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1 Introduction and RAN1#103-e agreements
As per chairman’s guidance, the email discussion is planned according to the following schedule: 
[103-e-NR-IIoT-URLLC-01] Email discussion/approval for UE feedback enhancements for HARQ-ACK – Klaus (Nokia)
· 1st check point: 11/5
· 2nd check point: 11/10
· 3rd check point: 11/12

This document is structured as follows: 
· Sections 2 to 8 include the topics to be specified or at least further studied based on RAN1#102-e agreements, including sub-sections for the related email discussion rounds
· Section 9 describes further suggested enhancements by different companies not directly related to the agreed study focus based on RAN1#102-e agreements
· For each of these sections a short summary of the discussions during RAN1#103-e and some outlook on technical issues to be clarified by the moderator are provided in related sub-sections. 
· There are two appendices, one summarizing the companies’ proposals for easier referencing and one containing the agreements reached so far.

During RAN1#103-e, the following agreements could be agreed:   
Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
1. Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
0. FFS: Details including the definition of a next (e.g., first) available PUCCH, CB construction / multiplexing 
1. Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
1. FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 

Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
1. ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
0. FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
0. Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
1. Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
1. FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB


2 SPS HARQ-ACK dropping for TDD
In this section, the proposed Rel-17 enhancements to prevent SPS HARQ-ACK dropping for TDD operation are summarized. 
The following methods to support transmission of dropped SPS HARQ-ACK due to cancelled PUCCH collision with DL symbols in TDD have been mentioned by different companies: 
· Alt. 1: Deferring HARQ-ACK until a first available PUCCH – different options for ‘first available PUCCH’: 18 companies (all together)
· Alt. 1a: Deferring HARQ-ACK until the first available valid PUCCH resource – 15 companies 
· Relation between 1a and 1b to be clarified (unclear to moderator if 1a & 1b could be combined), maybe some clarifications needed…
· Supporting companies: HW/HiSi [1] (limitation to max. k1 value), TCL [4] (limit to max k1), CATT [5] (only by configured k1 value, first = not colliding with SSB or SS-DL symbols), Xiaomi [6], CMCC [7] (first = non colliding with SSB or SS-DL symbols or periodically configured PUCCH resource / slot) , LGE [8] (‘consider’ ?, OoO HARQ to be considered), Samsung [9] (PUCCH validity only defined by semi-static UL symbols and k1 value), Sony [11] (with a limit on the number N of SPS HARQ bits to be retransmitted, N is RRC configured), NEC [15] (limitation on payload size), Panasonic [16] (study) , APT [19] (max. configured deferral per SPS configuration), Lenovo [22] (incl. limitations on max.  deferral e.g. survival time), Sharp [23], DOCOMO [26], WILUS [27] (at least PUCCH resources of SPS configuration(s) considered as valid)
· Pros: simple (e.g. HW/HiSi [1])  
· Cons: unbalanced HARQ load (e.g. vivo [2])
· Alt. 1b: Deferring HARQ-ACK until the first available valid UL slot or UL symbols – 3 companies
· Relation between 1a and 1b to be clarified (unclear to moderator if 1a & 1b could be combined), maybe some clarifications needed
· Supporting companies: Ericsson [3], China Unicom [24] (take TDD frame structure into account), Spreadtrum [25]
· Alt. 1c: Deferring HARQ-ACK until the next available valid PUCCH resource of the same SPS PDSCH configuration – 2 companies (also supporting Alt. 1a) 
· Supporting companies: Xiaomi [6], LGE [8] (FFS if from another SPS configuration)
· Alt 2: gNB dynamic indication /triggering for the postponed HARQ-ACK to UE: 7 companies (all together)
· Indicating a single TX opportunity: DOCOMO [26]
· Enhanced Type 2 CB: vivo [2], ETRI [18] 
· NN-K1 operation: Intel [17], ETRI [18]
· Type 3 / one-shot CB: vivo [2] (incl. triggering of different subsets), Panasonic [16] (study), Intel [17] , ETRI [18], IDC [21] (only SPS HARQ-ACK of dropped PUCCH), DOCOMO [26], QC [28] (only HARQ IDs of SPS PDSCH within a time window T, see Fig. in Appendix [28])
· Pros: 
· Cons: unclear operation ( HW/HiSi [1]), high specification impact (CMCC [7]), high overhead e.g. for Type 3 CB (CMCC [7], Nokia/NSB [14]), DCI overhead (NEC [15], WILUS [27], Nokia/NSB [14])
· Alt. 3: Indicating K1 value for each SPS transmission configured by RRC: 3 companies 
· Supporting companies: Ericsson [3] (cycled through configured sequence), OPPO [10] (separate K1 is configured for each slot), ZTE [13] (configuration of a set within a window, see Fig in Appendix [13], set could be selected by activation DCI)
· Pros: better load balancing as Alt. 1 (HW/HiSi) , flexible (DOCOMO [26])
· Cons: high config overhead (HW/HiSi [1], vivo [2], TCL [4]), NEC [15], WILUS [27]), multiple K1 set operation unclear (HW/HiSi [1]), reconfig for changed SS-TDD config (HW/HiSi [1], vivo [2]), 
· Alt. 4: UE to select the first applicable k1 value from a set of configured k1 values to allow HARQ-ACK load balancing: 2 companies
· Supporting companies: TCL [4] (‘UE may select one of the proper values’, not necessarily the first applicable one?), Nokia/NSB [14] (see figures in Appendix [14])
· Pros: Smaller overhead compared to Alt. 3. (HW/HiSi [1]), better load balancing as Alt. 1 (HW/HiSi), flexible (DOCOMO [26])
· Cons: multiple K1 set operation unclear (HW/HiSi [1]), potential OoO HARQ (vivo [2]), ‘complicated’ (WILUS [27]), no applicable k1 values for all TDD UL/DL config (DOCOMO [26])
· Alt. 5: Configuration of additional, independent PUCCH resource for deferred HARQ-ACK transmission (k1 value, start, length, PUCCH format): Intel [17] (see Figure in Appendix [17]) – 1 company
  

Companies mention the following limitations to be taken into account (especially for Alt. 1a/b): 
· Deferral is limited to the maximum configured k1 value of the K1 set: HW/HiSi [1], TCL [4], CATT [5]
· Deferral needs to correspond to a k1 value of the configured K1 set: CATT [5]
· ‘HARQ overriding’ – not later than the starting symbol of upcoming PDSCH occasion corresponding to same HARQ process ID: LGE [8]
· ‘OoO HARQ’ - the ending symbol of the PUCCH transmission carrying HARQ-ACK of other PDSCH reception received after the SPS PDSCH reception: LGE [8]
· Deferral is limited to a certain (configured) maximum ‘delaying value’: LenMoto [22] (e.g. based on survival time) 
· Deferral is only applied if PUCCH colliding with semi-static DL or semi-static flexible symbols: WILUS [28]
· Limiting the number of bits for deferred PUCCH: Sony [11], NEC [15]

Some companies mention the need to discuss how to enable the piggy-backing of more than one ‘HARQ-ACK PUCCH occasion’ on a PUCCH or PUSCH: 
· CMCC [7]: Assuming T = periodicity of UL/DL config or periodicity of periodically configured PUCCH resource
· For Type 1 CB: union of two K1 sets – the set K1 and the set ‘K1+T-1’ (K1 set offset by the deferred time T minus 1)  
· For Type 2 CB: append all SPS bits from slot n-k+T+1 to n-k, where k is the k1 value for the SPS configuration (based on the activation DCI) 
· Spreadtrum [25] on multiplexing order: The HARQ-ACK codebook generation sequence first follows the ascending order of virtual PUCCH slot/sub-slot index, and for all the HARQ-ACK bits corresponding to a same virtual PUCCH slot/sub-slot, the bit sequence follows Rel-16 rule


2.1 First round of email discussions
Moderator comment: 
Based on the input contributions to this meeting, there are two ways supported by many companies, namely – Alt. 1a/b with 17 supporting companies as well as one-shot triggering / Type 3 CB (incl. optimizations)  supported by 7 companies. The remaining proposed alternatives have only been supported by 3 or less companies. 
It is therefore suggested to try to down-select the alternatives to a smaller number of alternatives, which would allow to discuss further details of the remaining alternatives before taking the final decision which alternative(s) to support to solve the problem of dropped SPS HARQ in TDD operation (incl. further discussions on all the needed details). 

FL proposal 2.1: The following alternatives are further considered to prevent SPS HARQ-ACK dropping for TDD systems: 
· Option 1: Deferring HARQ-ACK until a first available PUCCH
· FFS: Details including the definition of a first available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
Companies to provide their related views in the following table, if they are supportive of the proposal as well as further comments / input
	Company
	Yes / No
	Comments

	vivo
	Yes with one clarification
	We support both options. One clarification is the intention of the proposal 2.1 is not for down-selection between option 1 and option 2, right? 

	LG
	Yes
	Fine with the proposal from FL.

	Sony
	Yes
	Support the proposal.  For Option 1, it is worth mentioning, in the FFS, the accumulation of dropped HARQ-ACK bits that may overload the 1st available PUCCH, which was an issue brought up by a few companies. 

	Intel
	
	Similar to vivo, we think both directions should be supported. The Opion-1 like should handle semi-statically known conflicts while Option-2 like can be used to resolve dynamic conflicts.
Furthermore, we would like to generalize Option 1 as follows in order to consider the case of providing a PUCCH resource in addition to deferring
· Option 1: Deferring HARQ-ACK until a first available PUCCH Mapping HARQ-ACK to another available PUCCH resource
· FFS: Details including the definition of a the another first available PUCCH including K1 determination, CB construction / multiplexing 

	Samsung
	Yes (partly)
	Option 1 only – no need to consider solutions requiring additional signaling overhead and codebooks that are not supported by a UE/gNB that does not support NR-U. That is not in the WI scope. In this sense, option 1 should be more general solution. 
In addition, to reduce latency, both PUCCH resources for SPS PDSCH only HARQ-ACK (PUCCH resources configured in sps-PUCCH-AN-List-r16) and dynamic PDSCH HARQ-ACK (PUCCH resources configured in PUCCH-ResourceSet) should be considered.
As an example, PUCCH #2 in the figure below can be used in this case.
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	WILUS
	Yes
	We are fine with the FL proposal 2.1. 

	DOCOMO
	Yes
	We support the proposal. 
For option 1, we think it is better to include “deferral condition” also in the FFS details since it seems companies have different views on when to defer SPS HARQ-ACK. Some companies think deferral is for all possible TDD collision cases while some companies proposed that deferral is only for collision with semi-static D (or SSB) symbols. Considering TDD collision cases may also include TDD collision with semi-static flexible symbol especially when SFI configured, SPS HARQ-ACK dropping is still possible in this case and the HARQ-ACK dropping issue isn’t solved entirely by the deferral only for collision with semi-static D (or SSB) symbols. We clarify this since we expect that option 1 will solve the issue entirely and independently.

	Huawei, HiSilicon
	Yes 
in principle
	To move forward, ok to narrow down the candidate solutions as given in the proposal. However, we prefer to only support option 1. 
For option 2, we think it is not good to introduce a DCI to enable HARQ-ACK feedback for SPS transmission. In addition, the main concern on type 3 HARQ-ACK codebook is the overhead, and it will have impact on the reliability of URLLC. 

	Panasonic
	Yes
	We are fine with the FL proposal 2.1.

	CMCC
	Yes
	Fine with the proposal from FL to narrow down to two options at first stage. We prefer option 1 considering that the large overhead of type-3 codebook

	TCL	
	Yes 
	We support the proposal. In addition, for Option1, it should be clarified in FFS that the K1 determination will be studied.

	Spreadtrum
	Yes
	We are fine with both options.

	ZTE
	No
	We support Alt3, actually, Alt4 is very similar with Alt3 both based on the K1 values set indication. As the approach of K1 values set indication is supported by at least 5 companies, I suggest not ruling out this option before the Wednesday GTW meeting.
For the concerns to Alt3, the overhead of RRC configuration is worth the benefit of uplink load balance and the reliability of HARQ-ACK. For SFI reconfigures the TDD reconfiguration that does not occur frequently, we can configure multiple K1 value sets by RRC to fit the possible change of TDD configurations, and dynamically indicate one of sets to adapter the change.

	NEC
	Yes
	Support the FL proposal 2.1.  We share same views with vivo and Intel that both options should be supported. 
For option 2, it provides flexibility for gNB to trigger the HARQ-ACK feedback transmission for SPS PDSCH in case the TDD collision happens. The Type-3 HARQ-ACK codebook size can be reduced by some simple enhancements, e.g., the HARQ-ACK codebook only containing the No. of DL HARQ processes for the indicated SPS configurations.

	Nokia, NSB
	Yes
	On some comments above, it should be noted here that Type 3 CB itself is supported for licensed band already. Therefore, Option 2 could be readily used for this purpose. 
We actually would prefer Alt. 4, which we still see as the best solution to provide load balancing there and no DCI overhead. Related to the comments on e.g. OoO HARQ, we would like to note that it is up to gNB configuration to select the related k1 values. So in this respect, gNB will by configuration of the k1 sequence prevent any out of order operation. 
At the same time, we acknowledge the rather large majority of companies supporting the two options suggested for down-selection. For the group to proceed, we would be fine with the proposed down-selection. But if other alternatives are to be added to be further considered, we would then insist to also not preclude Alt. 4 either. 

	OPPO
	Yes 
	To move forward, we are fine to narrow down candidate solutions and we prefer to support option 1 only. Option 1 should be a more general solution. When we determine available PUCCH resource, we also need to consider load balance, e.g. within configured uplink slot. 
For option 2, it is not good to introduce a DCI triggering HARQ-ACK feedback for SPS transmission. However, Type 3 HARQ-ACK codebook construction for limited HARQ process for SPS transmission can be considered.

	CATT
	Yes
	Our understanding of the proposal is to further discuss whether to support Option 1 and/or Option 2, i.e. we may support only one of them or both of them based on further discussion.
Regarding the modification proposed by Intel, we think it is too generic to include some of the alternatives which intended to be excluded.

	MediaTek
	Yes
	

	Ericsson
	Yes
	Option 1: We are fine with this proposal. Although we understand the intention, we would like to clarify the following to ensure our understanding of “first available PUCCH” is inline with the proposal.
· The main issue is the “timing” of PUCCH transmission. The issue is not to have a “PUCCH”. The PUCCH resources are configured, applicable for each slot. In the proposal the aspect of “time” should be addressed to clarify what deferring is referring too. 
· As Samsung explained, depending when the timing of HARQ-ACK feedback occurs, a codebook would be constructed. While deferring, the CB maybe a mix of dynamically scheduled PDSCH or not. Hence, it should be clear that by deferring, the already existing rules applies. In case of HARQ-ACK for DL-SPS only, and the size of CB, UE determines the PUCCH resource from sps-PUCCH-AN-List-r16. If that doesn’t fit, UE has to defer to the next slot. In case by deferring, the CB would include HARQ-ACK for scheduled PDSCH, the PUCCH resource sets in Configured PUCCH resource set would be applicable and existing methods to determine the PUCCH.
Option 2: We are fine with this option. In our view, it is different from other options that provides a dynamic means to trigger retransmission. However, in general, we are not in favour of multiple solutions that differ slightly. It would be worthwhile to discuss and consider solutions based on Option 2, not only for DL SPS HARQ-ACK dropping due to TDD. We think it is more efficient to develop solutions to have more large use cases.

Although we prefer Alt 3, for the sake of progress, we are fine with above options. In our view, it would provide two different way of dealing with the problems. 

	InterDigital
	Yes
	We support the FL proposal. 

	Xiaomi
	Yes
	We are fine with the proposal. But we prefer option 1 considering that the large overhead of type-3 codebook

	Sharp
	Yes
	We are OK with the proposal.

	Lenovo, Motorola Mobility
	Yes
	

	QC
	Yes for Option 2 – No for Option 1
	Option 1 might not be feasible in case first available UL symbol(s)/sub-slot(s)/slot do not have the required amount of UL PRBs or UL beams so as all UEs can transmit at these resources. Option 1 is prone to misalignment in deferred HARQ behaviour – due to SFI or DG decoding failure. 

	APT
	Yes
	



Outcome of 1st round
Based on the input in the first round, RAN1 was able in the GTW session to down-select to 2 options based on the following RAN1 agreement for further discussion / consideration: 
Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 

2.2 Second round of email discussions
Moderator comments for 2nd round: 
Based on the decision from the GTW online session on Nov. 4th, it is suggested as next step to discuss a bit some more details on each of the two options to increase the common understanding in which direction the operation for each of the two Options is envisioned. 
Therefore, for each of the options a couple of questions are raised here (where the set of questions clearly is not covering all the aspects, companies are also encouraged to provide further free input on questions / issues to be considered – there is a separate table for these for both Option 1 and Option 2)

Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
One aspect brought up by several companies and also in the online session was the definition of a ‘next (e.g. first’) PUCCH. In this respect, the question is there: 
· Time domain behavior: What is the interaction with TDD operation in terms of semi-static D/U/F symbols, as well as flexible TDD operation with dynamic SFI? How to define what a ‘valid’ next PUCCH would be in time?
· How would the PUCCH resource in a next (e.g. first) PUCCH be defined (for SPS HARQ only)?
· How to handle the deferral in case of having an overlapping PUCCH scheduled by a DCI (i.e. using PRI)?
· Is the deferred SPS PUCCH be considered as a normal PUCCH when considering the multiplexing (i.e. same PUCCH overriding and multiplexing as in case of a ‘non-deferred’ PUCCH) -  or are any specific enhancements envisioned here. 
In addition, there had been company inputs on needed restrictions in the deferring process, such as limited to the maximum k1 value configured / survival time, limited in payload size etc. It would be just good if companies could provide more input on potential needed restrictions but also providing reasons why such restrictions are needed or should be defined. 

Question 2.2.1.1: For Option 1, what is envisioned interaction with TDD operation (i.e. handling of semi-static D/U/F symbols, handling of SFI) to define which ‘next’ PUCCH can be considered as valid for transmission? 

	Company
	Comments

	Sony
	Our understanding is the ‘next’ PUCCH would be the 1st instance in time of a scheduled PUCCH (associated to a SPS or a DL Grant) that does not collide with any invalid/DL symbol, i.e. can be transmitted.

	QC
	‘Next PUCCH valid for transmission’ is the 1st instance in time containing the amount of UL semi-statically configured symbols, which (amount of UL symbols) corresponds to the amount of UL symbols of the PUCCH format of the deferred SPS HARQ Feedback. E.g. in case SPS PUCCH is configured as PUCCH Format 1 with 7 symbols, the first available location of 7 consecutive UL symbols in the next slot or in one of the next slots. 

	Intel
	Our proposal is to allow postponing based only on semi-static information about UL-DL configuration. I.e. a candidate PUCCH is valid if overlaps with semi-static UL. As for semi-static flexible, it could be further studied. Our initial preference is to allow semi-static flexible symbols.
In case of conflict with dynamic reconfiguration of the symbol direction, the PUCCH would need to be dropped.

	Samsung
	Semi-static U (FFS for F) symbols should be considered to determine available ‘next’ PUCCH. Given that HARQ-ACK needs to have high reliability, it is not reasonable to assume SFI detection with an even higher reliability (e.g. <10-5) to avoid having an impact on URLLC performance – that would also limit the coverage of the cell.

	DOCOMO
	‘Next’ PUCCH resource is the PUCCH resource in the earliest sub-slot/slot after the K1 indicated sub-slot/slot with fulfilling following conditions:
1) The PUCCH symbol in the sub-slot/slot has no collision with any invalid symbol, where the invalid symbol at least includes a semi-static DL symbol and a semi-static flexible symbol due to dynamic D/F indication by SFI or due to SFI missing.
FFS any other required conditions for deferring

	vivo
	To avoid DCI miss-detection issue for dynamic SFI, we prefer to validate a PUCCH based on semi-static configuration only, at least including semi-static UL symbols, FFS semi-static flexible symbols. 

	ZTE
	‘Next PUCCH valid for transmission’ is 1st available instance in time of a valid PUCCH after the slot value determined by the PRI in active DCI. If the instance of PUCCH has the other UCI than the dropped HARQ-ACK, then the other UCI will multiplex with the dropped HARQ-ACK according to the current multiplex rule if same priority or to the new multiplexing rule in Rel-17 if different priorities.

	CMCC
	A PUCCH resource without DL symbol(s) configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated is considered as valid for transmission. Dynamic SFI is not considered for definition of valid PUCCH resource since the reliability of HARQ-ACK may be impacted by miss detection of SFI.
Alternatively, periodically configured PUCCH resource/slot can be considered as valid PUCCH resource, and UE could expect that the configuration of periodic PUCCH resource/slot is always aligned with semi-static UL/DL configuration, this scheme would be beneficial for PUCCH load balance from system perspective, since gNB can configure different PUCCH resource for different UEs.

	Panasonic
	At least semi-static UL symbols should be considered to determine available ‘next’ PUCCH. Semi-static flexible symbols (except for semi-static invalid symbols) can also be considered to determine available ‘next’ PUCCH.

	Lenovo, Motorola Mobility
	The next available PUCCH resource includes semi-static UL symbols.

	WILUS
	Our understanding is ‘next’ PUCCH resource is determined based on semi-static D/U/F configuration. Considering miss-detection probability of dynamic SFI, we prefer not to consider the dynamic SFI to determine the ‘next’ PUCCH resource. 

	Spreadtrum
	First, we agree with Ericsson and Samsung that the main issue is the “timing” of PUCCH transmission. The comprehension consistence between gNB and UE about the earliest sub-slot/slot should be guaranteed. After that, a set of available PUCCH resources in earliest sub-slot/slot should be determined. Since the dynamic SFI reliability is very high, semi-static F symbols can also be considered to determine available PUCCH resources to improve the scheduling flexibility and latency. Dynamic SFI false alarm issue is just a corner case. 

	OPPO
	Only semi-static UL symbols can be considered

	LG
	For our understanding, it is beneficial to consider semi-static TDD configuration only for determining “next PUCCH resource”. Thus, semi-static Uplink (or Flexible for FFS) should be considered. 

	CATT
	Our proposal is that HARQ-ACK for SPS PDSCH is deferred to a first slot/sub-slot which includes PUCCH resource which does not collide with semi-static DL symbols or SSB symbols. The PUCCH resource is determined from the resources configured for SPS HARQ-ACK feedback based on the number of HARQ-ACK bits for SPS PDSCH to be transmitted in the slot/sub-slot.

	Ericsson
	Only support deferring for the case of semi-static TDD configuration, not when conflicting with dynamic reconfiguration of the symbol direction. 
Semi static UL symbols which can accommodate the PUCCH format and duration of the deferred SPS HARQ feedback can be considered as valid. FFS for semi-static flexible symbol. 
HARQ-ACK for SPS PDSCH is deferred to a first slot/sub-slot which include valid symbols for PUCCH.

	NEC
	The next available PUCCH resource includes at least semi-static UL symbols, FFS semi-static flexible symbols.  

	Huawei, HiSilicon
	We think semi-static U (FFS for F) symbols should be considered to determine available ‘next’ PUCCH considering that PUCCH for SPS could not transmitted in flexible symbol in Rel-15, we should not change this.

	APT
	The next PUCCH resource is a resource not conflicting with semi-static DL symbols. Dynamic SFI is not considered for determination of the next PUCCH resource.



Question 2.2.1.2: For Option 1, how is the PUCCH resource of the next PUCCH defined (assuming SPS HARQ-ACK only)? 

	Company
	Comments

	Sony
	The PUCCH resource should be defined by the associated SPS PDSCH, i.e. the SPS PDSCH that does not have a dropped HARQ-ACK.  Referring to the figure below, the “next” available PUCCH is P#3 and its PUCCH is (defined by) associated with SPS#1 in Slot n+4.
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	QC
	Without any indication/intervention of the network, the PUCCH resource of the next PUCCH is defined as follows:
- time domain: first in time -after the instant of deferred SPS PUCCH HARQ-available set of semi-statically configured UL symbols, which can carry the deferred SPS PUCCH HARQ (with the defined PUCCH format)
-frequency domain: the starting PRB of this new PUCCH resource is the same as the starting PRB of the initial SPS PUCCH, which is deferred.
- space domain: the UL beam to be used in the deferred SPS HARQ is the same as the UL beam used for the initial (deferred) SPS PUCCH
- all other PUCCH parameters, i.e. initialCyclicShift, nrOfSymbols, timeDomainOcc, occ-Length, Occ-index are the same as the ones used in the initial (deferred) SPS PUCCH.

	Intel
	A set of pairs of {PUCCH resource, k1} could be provided to a UE to look for other available PUCCH. In this case it is possible to ‘postpone’ to the same slot/sub-slot without changing k1 that has least delay.

	Samsung
	Both PUCCH resources for SPS PDSCH only HARQ-ACK (PUCCH resources configured in sps-PUCCH-AN-List-r16) and dynamic/DCI-associated PDSCH HARQ-ACK (PUCCH resources configured in PUCCH-ResourceSet) should be considered. 
As clarified before, using both PUCCH resources can help reduce the latency of SPS HARQ-ACK.

	DOCOMO
	The possible PUCCH resource is the PUCCH resource for SPS HARQ-ACK. If the earliest possible PUCCH resource can’t fulfil additional required condition or the earliest PUCCH resource has collision with invalid symbol, further check whether a later possible PUCCH resource can fulfil all deferring conditions.

	vivo
	The PUCCH resource of the next PUCCH can share the PUCCH resource pool configured for dynamic PDSCH and/or SPS PDSCH.

	ZTE
	Similar view as QC. The next PUCCH is the first instance of PUCCH available, which is not restricted to the PUCCH for SPS.

	CMCC
	The definition of the next PUCCH resource, the following alts should be further studied:
1) PUCCH resources for HARQ-ACK of SPS PDSCH only;
2) PUCCH resource for HARQ-ACK of dynamic scheduled PDSCH;
3) the first in time -after the instant of deferred SPS PUCCH HARQ-ACK – valid instance without DL symbol(s) configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated (when there is no configured/indicated PUCCH resource for HARQ-ACK of SPS PDSCH as well as dynamic scheduled PDSCH in the sub-slot/slot)
periodically configured PUCCH resource/slot, and UE could expect that the configuration of periodic PUCCH resource/slot is always aligned with semi-static UL/DL configuration, this scheme would be beneficial for PUCCH load balance from system perspective.

	Panasonic
	PUCCH resources for SPS PDSCH (PUCCH resources configured in sps-PUCCH-AN-List-r16) should be considered.

	Lenovo, Motorola Mobility
	The next available PUCCH resource is the earliest available PUCCH resource for SPS HARQ-ACK after K1 but within the max. allowed HARQ-ACK feedback delay.

	WILUS
	The next PUCCH resource is the earliest PUCCH resource among PUCCH resources for SPS HARQ-ACK after the dropped SPS HARQ-ACK. Use of a PUCCH resource scheduled by a DCI format should be avoided due to potential miss-detection of the DCI format. 

	Spreadturm
	Agree with Samsung that both PUCCH resources for SPS PDSCH and DCI-associated PDSCH that satisfying the collision conditions can be considered to enhance the feedback flexibility. 

	OPPO
	PUCCH resources for SPS PDSCH (PUCCH resources configured in sps-PUCCH-AN-List-r16) should be included at least.
To reduce latency further, we could extend PUCCH resource number configured for SPS HARQ-ACK resource pool.

	LG
	PUCCH resources for SPS HARQ-ACK only could be considered as “next PUCCH resources”. Since these PUCCH are semi-statically configured, gNB can expect UE’s deferring without any signaling so that mis-alignment between UE and gNB is avoided. 

	CATT
	Our proposal is that HARQ-ACK for SPS PDSCH is deferred to a first slot/sub-slot which includes PUCCH resource which does not collide with semi-static DL symbols or SSB symbols. The PUCCH resource is determined from the resources configured for SPS HARQ-ACK feedback based on the number of HARQ-ACK bits for SPS PDSCH to be transmitted in the slot/sub-slot.

	Ericsson
	To determine PUCCH resource for the deferred SPS HARQ-ACK, the already existing rules apply.
When deferring to the slot/sub-slot, there are two cases: that the deferred DL SPS HARQ-ACK could be transmitted, there is no HARQ-ACK for scheduled PDSCH to be transmitted in that sub-slot/slot is not expected to be transmitted:
· In case of HARQ-ACK for DL-SPS only, where there is no HARQ-ACK for scheduled PDSCH to be transmitted in that sub-slot/slot
· PUCCH resource is determined based on SPS-PUCCH-AN-List or n1PUCCH-AN in case that SPS-PUCCH-AN-List is not configured. If that doesn’t fit, UE has to defer to the next slot/sub-slot.
· In case of HARQ-ACK for DL-SPS and HARQ-ACK CB for scheduled PDSCH to be transmitted in that sub-slot/slot (answer to Question 2.2.1.3 as well)
· the HARQ-ACK CB would include HARQ-ACK for scheduled PDSCH, PUCCH resources configured in PUCCH-ResourceSet would be applicable and the existing methods to determine the PUCCH resource apply.


	NEC
	The next PUCCH resource is the next available PUCCH resource configured for SPS PDSCH or indicated for DG PDSCH that not collides with invalid symbols.  

	Huawei, HiSilicon
	The PUCCH resource of the next PUCCH is defined as the first in time -after the instant of deferred SPS PUCCH HARQ, available set of semi-statically configured UL symbols, both PUCCH resources for SPS PDSCH only HARQ-ACK (PUCCH resources configured in sps-PUCCH-AN-List-r16) and dynamic PDSCH HARQ-ACK (PUCCH resources configured in PUCCH-ResourceSet) should be considered. Also, we should make sure that the K1 value between the SPS PDSCH and the new PUCCH could be one of the configured k1 value.
By the way, there are too many options, maybe we could discuss this after question 2.2.1.1 is solved.

	APT
	The next PUCCH resource is the first PUCCH resource configured in SPS-PUCCH-AN-List that does not conflict with semi-static DL symbol.



Question 2.2.1.3: For Option 1, how do you envision the handling of a deferred next PUCCH with another PUCCH (based on DCI signaling)? Is there any specific handling envisioned or can the same multiplexing (and PUCCH resource overriding procedure) be applied? 

	Company
	Comments

	Sony
	The PUCCH scheduled by a DCI can be the “next” available PUCCH.

	QC
	Case 1: DCI for another PUCCH for the same UE & DCI indicates the amount of bits in the codebook for both new PUCCH & deferred PUCCH: multiplexing
Case 2: DCI for another PUCCH for the same UE & DCI indicates the amount of bits in the codebook only for new PUCCH: new PUCCH transmitted and deferred PUCCH deferred to next UL occasion.

	Intel
	Reuse multiplexing rules, with details to be further considered.

	Samsung
	We understand the intention of the question, however, we think the question is misleading. This issue is not about PUCCH multiplexing, instead, it is about how to generate a HARQ-ACK codebook and how to select a PUCCH to transmit the HARQ-ACK codebook. We would like to clarify a bit more.
Current behaviour is that HARQ-ACK information in a same slot/sub-slot should be multiplexed in a same HARQ-ACK codebook. In our understanding, there is only one HARQ-ACK codebook per slot/sub-slot for a same priority.
For delayed SPS HARQ-ACK, the first step is to determine an available slot/sub-slot. The second step is to generate the HARQ-ACK codebook in the slot/sub-slot. The third step is to determine a PUCCH resource for the HARQ-ACK codebook.
In the second step, if there is dynamic scheduled HARQ-ACK in a same slot/sub-slot, SPS HARQ-ACK should be multiplexed with dynamic scheduled HARQ-ACK in a same HARQ-ACK codebook, otherwise, the HARQ-ACK codebook only contains HARQ-ACK information for SPS PDSCH(s).
In the third step, the PUCCH resource is determined according to current behaviour.
Same multiplexing behaviour should be applied. Rel-16 timelines will need to apply.

	DOCOMO
	Rel-15 defines multiplexing behaviour between SPS HARQ-ACK and other PUCCHs based on DCI signalling, which can be a starting point. Similar behaviour can be applied for deferred SPS HARQ-ACK multiplexing with another PUCCH based on DCI signalling. PRI field in the DCI can still be used to determine the multiplexing PUCCH resource. Since the PUCCH resource is indicated by DCI, it is always valid for PUCCH transmission. 


	vivo
	We think current available multiplexing (and PUCCH resource overriding) mechanism in Rel-15/16 should be reused as much as possible.

	ZTE
	If the instance of next PUCCH is or overlaps with the PUCCH scheduled by other DCI has the other UCI than the dropped HARQ-ACK, then the other UCI will multiplex with the dropped HARQ-ACK according to the current multiplex rule in R15 if same priority or to the new multiplexing rule in Rel-17 if different priorities.

	CMCC
	We share similar view with Samsung that the deferred SPS HARQ-ACK can be multiplexed with other SPS HARQ-ACK and/or dynamic scheduled HARQ-ACK into one HARQ codebook if they are in the same sub-slot/slot.
Moreover, as commented in Question 2.2.1.2, when there is no configured/indicated PUCCH resource for HARQ-ACK of SPS PDSCH as well as dynamic scheduled PDSCH in the sub-slot/slot, the first in time valid instance without DL symbol(s) configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated can be used for carrying deferred SPS HARQ-ACK.

	Panasonic
	Rel.15/16 multiplexing rules should be reused.

	Lenovo, Motorola Mobility
	Reuse the Rel-15/16 rules for PUCCH resource determination. FFS for detailed multiplexing rules.

	WILUS
	Reuse Rel-15/16 multiplexing rules. No special handling for the deferred HARQ-ACK. 

	Spreadtrum
	If the earliest deferred sub-slot/slot does not contain DCI indicated PUCCH transmission, the SPS codebook can be independently generated reusing R-16 rules, and otherwise multiplexing can be considered.  In addition, if a dynamic DCI scheduling PUCCH is false detected, also applying the PUCCH resources for dynamic PDSCH to generate SPS HARQ-ACK codebook can guarantee that gNB and UE have comprehension consistence with the first deferred sub/sub-slot. 
 

	OPPO
	Rel.15/16 multiplexing rules should be reused.

	LG
	If deferring to dynamic PUCCH is supported, how to handle is up to PDSCH codebook. For the semi-static HARQ-ACK codebook, it would be necessary to consider how to generate/multiplex HARQ-ACK bit for deferred SPS HARQ-ACK. If dynamic HARQ-ACK codebook is used, Rel-16 SPS HARQ-ACK only codebook could be a baseline for further discussion. 

	CATT
	We share the similar view with other companies that if there are HARQ-ACKs for both SPS PDSCH and dynamic PDSCH, even if they do not overlap in time, they should be multiplexed and existing mechanism can be reused as much as possible. In this case, we expect the HARQ-ACKs to be transmitted on the PUCCH resource indicated by scheduling DCI, as in Rel-15/16.

	Ericsson
	Existing multiplexing rules should be reused. 
We share similar view as Samsung that HARQ-ACK information in a same slot/sub-slot should be multiplexed in a same HARQ-ACK codebook.
The deferred SPS HARQ-ACK is in the first slot/sub-slot with valid symbols for PUCCH as described in the previous questions. If there is HARQ-ACK of dynamic scheduled PDSCH in the same slot/sub-slot, SPS HARQ-ACK should be multiplexed with HARQ-ACK of dynamic scheduled PDSCH in a same HARQ-ACK codebook. Otherwise, HARQ-ACK codebook only contains the SPS HARQ-ACK. That is, the same multiplexing behaviour should be applied.
Also, the existing HARQ-ACK codebook construction is reused. And PUCCH resource is determined according to current behaviour.



	NEC
	We support multiplexing the delayed HARQ-ACK and other HARQ-ACK for SPS PDSCH and/or DG PDSCH in a same codebook if they have same priority and are located in the same slot/sub-slot.

	Huawei, HiSilicon
	By limiting K1 value between the SPS PDSCH and the new PUCCH could be one of the configured k1 value, we can make sure that there are bits position in the HARQ-ACK codebook of another PUCCH, then almost no specification is needed and the latency could be guaranteed.

	APT
	Existing multiplexing procedure can be used to multiplex the PUCCH for deferred SPS HARQ-ACK and PUCCH for dynamically scheduled HARQ-ACK.



Question 2.2.1.4: For Option 1, which limitations do you think need to be applied for the deferred PUCCH (max. latency, payload size, etc.)? Please also provide some explanation / reasons why such restrictions would need to be enforced.  

	Company
	Comments

	Sony
	We should limit the number of dropped HARQ-ACK to N where N is configurable.  N is the HARQ-ACK from associated with the latest N SPS PDSCH.

	QC
	First limitation to be applied is on latency:
The deferred SPS HARQ feedback should arrive i) before the packet expiration, ii) at a time instant which allows time for retransmission. I.e. if the SPS PDSCH packet (for which PUCCH HARQ is deferred) expires at time instant T1, the deferred SPS PUCCH feedback should be transmitted at a time instant prior to T1. In case the network does want to retransmit, then the feedback should be transmitted prior to time instant t0, where 
T0 = T1 – (PUCCH duration + gNB processing delay + SPS PDSCH duration)

	Intel
	We prefer explicit configuration of which PUCCH resource and where in time can be used as a deferred, thus no need to discuss latency, payload, etc.

	Samsung
	No limitations are needed since network can control all parameters such as SPS period, associated PUCCH resources, TDD configuration. Regarding payload size, we have designed multiple PUCCH configuration only for SPS PDSCH HARQ depending on UCI size. It should be enough. If there is any coverage issue for the few HARQ-ACK bits due to SPS PDSCH, the UE would be much more coverage limited for PDSCH/PUSCH – i.e. we already know that PUCCH with a few HARQ-ACK bits is not the coverage limiting channel. 

	DOCOMO
	At least two conditions to be considered: 
1) not expire the packet survival time or latency requirement or configured max K1 limitation; 
2) the REs of the selected valid (i.e. no collision with invalid symbols) PUCCH resource in the selected sub-slot/slot are allowed for SPS HARQ-ACK deferring, which can be configured/indicated by NW

	vivo
	Since the PUCCH resources for the deferred HARQ-ACK feedback for SPS PDSCH share the resources for dynamic PDSCH and SPS PDSCH, it is preferred the deferral should not exceed the configured maximum K1. 

	ZTE
	No limitation. It is hard to test if setting limitation on max latency, payload size, etc.

	Panasonic
	To consider packet survival time or latency requirement would be beneficial.

	Lenovo, Motorola Mobility
	Transmission of the deferred HARQ-ACK feedback should take into account the max. latency and payload size in PUCCH (to guarantee reliability), which can be set by the network.  

	Spreadtrum
	We prefer to add a maximum delay in order to constraint the deferred codebook size. 

	OPPO
	No limitation.
Firstly, network can control all parameters and set reasonable configuration.
Secondly, it is difficult to define latency requirement in physical layer. Latency requirement is service-specific, K1 set is configured taking into consideration multiple service latency, UL-DL configuration, UE processing time, PUCCH efficiency and so on. So either K1 set or maximum K1 cannot indicate latency requirement for one specific service exactly. 
Thirdly, even deferred HARQ-ACK is benefit for OLLA for MCS selection and accurate MCS is beneficial for PDSCH reliability.

	LG
	To manage UE buffer for HARQ process, we should limit deferring HARQ-ACK transmission before SPS PDSCH occasion corresponding to same HARQ process. In addition, it would be necessary to consider other HARQ-ACK transmission for avoiding out-of-order HARQ-ACK issues. 


	CATT
	In order to avoid impact on existing HARQ-ACK codebook construction, we propose that SPS HARQ-ACK can only be delayed to a slot/sub-slot included in configured K1 set.

	Ericsson
	Our preference is no limitation. 
The reasoning is similar to Samsung. The NW can control when the deferred HARQ-ACK would be transmitted based on RRC configurations. 
If needed, the maximum allowed deferred time may be limited based on the maximum K1 in a configured K1 set

	NEC
	Limitation of the number of dropped HARQ-ACK bits transmitted in a valid PUCCH resource can be considered to avoid imbalanced HARQ-ACK feedback transmission.

	Huawei, HiSilicon
	As we mentioned above, K1 value between the SPS PDSCH and the new PUCCH could be one of the configured k1 values.

	APT
	Maximum number of deferred slots should be considered. Each SPS configuration can be configured with different maximum number of deferred slots. It is beneficial for size reduction for HARQ-ACK codebook size of deferred and non-deferred SPS HARQ-ACK, since the latency requirements of all services transmitted using the SPS configurations may not be the same. 



Question 2.2.1.5: For Option 1, are there any additional important things that need consideration already in an this early phase?  

	Company
	Comments

	QC
	Additional considerations
· Availability of UL resources (symbols, sub-slots/slot) might not be sufficient for caring all of the UL traffic in the cell at this specific time instant. Namely, the amount of PRBs on the specific symbols and/or the number of beams might not be sufficient.
Need to define explicitly the PUCCH resource, i.e. starting PRB, starting symbol and UL beam to be used

	DOCOMO
	Load balancing issue should be considered since it is not good/possible to always put all the SPS HARQ-ACK deferring in the first valid UL resource. Some indications for whether a PUCCH resource in a certain sub-slot/slot can be used for SPS HARQ-ACK deferring can be considered.

	CMCC
	Enhancements of type-1 and type-2 HARQ-ACK codebook construction should be discussed to accommodate the HARQ-ACK bits for deferred SPS HARQ-ACK.

	
	

	
	




Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
As was visible from yesterdays discussion, there had been unclarity on what a one-shot / Type-3 CB type of transmission means. The moderator would like to note here, that as discussed also Sec. 6 for re-transmission of cancelled HARQ, the Rel-16 Type 3 CB could be readily applied also for this case. 
The question here is just, specifically, which changes or enhancements to the Rel-16 one-shot / Type 3 CB companies envision here. There had been input by some companies in their TDocs already (e.g. reduced CB size using time window, limitations only CCs, HARQ IDs only of SPS configurations, triggering of sub-set of Type 3 CB, etc.). There had been raised in the GTW session on changes to the triggering the one-shot HARQ reporting, that would be good to further clarify. As a third area for questions, it would be good to understanding if any enhancements in terms of multiplexing on PUCCH/PUSCH of Option 2 would be needed.  
To understanding the potential enhancements a bit better, companies are encouraged to not just state what they propose, but also provide some insights why certain enhancements should be considered / potentially specified. 
Question 2.2.2.1: For Option 2, what enhancements to the Rel-16 Type 3 CB construction (e.g. size reduction etc.) should be considered for the purpose of handling unnecessary SPS HARQ-ACK dropping for TDD? Please also provide some explanations for the reasons. 

	Company
	Comments

	QC
	· HARQ message size reduction
The amount of bits in the modified HARQ Codebook should not be large. The amount of bits depends on the window size.
· Preserving in order delivery of HARQ feedback. Appropriate timing of issuing the request is required. I.e. the request for modified HARQ CB type 3 should be issued prior to the HARQ feedback for a higher sequence number is received.

	Intel
	In the licensed scenario with SPS HARQ-ACK dropping there is no need to multiplex HARQ-ACK bits for dynamic scheduling since its dropping is fully under gNB control. Thus, a natural enhancement would be to focus somehow the content of the CB on the SPS HARQ processes.

	InterDigital
	Reducing the HARQ codebook size: instead of reporting HARQ feedbacks for all configured HARQ processes, only dropped/indicated HARQ processes can be transmitted.

	Samsung
	We do not support option 2. Some of the reasons are:
It is unnecessary and against the principle of using SPS PDSCH and then having the network rely on PDCCH and DCI scheduling HARQ-ACK transmission. The main reason of SPS PDSCH is anyway for the gNB to avoid having to transmit PDCCH to a UE and there can be multiple UEs that happen to receive SPS PDSCH at a given time.  
It introduces additional sources for errors associated with the UE having to detect a DCI format with very high reliability.
It puts difficult constraints on the network for having to ensure available PDCCH resources for potentially multiple UEs only to schedule HARQ-ACK – CORESETs will need to be reserved regardless and overhead will typically increase.
It is questionable whether latency requirements can be met if the PDCCH reception/processing timeline needs to also be included. 
We also do not agree with the introduction of new HARQ-ACK codebook types for UEs/network not supporting NR-U, particularly when there is no apparent reason to do so.

	DOCOMO
	Whether and how PHY priority considered in Type 3 CB.

	vivo
	Share Intel’s views. The codebook size for Type-3 codebook can be reduced for efficiency. We think option 1 and option 2 can complement each other. In some cases, the deferred the SPS PDSCH HARQ-ACK may be dropped due to collision with other transmissions or due to the deferral time beyond the maximum K1 values. For such cases, option 2 can be used. Such signalling when to trigger the enhanced Type 3 HARQ-ACK for SPS PDSCH is under gNB’s control, the overhead and detection reliability is acceptable.  

	ZTE
	We prefer option1, but option 2 could also be accepted if majority companies support.
The enhancement to the Rel-16 Type 3 CB should focus on the overhead reduction of codebook, e.g., prioritize the dropped HARQ-ACK, i.e., only the dropped HARQ-ACK codebook is included in Type 3 CB; or together with the other HARQ-ACK codebook with the same priority of the dropped HARQ-ACK.

	CMCC
	Option 2 is not preferred. One-shot HARQ-ACK codebook would contain HARQ-ACK feedback for all DL HARQ processes on all configured CCs, which results in lots of redundant feedback and larger PUCCH overhead. Moreover, DCI is needed for triggering type-3 HARQ-ACK codebook transmission which is not preferred considering PDCCH overhead and reliability issue.

	Panasonic
	Instead of reporting HARQ feedbacks for all configured HARQ processes, only transmitting SPS HARQ processes or dropped HARQ processes can be considered.

	Lenovo, Motorola Mobility
	HARQ-ACK codebook size reduction (e.g. UE selects HARQ processes for transmitting dropped SPS PDSCH HARQ-ACK)

	WILUS
	Unified design for SPS HARQ-ACK dropping and cancelled HARQ-ACK is preferred. In this sense, we think it would better to discuss type-3 CB enhancements in Section 6 jointly. 

	Nokia, NSB
	First of all, we would like to note that it may be good in the future (e.g. starting from the next RAN1 meeting), to treat the enhancements to ‘Type 3 CB’ jointly for SPS HARQ dropping for TDD and re-transmission of cancelled HARQ jointly. 
Specifically for the SPS TDD issue, clearly, there could be restrictions on HARQ IDs associated with SPS PDSCH and even the SPS PDSCH configurations (e.g. by RRC) could be restricted. This could be an easy way to reduce the payload size deterministically already a lot. 
Moreover, there could be more than one ‘Type 3 CB’ setup, which could be dynamically triggered (different subsets, as e.g. suggested by vivo). Not sure if this is to be regarded as Type 3 CB enhancement or triggering enhancement. 

	OPPO
	We share view with QC.

	LG
	We think it is not beneficial to handle unnecessary SPS HARQ-ACK dropping via dynamic DCI signaling. Type-3 HARQ-ACK codebook may have some benefits for specific scenario, thus it would be sufficient to use existing design for those limited purpose. 

	CATT
	Similar view as Intel

	Ericsson
	In our view, applying Option 2 only for DL SPS is mis-leading. If one-shot is triggered, the UE transmits the HARQ-ACK feedback for all the HARQ process IDs. Some of them, could have been used by DL SPS. In other words, one-shot trigger, should not be considered in isolation. When it is triggered, UE transmits the HARQ-ACK for all HARQ process (Please see our input in section 6 as well). The solution is applicable not only for DL SPS HARQ-ACK dropping due to TDD, but also in general for re-transmission of dropped/cancelled HARQ-ACK. 

We agree with Nokia view that it is reasonable to treat the enhancements to ‘Type 3 CB’ jointly for SPS HARQ dropping for TDD and re-transmission of cancelled HARQ jointly. 

One area for the enhancement for Type-3 HARQ-ACK codebook construction is on potential payload size reduction. For example, one simple change is to allow only A/N of “activated CCs” in the codebook instead of all “configured CCs”. Further enhancement for size reduction can be discussed (See our input next and in section 6).


	NEC
	We share same views with Intel that the Type-3 HARQ-ACK containing HARQ-ACK for SPS PDSCH only is sufficient. If directly reuse the Rel-16 one-shot HARQ-ACK feedback mechanism for SPS PDSCH, it will cause large redundancy. Some simple enhancements on HARQ-ACK codebook size reduction proposed by above companies can be considered. In addition, we prefer to separate discussion for Type-3 HARQ-ACK codebook for different use cases. 

	Huawei, HiSilicon
	As we commented before, the main concern on type 3 HARQ-ACK codebook is the overhead, and it will have impact on the reliability of URLLC. Therefore, we don't prefer to adopt it. Although many companies mentioned enhancements to reduce the HARQ-ACK codebook size, in this case it is compared to option 1 since more additional standard effort, and not sure  how much we can reduce the payload size. 

	APT
	Size reduction techniques should be studied. For example, only report the HARQ-ACK bits for the HARQ processes configured for SPS PDSCH.



Question 2.2.2.2: For Option 2, do you see a need for enhancements on the Rel-16 Type 3 CB triggering? If yes, please explain which & why changes should be supported. 
	Company
	Yes / No
	Comments

	QC
	Yes
	The network has the freedom to issue the request for modified HARQ CB 3 feedback, upon consideration of latency, UL load, available UL resources in the next UL symbols. Namely, the amount of SPS occurrences for which feedback is reported should be limited. The feedback should be received so as in order delivery of HARQ feedback is maintained. 

	Intel
	Yes
	Potentially to have more control on the CB construction in this case, some triggering enhancements may be needed.

	InterDigital
	No
	We think Rel-16 triggering is sufficient (a scheduling or a non-scheduling DCI can be used to trigger the HARQ CB type 3 transmission)

	Samsung
	No
	

	DOCOMO
	No
	Currently the triggering DCI for Type 3 CB can be a non-fallback DL grant DCI with or without scheduling data. We think it’s flexible enough for gNB to trigger Type 3 CB with considering issues like latency, UL load, available UL resources.

	vivo
	Yes
	The network can decide when and where to trigger a Type-3 codebook as required, considering HARQ-ACK feedback latency, UL load balance, etc. Besides, the network can only trigger the desired SPS HARQ-ACK bit(s) to avoid huge codebook size and unnecessary HARQ-ACK bit(s)

	ZTE
	Yes
	The enhancement can be adding the new field of indication for whether the Type 3 CB is only for dropped HARQ-ACK or for the dropped HARQ-ACK together with the other HARQ-ACK with the same priority of dropped HARQ-ACK.

	Nokia, NSB
	FFS 
	Depending on the interpretation if having different sub-sets of Type 3 CB which can be triggered is regarded as CB enhancement or triggering enhancement. 


	LG
	No
	Existing design of type 3 is sufficient to be used for our purpose. 

	CATT
	No
	

	Ericsson
	Yes
	A priority indication in the DCI triggering Type-3 HARQ-ACK codebook should be supported.  The reason is that with priority indication, the dropped HARQ-ACK can possibly be included immediately as part of the HARQ-ACK feedback based on Type-3 HARQ-ACK codebook. Note that Type-3 HARQ-ACK feedback contains HARQ-ACK bits of all HARQ processes regardless of priority in the triggering DCI. The priority indication here is used only for selecting proper parameters for PUCCH transmission and for the purpose of UL prioritization.  

For completeness, the “One-shot HARQ-ACK request” field should also be included in DCI format 1_2 to support triggering Type-3 HARQ-ACK codebook by DCI format 1_2.

Size reduction, for example by considering activated cells instead of configured ones.

	NEC
	Yes
	gNB should have the flexibility to control which HARQ-ACK bits in the Type-3 HARQ-ACK codebook. In addition, if the Type-3 HARQ-ACK codebook only containing the HARQ-ACK for SPS PDSCH only, the PUCCH resource for Type-3 HARQ-ACK codebook is determined from the dedicated PUCCH resource set for SPS PDSCH only or PUCCH resource set for DG PDSCH should be also considered.   

	Huawei, HiSilicon
	No
	As we commented before, we don't prefer to adopt type 3 CB for URLLC. 

	APT
	FFS
	May depend on the design of type 3 HARQ-ACK codebook for retransmission of cancelled HARQ-ACK and type 3 HARQ-ACK codebook for dropped SPS HARQ-ACK.




Question 2.2.2.3: For Option 2, are there any additional important things that need consideration already in an this early phase?  

	Company
	Comments

	QC
	In case the UE has to find the first available UL symbols in a given slot, whose format is transmitted via SFI (DCI 2_0), there is a potential misalignment issue, in case the UE does not receive the DCI 2_0.
Need to resolve any ambiguity on the exact resource, i.e. starting PRB, starting symbol, UL beam, PUCCH format to be used for the deferred SPS HARQ feedback.

	Intel
	We guess the question is about Option 2, not Option 1 that looks like a copy-paste error

	DOCOMO
	No additional comment for option 2. 

	
	

	
	


2.3 Third and fourth round of email discussions
Moderator comments for 3rd round: 
Considering the open questions in the 2nd round and the rather diverse views (except that semi-static UL symbols are to be considered as valid), it may not be possible to converge further in this meeting except repeating already earlier stated preferences between the two. 
Therefore, if companies have not provided their input on the questions in the 2nd round (in Sec. 2.2), you are of course still welcome to provide your input still now. The FL suggests to focus in the 3rd and 4th round of email discussion in trying to narrow down the options also for other study focus areas, therefore, no new questions or proposals are brought forward for the 3rd round. 

2.4 RAN1#103-e outcome & RAN1#104-e outlook
The following agreements could be reached on this issue during RAN1#103-e:
Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
1. Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
6. FFS: Details including the definition of a next (e.g., first) available PUCCH, CB construction / multiplexing 
1. Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
7. FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 

Final RAN1#103-e moderator comments: 
Based on the discussions by companies to the 2nd/3rd/4th round, it would be good if companies could provide their input to RAN1#104-e on the two options which would still need further discussion / clarification to enable potential agreements on support of Option 1 and/or Options 2, including  
· Option1: 
· Definition of ‘next’ PUCCH in time domain (i.e. ‘k1’ value) – including handling of semi-static flexible symbols and SFI if received
· PUCCH resource for re-transmission, separate config versus using e.g. SPS-PUCCH-AN-List or n1PUCCH-AN 
· Further considerations on CB construction when multiplexed with DG PDSCH HARQ, …
· Option 2: 
· Which enhancements to Type 3 CB are envisioned (please describe in detail)
· Maybe worth considering enhancements here more generically, including using one-shot / Type 3 CB type re-transmission also for re-transmission of canceled HARQ-ACK (of Sec. 5) – e.g. discuss them jointly.

3 SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH 
In this section, the company positions on the support as well as the related proposed Rel-17 enhancements to enable SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH are summarized.

The following preferences to support SPS HARQ-ACK skipping of ‘skipped’ SPS PDSCH in principle (with or without UE identification step) were indicated in different companies’ contributions: 
· Support: HW/HiSi [1], vivo [2], Ericsson [3], CMCC [7] (‘high priority’), Samsung [9], Sony [11], ZTE [13], IDC [21], Sharp [23], DOCOMO [26], QC [28]
· No support: CATT [5], Xiaomi [5] (‘low priority’), Panasonic [16] (motivation to be clarified), MTK [20]
· Pros: lower overhead, unnecessary UL interference
· Cons: can be handled by DG PDSCH, gains limited to PUCCH occasions having ‘skipped’ SPS HARQ only

On the need for UE identification of skipped SPS PDSCH, the following input has been received: 
· Yes: vivo [2], IDC [21] (???), Sharp [23] (???), QC[28] (??)
· No: HW/HiSi[1], Ericsson [3], CATT [5], Samsung [9], Nokia/NSB [14], WILUS [27]
· Pros: ‘beneficial’ (vivo [2]), lower UE power consumption (as no PDSCH decoding)
· Cons: Doubtful reliability / performance (FL: without dynamic signalling: CATT [5], Samsung [9], Nokia/NSB [14], WILUS [27]), gNB may schedule other transmission not enabling blind identification (CATT [5], Samsung [9], Nokia/NSB [14]), power consumption for identification (Apple [12], WILUS [27]), blind identification may need higher SINR (Panasonic [16]), system degradation due to false UE detection (Nokia/NSB [14], Intel [17]), UE complexity (WILUS [27]), DCI overhead from dynamic signalling

Suggested method to support SPS HARQ-ACK skipping: 
· Alt. 1 - NACK skipping: HW/HiSi [1], vivo [2] (case 3), Ericsson [3], Samsung [9], Nokia/NSB [14] (if supported), NEC [15], ETRI [18] (???), China Unicom [24], WILUS [27]
· Alt. 2 – Based on DM-RS detection / identification at the UE: vivo [2] (case 3/ case 4), IDC [21], Sharp [23], QC [28] (incl. sending special DM-RS for skipped SPS PDSCH occasions, see Fig. in Appendix [28]) , ZTE [13]
· Alt. 3 - Dynamic indication of skipped SPS PDSCH occasions: Sony [11], IDC [21], DOCOMO [26], QC [28]
· using MAC CE on PDSCH: Sony [11]
· DCI indicating multiple ‘skipped/non-skipped’ SPS occasions: QC [28] (see Fig. in Appendix [28])
· Alt- 4 – Identifying skipped SPS PDSCH based on counting actual transmitted SPS PDSCH (indicated by gNB): ZTE [13]
· 3 options mentioned: cycling e.g. using 4 different DM-RS sequences, SPS DAI piggy-backed on SPS PDSCH, MAC CE mapped on SPS PDSCH including the counter
· Alt- 5 – Identifying skipped SPS PDSCH based on jitter window : Apple [12]

When is the HARQ-ACK of a ‘skipped SPS PDSCH’ skipped:
· PUCCH transmission is skipped if PUCCH to only to carry skipped HARQ-ACK for SPS PDSCH(s): HW/HiSi [1], vivo [2], Ericsson [3], Samsung [9], Nokia/NSB [14] (if supported), NEC [15], ETRI [18] (??), WILUS [27]
· HARQ-ACK skipping in HARQ-ACK CB if skipped SPS PDSCH identified: vivo [2] (case 3)

Other apects: 
· Separately configurable for each SPS configuration: Nokia/NSB [14] (if supported)


3.1 First round of email discussions
Moderator comments: 
Based on the input contributions to this meeting, there seems to be a majority of companies suggesting specifying related enhancements – but there is also a sizeable number of companies to not support any related enhancements (or discuss with lower priority). Moreover, some companies discuss that they would only support a certain way to solve the problem (e.g. with/without skipped SPS PDSCH identification, with/without dynamic indication). 
It is therefore suggested to try to discuss the suggested alternatives to potentially provide related gains first that will give the group a better understanding of what to specify if supporting SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH. It is the moderators hope, that based on the first round of email discussions the alternatives would be better clarified and potentially the number of alternatives could be reduced for further discussions and considerations. 

Question 3.1: Companies to provide input on the Alternatives Alt. 1 to Alt. 4 which can be used to enable SPS HARQ-ACK skipping for skipped SPS PDSCH (yes / no for each alternative) as well as related comments.
· Alt. 1 - NACK skipping (without skipped SPS PDSCH identification)
· Alt. 2 – Based on DM-RS detection / identification at the UE
· Alt. 3 - Dynamic indication of skipped SPS PDSCH occasions 
· Alt. 4 – Identifying skipped SPS PDSCH based on counting actual transmitted SPS PDSCH (indicated by gNB) 
· Alt- 5 – Identifying skipped SPS PDSCH based on jitter window : Apple [12]


	Company
	Alt. 1
Y / N
	Alt. 2
Y / N
	Alt. 3
Y / N
	Alt. 4
Y / N
	Alt. 5   Y/N
	Comments

	vivo
	Y (1st preference)
	Y (2nd preference)
	N
	N
	
	For Alt.1, UE does not need to differentiate the case that the decoding of SPS PDSCH is failed and the case that SPS PDSCH does not exist. It simplifies the procedure and has less scheduling restriction at gNB side.
For Alt.2, for URLLC, the miss-detection is low enough, in order to let UE identify whether the SPS PDSCH is skipped, the DMRS sequence and/or time/frequency resource for the UE needs to be orthogonal with other UEs. 
For Alt.3 and Alt.4, additional signalling overhead is needed, it costs the DL overhead to save the UL overhead which is not necessary. 

	LG
	N
	N
	N
	N
	
	We don’t think specifying SPS skipping is not necessary. Without identification or UE identification, it may not reliable and some beneficial point be achieved by UE implementation or proposals in “SPS HARQ payload size reduction” issue.
With dynamic indication, it would like to point out gNB can control the number of active SPS configuration dynamically. If gNB want not to use SPS or use SPS occasionally, it is more reasonable to utilize SPS configuration with larger periodicity with dynamic scheduling. 

	Sony
	N
	N
	Y
	N
	
	Alt.1: Skipping NACK for non-skipped SPS PDSCH is not beneficial as gNB does not know whether UE missed detection or failed to decode the PDSCH.
Alt.2: DMRS detection is not feasible if the SPS resource is also used for another PDSCH (for another UE).
Alt.3: Dynamic signalling using MAC-CE would not increase any PDCCH overhead and avoid relying on UE having to detect for skipped SPS PDSCH.
Alt.4: Proposal is not clear.  

	Intel
	N
	N
	N
	N
	
	We are sceptical on the overall direction, as explained in cons summarized by FL.
Among the options, we only admit one corner case of skipping PUCCH containing only SPS HARQ-ACK and only all NACKs. However, as such this case is an optimization of rare events.

	Apple
	
	N
	N
	N
	Y
	UE power consumption is also a critical issue for the solution from overprovision. In our contribution, we proposed to use a jitter window to enclose the potential traffic arrivals with the IIoT or video packets. The UE does not decode PDSCH over occasions outside the jitter windows, and does not generate HARQ feedback for those occasions. With that, UE power consumption, PUCCH resource overhead, UL interference issues can be all addressed. 
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	Samsung
	Y
	N
	N
	N
	
	For Alt. 2, it needs additional RAN4 test and it finally affects UE implementation burden. No benefit from gNB side since SPS PDSCH resources should not reused for other UEs in order to enable DM-RS detection (as in DTX for UL). 
For Alt. 3, UE has another burden to detect dynamic indication, and it requires unnecessary PDCCH resource and needs new DCI format that is another side impact of specification works. DCI BLER needs to also be more accurate than HARQ-ACK BLER. 
For Alt. 4, no meaningful gain is justified since gNB can configure flexible period of SPS PDSCH.

	WILUS
	Y
	N
	N
	N
	
	NACK skipping would be beneficial to reduce UL interference and save UE’s battery consumption. One clarification is NACK skipping is only applicable to a PUCCH with all NACK for skipped/non-skipped SPS PDSCHs.
Regarding Alt.2 and 4, new PDSCH decoding procedures (e.g., detection of DM-RS sequence) are needed. Considering SPS periodicity is as small as 1-slot, it may result in higher power consumption and complexity at UE side. 
Regarding Alt. 3, additional DCI overhead is unavoidable and there are SPS HARQ-ACK size ambiguity between UE and gNB because the SPS HARQ-ACK size depends on the detection of dynamic indication.

	DOCOMO
	N
	N
	Y
	N
	
	For alt 1, it is only possible to skip a HARQ-ACK CB with all NACKs. If the HARQ-ACK CB with feedback for the skipped SPS PDSCH also includes feedback for ‘non-skipped’ SPS PDSCH, the HARQ-ACK transmission can be skipped only when the ‘non-skipped’ SPS PDSCHs are all corresponding to NACK. The use case is very limited. On the other hand, if gNB does not detect a PUCCH including SPS HARQ-ACK, it may be due to skipping with all NACKs or due to PUCCH miss-detection. 
For alt 2, SPS PDSCH DMRS detection is not reliable enough since the resource may be scheduled by other UEs. Moreover, if a SPS HARQ-ACK CB includes more than one SPS occasions, the DMRS detection error in any SPS occasion will impact the whole SPS HARQ-ACK CB. The performance may be degraded. 
Alt 3 can keep the same understanding on skipped SPS PDSCHs between UE and gNB. Moreover, alt 3 can always skip HARQ-ACKs for ‘skipped’ PDSCHs without additional requirement on the whole HARQ-ACK CB.
For alt 4, different HARQ-ACK CB construction scheme is introduced for SPS PDSCH and the spec impact seems significant.

	Huawei, HiSilicon
	Y
	N
	N
	N
	
	We support alt. 1 without identification of skipped SPS PDSCH. As long as it is NACK the UE can skip. If gNB doesn't detect the PUCCH transmission, then it knows that UE doesn't receive the PDSCH successfully in case gNB transmit PDSCH on the certain occasion.  
For Alt. 2, we doubt the reliability of DMRS detection, if UE detection is wrong, there the reliability of feedback would be effected.
For alt3 and alt 4, more signalling overhead would be introduced.

	Panasonic
	N
	N
	N
	N
	
	We share the view with LG and Intel. The gain of SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH is unclear compared to joint usage of dynamic scheduling. In our view, more flexible assignment of the resource by dynamic grant could reduce latency/reliability further.
For Option 2, how UE identifies the skipped PDSCH situation should also be carefully considered as DTX detection of SPS PDSCH can require better SINR condition than successful decoding of PDSCH depending on MCS choice

	CMCC
	FFS
	N
	Y
	N
	
	For alt 1, UE skips NACK without identifying skipped SPS PDSCH, this simplifies the procedure but it may be beneficial only for the case when a codebook with only DL SPS HARQ-ACK feedback and all of them are NACK.
For alt 2, the performance of SPS PDSCH DMRS detection may be not reliable enough due to intra-cell interference.
For alt 3, with skipped SPS PDSCH identification, it would be beneficial for type-2 HARQ-ACK codebook and SPS HARQ-ACK only case. Furthermore, dynamic indication can avoid misalignment between gNB’s and UE’s understanding about the codebook size.
For alt 4, the proposal is not clear to us.

	TCL
	Y
	N
	Y
	N
	
	Alt1. The NACK skipping scheme does not introduce additional signaling overhead and can save part of HARQ overhead. But NACK skipping should only apply if all HARQ-ACK bits in the PUCCH resource for SPS PDSCH are NACK.
Alt2. DMRS based UE detection may lead a risk of false detection or missed detection, which results in unaligned information between the UE and the base station. And this detection will also increase the complexity of UE implementation.
Alt3.Dynamic indication for skipped SPS PDSCH is more flexible and more direct. However, in what form to indicate to the UE needs FFS. 
Alt4. Not clear with the proposal, more clarification is needed.

	Spreadtrum
	Y
	N
	N
	N
	
	For Alt.1, since gNB is aware of the skipping of the SPS PDSCH transmission, there will not be ambiguous between DTX and failed decoding if gNB does not receive PUCCH.
For Alt.2, it may introduce more implementation complexity to UE, and if same resources are used for DL transmission, the performance may be affected. 
For Alt.3 and Alt.4, the related specification work may be large since many details need discussion if supported, and they will introduce extra signalling overhead. 

	ZTE
	N
	Y
	
	Y
	
	We support Alt4 and Alt2. 
Alt4 could identify the skipped PDSCH based on the counting, e.g. using 4 different DM-RS sequences, SPS DAI piggy-backed on SPS PDSCH, MAC CE mapped on SPS PDSCH including the counter. The insider counter of DAI or MAC CE could indicate the skipping SPS PDSCH. The different DM-RS could distinguish the skipping SPS PDSCH.
Alt2 is also a possible way to identify skipped PDSCH without specification work.
For Alt1, we found the NACK skipping is highly related to the ACK only in section 4.1, for example, skipping HARQ-ACK for skipped SPS PDSCH occasions also reduces codebook overhead. So we suggest discussing this in section 4.1 together.

	NEC
	Y
	N
	N
	N
	
	For alt.1, we support skipping PUCCH transmission if all HARQ-ACK bits in the PUCCH resource for SPS PDSCH only are NACK, it is very simple and has small specification impact.
For alt.2, the benefits of HARQ-ACK skipping relies on the skipped SPS PDSCH detection, we are not sure whether the DMRS detection is reliable or not.
For alt.3 and alt.4, the gain of introducing additional DL control overhead is not obvious.   

	Nokia, NSB
	Y
	N
	N / FFS 
	N
	N
	Alt. 1 & Alt. 3 are technically feasible, but our preference is Alt. 1 as this does not require any signalling (lower DL control overhead). Alt. 2 & Alt. 4 should not be considered further, as we don’t see them as technically feasible. 
Alt. 2: As discussed in our TDoc in [14], we think any detection of DM-RS will lead to scheduling restrictions at the gNB and a miss-understanding (wrong assumption on UE side) will create performance issues. 
With respect to Alt. 4 we are wondering, how this would help to know after a skipped SPS PDSCH that actually the previous SPS PDSCH occasion had been missing (and the HARQ may have been reported already). As the proposed signalling mechanism would only allow after knowing the ‘counter’ if a previous SPS PDSCH had been skipped.
Similar for Alt. 5, having a jitter window does not help the UE, as only after decoding the first SPS PDSCH successfully in order, I would know that the previous SPS PDSCH occasion within the jitter window had been skipped. This will only reduce the HARQ reporting for SPS PDSCH occasions within the jitter window following the actual allocation (but not before)

	OPPO
	N
	N
	N
	N
	N
	For Alt.1 , 
We support that it is not necessary to identify skipped SPS PDSCH or fail decoding for non-skipped SPS PDSCH. However, PUCCH containing only SPS HARQ-ACK and only all NACKs is a rare event. Moreover, uplink resource cannot be saved due to gNB does not know whether UE feedback HARQ-ACK or not and gNB always reserve uplink resource for HARQ-ACK feedback. So we do not support NACK skipping solution.
For Alt. 2, it may lead misunderstanding on HARQ-ACK codebook due to misdetection for DMRS.
For Alt.3 and Alt.4, additional signalling overhead is needed. 
For Alt5, we agree intention of Alt5 however it can be solved by reasonable SPS resource configuration.

	CATT
	N
	N
	N
	N
	
	For Alt.1, we think the benefit of HARQ-ACK skipping of SPS PDSCH is marginal given that the PUCCH transmission can be skipped only if all the HARQ-ACKs to be conveyed on the PUCCH are skipped, i.e. SPS HARQ-ACK only and all the HARQ-ACKs are NACK.
For Alt.2, the probability of PUCCH skipping is even less compared with Alt.1 and the benefit/motivation is not clear.
For Alt.3, it is not clear how gNB can predict whether to skip HARQ-ACK feedback for a SPS PDSCH occasion in advance.
For Alt.4, significant specification impact is expected and potential misalignment in terms of HARQ-ACK codebook size if the last indication is missed. In addition, the number of bits of the indication is expected to be limited which would restrict the max number of consecutive SPS PDSCH occasions that can be skipped
For Alt. 5, we think it can be discussed with Alt. 3 in section 4?

	MediaTek
	N
	N
	N
	N
	N
	We are don’t see any benefit in skipping NACK. In addition to the cons highlighted in the FL summary, we would like to emphasis the following issues:
· For periodic traffic, the SPS PDSCH is transmitted in all the SPS occasions. Thus, the probability of having skipped SPS PDSCH is very low limiting the advantage of skipping the HARQ feedback for a “skipped” SPS-PDSCH.
· For aperiodic traffic, DG-PDSCH is more spectrally efficient way compared to SPS-PDSCH. For DL, as the PDCCH and PDSCH can be FDMed or have no gap at all, the scheduling DCI doesn’t cause delay compared to UL transmission. Thus, using SPS-PDSCH for aperiodic traffic in not a typical scenario.
· The PUCCH resource will be reserved to the UE even if the UE skipped the HARQ feedback. So, there is no gain in terms of reducing the UL overhead.
· Skipping SPS HARQ when multiplexed with HARQ of DG PDSCH will complicate the HARQ cookbook construction, and offers no advantage as the PUCCH transmission can’t be skipped in that case.
We are strongly against any UE identification of “skipped SPS-PDSCH”.
Thus, we would like to see some evaluations for the claimed gains of this techniques before proceeding into the details of the scheme.
However, RAN1 can eliminate any UE identification of “skipped SPS-PDSCH”. 

	Ericsson
	Y
	N
	N
	N
	N
	Alt 1:
Alt1 is simple. It solves the issues of unnecessary UL/PUCCH transmission for 'skipped' SPS PDSCH. For Alt1, it should be clarified that the UE skips the PUCCH transmission associated to the only DL-SPS HARQ ACK feedback if all the HARQ-ACK bits are NACK. In case that there is at least one ACK bit in the codebook or when multiplexed with other HARQ-ACK bits of dynamically scheduled PDSCH, UE simply follows the existing behavior for reporting HARQ-ACK in the corresponding PUCCH to avoid misunderstanding between UE and gNB. 
When UE skips the PUCCH transmission with all NACK as described above, gNB is aware of whether SPS PDSCH was sent or not and would be able to identify the case of wrongly decoded SPS PDSCH. There is no need for UE to have an independent step to identify the ‘skipped’ SPS PDSCH. For the 'skipped' SPS PDSCH, UE will not be able to decode correctly which will result in NACK. When PUCCH carrying only NACK corresponding to SPS only, then the SPS HARQ skipping (skip PUCCH transmission) can be done.
Alt 2:
Alt2 is not preferred as it depends on UE implementation and can lead to error and thus misunderstanding between UE and gNB. It would also require RAN4 test case, etc.
Alt 3:
Alt3 can lead to high DCI overhead. Also, the information contained in the DCI can be complex if it should point to any multiple SPS occasions. There could also be a timeline issue which needs to be defined, e.g., time gap between PDCCH and the start of applicability of SPS occasion skipping indication.   
Alt 4:
Alt4 can lead to complicate solutions which is not preferred. With such solutions, it would be questionably why using DL SPS at all, when the proposed solutions make it similar to dynamically scheduled PDSCH (gNB  had to indicate dynamically what DL SPS are skipped).
Alt 5:
It has similar issues as Alt 2, when it becomes dependent on UE implementation and it is really not clear, how such solutions can be specified at least in RAN1 spec.



	InterDigital
	Y
	Y
	Y
	N
	
	Alt.1: more discussions are needed on the rules when to skip (e.g. all NACKs).
Alt.2/Alt.3: we are fine with the two ways to indicate the skipped DL SPS 
Alt.4: need to be clarified.

	Xiaomi
	Y
	Y
	N
	N
	
	For Alt.1, it is very simple and has small specification impact, no extra overhead. But gNB needs to identify whether UE missed detection or failed to decode the PDSCH.
For Alt.2, UE does not need to differentiate the case that the decoding of SPS PDSCH is failed and the case that SPS PDSCH does not exist. But there is also some misunderstanding when the DMRS is mis-detected.
Alt.3 and Alt.4 need additional signalling overhead, it costs the DL overhead and have large specification impact.

	Sharp
	N
	Y
	N
	N
	N
	Alt. 2 is the simplest way without spec efforts.

	Lenovo, Motorola Mobility
	N
	N
	N
	N
	
	NACK skipping may have very limited gain for UE power saving, unless the case of all NACK occurs often. 
Alt3 and Al4 would increase signaling overhead, so would defeat the merit of SPS. Alt2 would cause ambiguity in codebook construction, since identification at the UE may not be reliable.

	QC
	N 
(in case of frequency selective fading or beam blocking and short IIOT cycle (1-2 ms), reTx done without any channel knowledge)
	Y
(if the UE detects a specific DMRS sequence)
N
(if the UE uses PDSCH DMRS – due to lack of reliability)
	Y
(only if scheduler makes decisions for a number of IIOT cycles proactively)
	N
(latency of MAC CE in the order of 2.5 ms – no possibility to exploit emtpy SPS occurences)
	N
(skipped SPS can be observed in case of multiple SPS configurations for a single IIOT traffic flow)
	

	APT
	Y
	N
	Y
	N
	N
	For Alt.1, condition of NACK skipping may need to be clarified. For example, a NACK is skipped in a PUCCH containing only HARQ-ACK feedback of SPS PDSCH.
For Alt.3, some rules should be specified to ensure consistency of HARQ-ACK codebook size between gNB and UE even if UE does not detect or receive the indication.
For Alt.2, Alt.3 and Alt.5, HARQ-ACK codebook size depends on the condition of DMRS detection or SPS PDSCH receptions, which may not be reliable.



3.2 Second round of email discussions
Moderator comments for 2nd round: 
The following can be noted based on the feedback of the first round of email discussions: 
· 6 companies do not indicate support for any alternative (i.e. not support at all), they are also counted below
· Alt. 1 - NACK skipping (without skipped SPS PDSCH identification)
· 12x Yes, 11x No, 1x FFS 
· Arguments pros: simple
· Arguments against: gNB does not know if skipped SPS PDSCH or decoding failure (FL comment: gNB knows which SPS PDSCH it did not transmit, therefore there should not be any ambiguity) , only saving if all NACK (of skipped & non-skipped SPS PDSCH)
· Alt. 2 – Based on DM-RS detection / identification at the UE
· 6x Yes, 20x No
· 2 of these companies (QC, Interdigital) seem to imply that the detection should only be done by using a different DM-RS (i.e. not by DM-RS presence detection, but based on detection of an alternative / potentially orthogonal DM-RS) 
· Arguments pros: simple / low specification impact, no PDSCH decoding by UE
· Arguments cons: unclear if this is possible (DMRS or SPS PDSCH resource may be reused), test cases need to be defined, potential different understanding between gNB & UE / ambiguity
· Alt. 3 - Dynamic indication of skipped SPS PDSCH occasions 
· 7x Yes, 19x No, 1x FFS
· Arguments pros: UE power saving as no need to decode PDSCH (but DCI)
· Arguments cons: DCI signaling, additional DCI decoding at UE side, missed DCI will lead to consuming the PUCCH resource (no resource saving, as gNB needs to plan for it)
· Alt. 4 – Identifying skipped SPS PDSCH based on counting actual transmitted SPS PDSCH (indicated by gNB) 
· 1x Yes, 24x No
· Alt- 5 – Identifying skipped SPS PDSCH based on jitter window: Apple [12]
· Only very limited input available – 1x Yes – 6x No
· It has been commented, that this proposal seems to be more related to HARQ bundling (logical OR) as part of the SPS HARQ payload size discussion in Sec. 4/4.1 (Alt. 3 there) 
The intention of the second round would be at least to down-select to a few options for further discussions. A few notes here on the reasoning for the FL proposal below: 
· Alt. 1 is the only option, that got about the same number of supporting companies than saying no (12Y vs 12N). 
As this currently seems to be the only method having any chance of having some type of majority support, it is suggested to check if NACK skipping could be agreed
· For Alt. 2 – less than 1/4th of companies support this option. 4 companies seem to suggest supporting this as a simple solution (i.e. UE tries to identify the skipped SPS PDSCH based on SPS DM-RS presence detection).  Two companies (QC, IDC) seem to suggest that to have some different DM-RS transmitted to distinguish skipped & non-skipped SPS PDSCH (FL comment: this could also be interpreted as a method to dynamically indicate a skipped SPS PDSCH). 20 companies not supporting this overall.  Many companies seem to be specifically pointing out the drawbacks in terms of wasting PDSCH resources as well as ambiguity issues / detection reliability of DM-RS presence / DM-RS sequence.  
· For Alt. 3, about 1/4th of the companies support this option (7Y/19N/1F). In contrast to Alt. 2, there seems to be less worries on the technical feasibility, but the negative impacts of DCI overhead and the ambiguity are mainly mentioned by opposing companies. As this methods seems to get slightly more support and less companies question the feasibility of the method as such, the FL suggesting to further study this method. 
· For Alt. 4, no other company that the proponent is supporting this options. Therefore, FL suggesting to not consider this method any longer. 
· For Alt. 5, no other company that the proponent is supporting this options. Moreover, the FL would like to note here that having a restriction (e.g. by a window) on the valid SPS PDSCH occasions is actually not related to SPS PDSCH skipping, but a restriction of the SPS PDSCH grant in first place – i.e. it is not up to the UE dynamically to decide if to use the SPS PDCH, but more a type of configuration restriction.  
Due to both reasons, FL suggesting to not consider this method any longer.
To prevent any mis-understanding between companies (as seen in yesterdays GTW session), the intention here is to clearly state also what should be out-of-scope for further discussions (not discussed anymore). 

[bookmark: _Hlk55414293]Proposal 3.1: The following is to be agreed as part of the studies on HARQ-ACK skipping for ‘skipped’ SPS PDSCH
1. Support ‘NACK skipping’ for SPS PDSCH in Rel-17 (Alt. 1)
· Note: this can be used by gNB for skipped SPS PDSCH or as SPS PDSCH payload size optimization
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.) 
2. Do not continue studies on ‘skipping’ SPS PDSCH based on DM-RS detection / identification at the UE (Alt. 2) 
3. Continue to study the potential support of dynamic indication of skipped SPS PDSCH occasions (Alt. 3) 
4. Do not continue to study identifying skipped SPS PDSCH based on counting actual transmitted SPS PDSCH (Alt. 4) 
5. Do not continue to study identifying skipped SPS PDSCH based on jitter window (Alt. 5)

Companies are encouraged to provide their support on each of those ‘sub-proposals’, at least the FL hopes to be able to reduce the number of options for further consideration to 2 or maximum 3 (as especially Alt. 4 & Alt. 5 are only supported by the proponents themselves). 

	Company
	 (1)
Y / N
	(2)
Y / N
	(3)
Y / N
	(4)
Y / N
	(5)
Y / N
	Comments

	Apple
	Y
	
	
	
	N
	Regarding FL’s comment on Alt. 5 “having a restriction (e.g. by a window) on the valid SPS PDSCH occasions is actually not related to SPS PDSCH skipping, but a restriction of the SPS PDSCH grant in first place – i.e. it is not up to the UE dynamically to decide if to use the SPS PDCH, but more a type of configuration restriction”, actually if there is no SPS PDSCH within the jitter window, then the HARQ feedback for SPS PDSCH can be skipped. From that, Alt. 5 is also compatible with Alt. 1 and can be studied under Alt. 1, so we also support Alt. 1.
[Apple-2] We note the connection between Alt. 5 and Proposal 4.2.2 under Section 4, it more logically consistent to study Alt. 5 separately or as part of Alt. 1 along with Alt. 3 under Section 4.

	Sony
	Y
	Y
	Y
	Y
	Y
	For Alt-3, we proposed to dynamically indicate in MAC-CE of a transmitted SPS PDSCH to indicate whether subsequent SPS is/are skipped.  This would not increase the overhead issue raised by some companies.  Please also add this method in your description to Alt 3.
Another note Alt. 2, Alt 4 and Alt 5 proposed NOT to continue study and so we agree NOT to continue study these 3 alternatives.

	QC
	N
	Y
	Y
	N
	N
	N: stands for “do NOT support” (NOT to be considered in the 3rd round of discussions)
Y: stands for SUPPORT (TO BE CONSIDERED in the 3rd round of discussion) 
Comment for option 1: The benefit of option 1 is very marginal. There is no benefit when SPS HARQ-ACK multiplex with dynamic HARQ-ACK codebook. Because very likely dynamic HARQ-ACK codebook will have at least 1 bits ACK then the HARQ-ACK or empty SPS cannot be skipped. There is no benefit when >1 SPS HARQ-ACKs are multiplexed together, because again very likely there is a ACK for a non-empty SPS then the HARQ-ACK for empty SPS cannot be skipped. If all the HARQ-ACK in the codebook are for empty SPS, then it is an inefficient gNB resource scheduling; why gNB would overprovision resource for DL SPS so aggressively?
The only use case where there might benefit from this proposal is single CC, NO DG PDSCH (such as IIOT), balanced UL/DL TDD pattern so each UL has single bit HARQ-ACK feedback. But again, this is a very corner use case. We don’t see RAN1 need to design a solution just for this case.
Another significant drawback of option 1 is that it might not help prevent an error, in case of beam blocking (FR 2) or in case of deep (frequency selective) fading. Namely, in case of beam blocking, the UE might not decode anything in PDSCH DMRS and consider that the DL SPS occurrence is skipped. The UE does not transmit anything, assuming that everything is NACK. The network, not having detected any HARQ feedback, the network assumes that the UE did not receive the first transmission of the DL SPS occurrence. The network retransmits the DL SPS packet, but the network does not have any indication on better PRBs or beams to be used for the retransmission. The network might have had information on resources to be used for the retransmission if the UE had transmitted PUCCH.

	Intel
	
	
	
	
	
	Among the options we still do not see much value, however open to STUDY further Alt.1 and Alt.5.
(do not put Y/N to columns to avoid miscounting as already pointed out above)
We did not comment previously on Alt. 5 due to its later addition. But we are open to consider this issue, since similar issue/solution is being discussed in HARQ-ACK bundling/compression. We would like to avoid arguments that if Alt.5 is not studied further here, the jitter issue is not considered also as part of HARQ-ACK bundling.

	InterDigital 
	Y
	Y
	Y
	
	
	On sub-proposal 2, we are OK to not further study identification of skipping based on DMRS detection.

	Samsung
	Y
	Y
	N
	Y
	Y
	For Alt. 3, a UE configured for SPS PDSCH receptions needs to detect a DCI format scheduling HARQ-ACK – that is against the notion of SPS PDSCH. A network will also be burdened to transmit such DCI formats to many UEs that happen to receive SPS PDSCH (when the main reason for SPS PDSCH is to avoid PDCCH overhead). Another source of errors is introduced through the use of DCI formats that need to have lower BLER than the SPS PDSCH/PUCCH BLER to avoid an impact. Overall latency may also increase if the PDCCH transmission needs to be part of it. Specification effort will also be non-trivial. 

	DOCOMO
	N
	Y
	Y
	Y
	Y
	

	vivo
	Y
	
	N
	Y
	Y
	Y stands for support on corresponding sub-proposal by FL.
For Alt.1, it is beneficial for the case where multiple SPS configurations are configured for a given UE to reduce the jitter and/or resolve the periodicity mismatch between the IIoT traffic and SPS. It should be noted that those SPS resources can be used for other UEs since gNB knows which SPS PDSCH among those multiple SPS resources is used. We think it is one typical scenario for private network. 
For Alt.2, we are open to further study it if UE can identify skipped SPS PDSCH with sufficient reliability and with small specification impact.
For Alt.3, we did not see the benefits compared to Alt.1/Alt.2 with additional overhead.
To have more focused alternatives, we agree with FL, for Alt.4 and Alt.5, they should not be studied in future.

	ZTE
	N
	N
	Y
	Y
	Y
	We support bullet 2 and 3 being discussed in the third round. This means, we wish that we can continue studies on ‘skipping’ SPS PDSCH based on DM-RS detection / identification and  dynamic indication of skipped SPS PDSCH occasions

	CMCC
	
	
	
	
	
	Considering the limited scenarios that can be benefited from alt 1, we prefer to further study both alt 1 and alt 3. 

	Panasonic
	N
	Y
	Y
	Y
	Y
	On Option 1, instead of support, we are OK to continue to study the potential support of Option 1. In our view, the gain of SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH is unclear compared to joint usage of dynamic scheduling.

	Lenovo, Motorola Mobility
	
	Y
	N
	Y
	Y
	Alt3 would increase DCI signaling overhead, so would defeat the merit of SPS.

	WILUS
	Y
	
	N
	
	
	For Alt 3, even if dynamic indication of skipped SPS PDSCH occasion is supported, it cannot reduce HARQ-ACK overhead. For example, if a UE is configured with type-1 HARQ-ACK codebook, the HARQ-ACK CB size is fixed and independent to reception of the dynamic indication. If type-2 HARQ-ACK codebook is configured, the HARQ-ACK CB size depends on reception of the dynamic indication, which results in potential miss-understanding of the HARQ-ACK CB size (due to missing the dynamic indication). 

	Nokia,NSB
	Y
	Y
	Y
	Y
	Y
	Support the FL suggestions!
Agree with FL suggestions on what to specify, continue study and exclude from further studies

	Spreadtrum
	Y
	Y
	N
	Y
	Y
	For Alt. 3, the extra DL overhead and potential false alarm risk caused by DCI may not be able to compensate the saved UL codebook resource. 

	OPPO
	Y
	Y
	N
	Y
	Y
	The benefit from dynamic indication for “skipped SPS PDSCH” is not clear.

	TCL 
	Y
	Y
	Y
	Y
	Y
	We support FL’s proposal.
For Alt2, 4 and 5 should not be further studied.

	CATT
	N
	Y
	N
	Y
	Y
	Y stands for support FL’s proposal.
N stands for NOT support FL’s proposal.

For Alt.1, we share the same view as QC that the use case is limited so the benefit is marginal.
For Alt.3, it is still not clear to us how gNB can predict whether an SPS PDSCH occasion would be skipped.
For Alt.2/4/5, we agree with FL’s proposals.

	MediaTek
	
	
	
	
	
	As well already commented in the first round of email discussion, we don’t see any benefits in introducing SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH.

	Sony
	
	
	
	
	
	Note: For Alt-3 in addition to DCI, MAC CE can also be used as an indication. 

	Ericsson
	Y
	Y
	N
	Y
	Y
	Alt3 leads to high DCI overhead which would defeat the purpose of SPS. 

	NEC
	Y
	Y
	Y
	Y
	Y
	

	Huawei, HiSilicon
	Y
	Y
	N
	Y
	Y
	For Alt3, more signalling overhead would be introduced. We think this indication is not needed. As long as it is NACK the UE can skip. If gNB doesn't detect the PUCCH transmission, then it knows that UE doesn't receive the PDSCH successfully in case gNB transmit PDSCH on the certain occasion.  






3.3 Third round of email discussions
Moderator comments for 3rd round: 
Considering the large number of options here, the moderator has been feeling that further email discussions at this point for this large number of options is just not manageable and will not bring us much further. 
As a consequence, I just try to summarize the status of the current support of the different methods provided in the first and second round below. Maybe we could be able to reduce the number of options in one of the online calls to end up with a smaller amount of options to make a decision if to support at least one of the options (or to not support any in  the end). Please check below if your company positions are captured correctly (and add / correct with red color)!
· Alt. 1 - NACK skipping (without skipped SPS PDSCH identification)
· Companies supporting (14): vivo, Samsung, WILUS, HW/HiSi, TCL, Spreadtrum, NEC, Nokia/NSB, Ericsson, IDC, Xiaomi, APT, Apple, CMCC
· Companies not supporting (12): LGE, Sony, Intel, DOCOMO, Panasonic, ZTE, OPPO, CATT, MTK, Sharp, MotoLen, QC 
· Alt. 2 – Based on SPS DM-RS presence / identification at the UE
· Assumption here: SPS PDSCH including DM-RS is skipped, no additional signalling – i.e. blind identification
· Companies supporting (4): vivo, ZTE, Xiaomi, Sharp
· Companies not supporting (22): LGE, Sony, Intel, Apple, Samsung, WILUS, DOCOMO, HW/HiSi, Panasonic, CMCC, TCL, Spreadtrum, NEC, Nokia/NSB, OPPO, CATT, MTK, Ericsson, MotoLen, QC, APT, IDC
· Alt. 3 - Dynamic indication of skipped SPS PDSCH occasions 
· Note here: This may include dynamic indication by different methods including e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …
· Companies (8): Sony, DOCOMO, CMCC, TCL, IDC, QC, APT, ZTE
· Companies not supporting (18): vivo, LGE, Intel, Apple, Samsung, WILUS, HW/HiSi, Panasonic, Spreadtrum, NEC, Nokia/NSB, OPPO, CATT, MTK, Ericsson, Xiaomi, Sharp, MotoLen
· Alt. 4 – Identifying skipped SPS PDSCH based on counting actual transmitted SPS PDSCH (indicated by gNB) 
· Companies (1): ZTE 
· Companies not supporting (24): vivo , LGE, Sony, Intel, Apple, Samsung, WILUS, DOCOMO, HW/HiSi, Panasonic, CMCC, TCL, Spreadtrum, NEC, Nokia/NSB, OPPO, CATT, MTK, Ericsson, IDC, Xiaomi, Sharp, MotoLen, QC
· Alt- 5 – Identifying skipped SPS PDSCH based on jitter window: Apple [12]
· Companies (1): Apple
· Companies not supporting (or to not consider further) – (15): Nokia/NSB, OPPO, MTK, Ericsson, Sharp, QC, DOCOMO, Samsung, Sony, vivo, Panasonic, MotoLen, Spreadtrum, TCL, CATT

Comment from Apple:
Our understanding on the enhancements proposed under Section 3 are motivated by two use cases:
1. Non-integer periodicity of the actual IIoT traffic, e.g. 1200 Hz or 120 Hz periodic traffic. With over-provision, e.g. 3 SPS PDSCHs within a slot, then the UE needs to decode 3000 PDSCHs per seconds, among them 1200 are with actual PDSCH transmissions;
2. Jitter in the traffic arrival: We are fine to Alt.5  could be potentially considered as part of the Alt. 1 (and not as a stand-alone solution)

Comment from ZTE:
We can drop Alt 4 for the sake of progress.

3.4 Fourth round of email discussions
Moderator comments for 3rd round: 
As also pointed out by Mr. chairman during the GTW session (Wed. Nov. 11th), there is clearly a need to down-select to a smaller number of alternatives, so that companies will be able to more focused do their studies and evaluations of the options for discussion.
It is therefore suggested, that should try to do some down-selection to a smaller set of options here. The following proposal (also shared earlier by email before the GTW session) is therefore up for discussion here. The moderator hopes, that such agreement on putting a bit more focus of the studies to be agreed still in this meeting (by email). The thinking here is first, let’s try in the 4th round to get input included suggested wording changes using the drafts folder. In case there seems to be some convergence, we could move this to email (based on a stable text). But the intention here is getting input on suggested wording changes and if such agreement in principle would be OK for you. 
[bookmark: _Hlk55979826]Please note, this is only there to reduce the scope of the studies but does not mean that a company agreeing to the reduced study focus would be fine with all the methods listed. It should be clear from the summary of company positions noted in the previous Sec. 3.3 where companies stand!

FL Proposal 3.4: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.) 
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3) 
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …
Please provide your input below:
· Yes – if you support the proposal in principle. If suggesting any changes to the wording, please provide your suggested changes in the comments’ column (but do not change the proposal above as such to prevent comments from companies based on the wrong latest proposal, FL to provide update later one)
· No – otherwise (i.e. study focus is too narrow). Please consider also here the situation in terms of support for different options as noted in Sec. 3.3 above.  

	Company
	Yes / No
	Comments

	CATT
	No
	We would like to remove Alt. 3. For MAC CE based solution, we do not understand how gNB can know in advance which SPS PDSCH occasions would be skipped. For the DCI based solution, it is contradictory with the idea of using SPS from the perspectives of DCI overhead reduction and reliability. In addition, the reliability of HARQ-ACK feedback would be negatively impacted due to miss-detection of DCI indication or DM-RS.

	Intel
	Yes
	We are fine to move forward with the above proposal given the difficulty of the email discussions. But we also observe Alt. 3 may not have sufficient support to be kept on the table (8 vs 18), and would be even better to remove it this meeting

	vivo
	Yes
	We are also supportive to remove Alt.3 if possible in this meeting. 

	MediaTek
	No
	We agree with CATT’s comment.

	Sony
	Yes
	We are fine with the proposal as it is.  I agree with the FL, the aim is to narrow the scope rather than say what we dislike or like.
However, if companies want to narrow down further based on like and dislike, then we would like to remove Alt. 1 in this meeting.

	Nokia, NSB
	Yes
	We also prefer Alt. 1, but to be fair for the opponents of Alt. 3, there should be further discussion. This at least should not hold us back to go from 5 options down to 2. 

	Ericsson
	Yes
	With preference of removing Alt 3 for the reasons CATT explained. But that can also be done next meeting if we agree with this proposal this meeting.

	InterDigital
	Yes
	We support the FL proposal. 

	Apple
	Yes
	We are fine with proposal from FL

	Samsung
	No
	No reason for Alt.3 – using DM-RS is not possible and using DCI/MAC to indicate skipped SPS PDSCH to save few A/N bits makes no sense. It is also against the reasons of SPS PDSCH (to reduce DCI overhead, for potentially many UEs) and is not realistic to expect a network to support, especially with tight latency and BLER targets. Although number of ‘support/not support’ companies should not be a criterion, given that down-scoping is now also done by such consideration, it is noted that Alt.3 is not supported by a larger than a 2-to-1 margin.
Alt.1 needs to be properly phrased. As we previously commented, there is no such thing as ‘NACK skipping for (skipped) SPS PDSCH”. Either for ‘NACK skipping’ or for ‘ACK skipping’, we understand that the proposals are for the UE to not transmit PUCCH is all HARQ-ACK bits are NACK or ACK, respectively. 
Alt. 1 is not needed and can be considered together with Alt.2 (for proposal 4.3)

	Panasonic
	Yes
	We support the FL proposal.

	DOCOMO
	Yes
	We support the proposal.

	CMCC
	Yes
	We support the FL proposal to move forward.

	ZTE
	Yes
	We are fine with the proposal.  It will be flexible to keep 2 or 3 options as the result of down selection in this meeting.
From our perspective, if companies want to only one option left in this meeting, I suggest removing Alt. 1.

	OPPO
	Maybe Yes
	We shall view with CATT on Alt3. However, we understand we need to move forward progress and we fully support FL’s intention. 
We are confused that if company’s position on Alt 1 and 3 does not change next meeting (We guess it is quite possible), what should we do?  
Option 1 : Supporting both Alt 1 and Alt 3
Option 2:  Further narrow down for Alt1 and 3
According to above comments, it seems that proponents for Alt1 and 3 are against each other. So we suggest to further clarify direction for next step. 
Updated Proposal 3.4: For the studies on SPS HARQ skipping for skipped SPS PDSCH, further narrow down from the following reduced sets:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.) 
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3) 
FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS.
We also could accept FL’s proposal for sake of progress.

	Huawei, HiSilicon
	Yes
	We are fine with the proposal for progress.
However, we do agree with several companies above that Alt 3 should not be supported. As expressed before, it is either not reliable or will introduce more signalling, while seems benefit not justified yet.  

	QC
	Yes
	We support the FL proposal to limit the options in 2. The proposal is to go even further and limit the proposals only to Alt. 3, hence remove Alt 1. The reason is that the discussion about this feat
ure was initiated with the intention to:
i) Reduce UL interference
ii) Reduce UE power consumption
In case of ‘skipped’ (empty) SPS PDSCH occurrence. There has not been a clear description of the scenarios in which SPS PDSCH skipping is going to be often. In most common IIOT scenarios, SPS PDSCH skipping is not expected to happen often. Namely, if a couple of SPS PDSCH packets are skipped every several thousands of packets, the motivation for introducing any kind of solution, i.e. “all NACK skipping”, or “all ACK skipping”, so as to save a couple of HARQ messages every few thousands of PUCCH occasions, does not seem to be of any value. 
In case the proponents of this topic/feature had in mind scenarios of multiple SPS configurations for a single IIOT traffic flow, which seems to be the most realistic scenario for frequent SPS PDSCH skipping, then, there is a need to have a mechanism at the gNB indicating to UEs which one of the activated SPS configurations will be used at each IIOT cycle. This can be achieved by Alt 3. 
Only with Alt. 3, the network can reuse the initially reserved PUCCH resources which are not going to be used in the current IIOT cycle, and hence benefit the whole system. In addition, Alt 3 can be activated only when needed, i.e. only when multiple SPS configurations are activated for single traffic type.
Regarding “Alt 1”, in case of multiple SPS configurations for single IIOT traffic flow, the chances that the codebook is going to be consisted of all NACKs is negligible. In case of SPS A/N multiplexed with dynamic A/N, the chances that the codebook is going to be consisted of all NACKs is negligible, too. Therefore, the benefit of Alt1 is marginal. It is highly questionable if this feature is going to be used in a real network.
“Alt 1” entails the risk of an erroneous packet in case of beam blocking or in case of deep (frequency selective) fading-due to lack of educated radio link adaptation.
Alt. 3 is going to be used only in cases of multiple SPS configurations for a single IIOT traffic flow. In a system configured in this way, PDCCH resources are not expected to be scarce.
In Alt. 3 the proposal is to transmit this specific DCI only one of the configured SPS PDSCHs is empty. 

	APT
	Yes
	We support the FL’s proposal.

	Spreadtrum
	No
	Prefer to remove Alt.3, and agree with CATT’s comment. 

	LG
	Yes 
	We are fine with FL’s proposal as an narrow down considering limited time. 
If it is possible to narrow down furthermore, we prefer to remove Alt. 1



FL summary & comments on input based on version 102 of proposal FL Proposal 3.4:

· Support the proposal (16): Intel, vivo, Sony, Nokia/NSB, Ericsson, InterDigital, Apple, Panasonic, DOCOMO, CMCC, ZTE, OPPO, Huawei/HiSi, QC, APT, LG
· Do not support the proposal (4): CATT, Mediatek, Samsung, Spreadtrum
· Argument by these 4 companies: Remove Alt. 3 and only continue discussion on Alt. 1

The following facts and thinking here from FL:
· The 4 companies not supporting the proposal suggest removing Alt. 3 and only continue the discussion on the potential support for Alt. 1. 
· Some other companies mention the removal of Alt. 3 as well (e.g. E///, HW/HiSi) but could accept the proposal. 
· At the same time, 3 companies (ZTE, QC, LG) mention they are fine with proposal, but would suggest removing Alt. 1 and only keep Alt. 3
FL recommendation: We all know the positions as summarized in Sec. 4.3 of the different companies. I don’t think that further down-selection for future studies (i.e. we have not agreed to support anything yet, not clear that even a single method is to be supported) to either Alt. 1 (as preferred by companies supporting/seeing benefits of Alt. 3) or Alt. 3 (as preferred by companies seeing advantages for Alt. 1) will not be possible this time. 
Therefore, FL recommends to go with the current proposal to down-select to the two alternatives and discuss them further in the next meeting and make this a proposed agreement (to be handled through email). At least this will allow a more focused discussion in the future than the current status quo of having 5 alternatives still on the table.  

On other comments received: 
· Samsung: rephrasing for NACK skipping
· FL comment: I do technically agree with this comment – this was also the reason in the proposal to have the ‘skipped’ in brackets. But then there is this overlap issue with ‘non-skipped’ discussion in Sec. 4. I hope that we could leave it as it is for now, we anyhow would come back to the discussion on NACK skipping (including the details) in the next meeting.  
· OPPO to change the proposal to include further narrow down ‘down-select’
· FL recommendation: this can be discussed in future meetings. Please note that we have not even agreed to support any of these methods or to support HARQ skipping for skipped SPS-PDSCH at all. Therefore, FL suggestion is to keep the current status. 

3.5 RAN1#103-e outcome & RAN1#104-e outlook
The following agreements could be reached on this study area during RAN1#103-e:
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
1. ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
2. FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
2. Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
1. Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
3. FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Final RAN1#103-e moderator comments: 
Based on the discussions by companies, it would be good if companies could provide their input to RAN1#104-e on the two options which would still need further discussion / clarification to enable potential agreements 
· NACK skipping: 
· Configuration details: per SPS configuration vs. across all SPS configurations of a single CC / across all CCs
· When to skip the HARQ-ACK?
· PUCCH carrying ‘SPS NACK’ only – or also other cases? i.e. HARQ skipping or ‘PUCCH skipping’?
· Interaction with MAC operation
· Expected gains
· …
· Dynamic indication of skipped SPS PDSCH occasions: 
· Dynamic indication mechanism (DCI, MAC CE, specific DM-RS, …)
· When to skip the HARQ-ACK?
· PUCCH carrying ‘SPS NACK’ only – or also other cases? i.e. HARQ skipping or ‘PUCCH skipping’?
· Interaction with MAC operation
· Effect of missed dynamic indication
· Depending on the ‘when to skip the HARQ-ACK’
· Expected gains
· ….

4 SPS HARQ payload size reduction (of non-skipped SPS PDSCH) 
In this section, the company positions on the support as well as the related proposed Rel-17 enhancements to enable SPS payload size reduction (of ‘non-skipped’ SPS PDCH) are summarized.

Overall, the following input on the support of SPS HARQ payload size reduction was provided 
· Support: HW/HiSi [1], vivo [2], TCL [4], LGE [8], IDC [21], DOCOMO [26]
· No support: Ericsson [3], CMCC [7] (‘low’), Samsung [9] (‘deprioritize’), Sony [11] (small savings, low benefit), ZTE [13] (only for ‘skipped’ SPS PDSCH framework), MTK [20]
· Unclear: CATT [5] (can be considered)

The following alternatives have been described by different companies: 
· Alt. 1 - ACK skipping (NACK-only) : 
· Yes: HW/HiSi [1], vivo [2] (service specific), TCL [4], LGE [8], Panasonic [16] (for one or 2 bits only), WILUS [27], QC [28]
· No: NEC [15]
· Cons: Unclear benefit (Ericsson [3]), PUCCH resource anyhow needs to be reserved (CATT [5]), reliability issues (CMCC [7]), issues with Rel-16 intra-UE multiplexing (NEC [15])
· Alt. 2 - NACK skipping (ACK-only): 
· Yes: HW/HiSi [1], vivo [2] (service specific), TCL [4], WILUS [27]
· Cons: PUCCH resource anyhow needs to be reserved (CATT [5]), limited benefit for URLLC (CMCC [7]), ACK skipping more reasonable for URLLC (Panasonic [16])
· Moderator comment:  This method is also proposed to support SPS HARQ-ACK skipping of skipped SPS PDSCH. If this is supported there (in Sec. 3, no differentiation of skipped & non-skipped SPS PDSCH), then there would be no need to separately discuss the support for non-skipped SPS PDSCH. 
· Alt. 3 - HARQ bundling: 
· Yes: vivo [2] (e.g. for jitter handling), OPPO [1] (for jitter handling, only one HARQ fed back, see Figure 7 in Appendix [10]), Intel [17] (for jitter handling, logical ‘OR’ of grouped SPS occasions – see Fig. in Appendix [17]), ETRI [18] (same as Intel) 
· Cons: PUCCH resource anyhow needs to be reserved (CATT [5])
· Alt. 4 - HARQ-ACK disabling /skipping for certain SPS configurations: vivo [2] (service specific), CATT [5] (can be considered), Nokia/NSB [14], IDC [21] (?)
· Alt. 5 - Optimization of HARQ-ACK feedback taking into account that some SPS PDSCHs could not be transmitted due to HARQ-ID conflict of different SPS configurations: OPPO [10] (see Figure 6 in Appendix [10])
· Alt. 6 - Delaying of SPS HARQ-ACK for certain SPS PDSCH: IDC [21] (potentially based on UCI payload threshold)
· Alt. 7 - HARQ payload size reduction by source message compression: QC [28] (based on ACK probability) 

Vivo [2] discussed that different proposed methods may be useful for different use cases and may be configured by the gNB for one or a group of SPS configurations for a specific service (i.e. SPS configuration specific). Similarly, WILUS [27] noted that e.g. ACK or NACK skipping have advantages in different situations.

4.1 First round of email discussions
Moderator comments: 
Based on the input contributions to this meeting, there seems be not a clear majority to support related enhancements and the related suggested enhancements are rather divergent in the use case (i.e. different proposals may have advantages for different traffic requirements etc.). 
Therefore, it is suggested to not discuss (at this point) if in general to support related enhancements, but focus the discussions on each of the different alternatives. Maybe the group would be able to at least reduce the number of enhancements to be further discussed by the end of RAN1#103-e. 
Question 4.1: Companies to provide input on the different suggested methods, Alt. 1 to Alt. 7,  and related comments. 
· For easier compiling of the company positions, the moderator suggests to use ‘Yes’, ‘No’, and ‘FFS’ here for each of the suggested alternatives
· Companies are further encouraged to provide reasons for their positions
· See example below 

	Company
	Comments

	3GPP company
	Alt. 1: Yes – Reason: Reason for supporting Alt. 1
Alt. 2: No – Reason: Reason for not supporting Alt. 2
Alt 3: FFS – Reason: Reason why further clarification / consideration 
…


	vivo
	Alt. 1 - ACK skipping (NACK-only): Yes – Reason: useful for services requiring high reliability but relaxed latency requirement    
Alt. 2 - NACK skipping (ACK-only): Yes – Reason: useful for multiple configurations to support the service with non-integer number of SPS periodicity 
Alt. 3 - HARQ bundling: Yes – Reason: for SPS with shorter periodicity to handle the traffic jitter and/or periodicity misalignment. 
Alt. 4 - HARQ-ACK disabling /skipping for certain SPS configurations: Yes-Reason: if the HARQ-ACK feedback cannot be used to do re-scheduling due to delay requirement 
Alt. 5 - Optimization of HARQ-ACK feedback taking into account that some SPS PDSCHs could not be transmitted due to HARQ-ID conflict of different SPS configurations: No- Reason: for multiple SPS configuration, gNB can configure the parameter harq-ProcID-Offset to avoid the HARQ ID collisions between multiple configurations, so potentially little benefit may be achieved
Alt. 6 - Delaying of SPS HARQ-ACK for certain SPS PDSCH: No-Reason: less overhead reduction and impacts on HARQ-ACK feedback timeline for subsequent SPS PDSCH once one HARQ-ACK feedback is delayed. 
Alt. 7 - HARQ payload size reduction by source message compression: No-Reason: no additional benefits and with certain complexity compared to other simple Alternatives like ACK or NACK skipping. 


	LG
	Alt 1. Y – Reason: Error probability of URLLC transmission is quite low. Reliability of PUCCH transmission would bring unnecessary PHY re-transmission due to ACK-to-NACK error or RLC re-transmission due to NACK-to-ACK error. 
Alt 2. N – Reason: NACK information can be useful OLLA,
Alt 3. F – Reason: it can be a detail of other alternatives. 
Alt 4. F– Reason: it can be a detail of other alternatives. 
Alt 5. N – Reason: Not related to HARQ-ACK payload size reduction. 
Alt 6. N – Reason: Not related to HARQ-ACK payload size reduction.
Alt 7. N – Reason: it could be an option of alt. 3. It is not necessary to treat separately

	Sony
	Alt. 1 – N: PUCCH resource is already reserved for HARQ-ACK.  If it is not reserved it is unclear how a NACK would be transmitted when it happens.
Alt. 2 – N: PUCCH resource is already reserved for ACK.  Since NACK is rare, the overhead saving is tiny.
Alt. 3 – N: Unclear which group of HARQ-ACKs need to be bundled and how much PUCCH resource needs to be reserved.
Alt. 4 – N: HARQ-ACK feedback is useful to manage reliability, e.g. for very low BLER, gNB can make use of retransmissions to achieve the BLER target.
Alt. 5 – N: This seemed like a poor gNB configuration to lead to HARQ ID conflict.
Alt. 6 – N: This does not seem to reduce overhead as the HARQ-ACK is being transmitted in another PUCCH, which would therefore carry additional load.
Alt. 7 – N: This seems to be one method of HARQ-ACK bundling, i.e. belong to Alt. 3.

	Intel
	· Alt. 1 No. This option defeats the scenario and purpose of ultra-reliability due to DTX-to-ACK situations
· Alt. 2 No. The general mechanism would not work efficiently due to multiplexing with other bits, and considerably low probability of NACKs in URLLC classified scenarios
· Alt. 3 Yes. We support bundling for jitter handling when only 1 of M PDSCH is used by gNB in a SPS period
· Alt. 4 FFS. We are open to this alternative if there are such scenarios.
· Alt. 5 FFS. The issue needs to be checked first.
· Alt. 6 No. We assume this is discussed as part of section 2.
· Alt. 7 No. Since this compression loses HARQ-ACK information, it is not suitable for URLLC classified services

	Samsung
	Alt. 1: No – Does not work in case of a HARQ-ACK codeword, NACK skipping is preferred otherwise. 
Alt. 2: Yes – only support in case HARQ-ACK is only for SPS PDSCH on PUCCH
Alt. 3: No – DL performance/throughput loss, not worth saving few HARQ-ACK bits 
Alt. 4: No – No benefit in terms of URLLC performance. 
Alt. 5: No – this is controlled by gNB implementation, any benefit is marginal 
Alt. 6: No – Not clear additional benefit compared to SPS HARQ-ACK dropping for TDD
Alt. 7: No – DL performance loss

	WILUS
	Alt. 1: Yes – Reason: Considering target BLER for URLLC, ACK skipping may give a chance to skip transmitting PUCCH, which results in low UL interference and UE power consumption. 
Alt 2: FFS– Reason: it would be better to discuss NACK skipping (for ‘skipped’ and/or ‘non-skipped’ SPS PDSCH) in Q3.1 jointly.
Alt. 3/4: No at least for Type-1/3 CB, FFS for type-2 CB– Reason: type-1/3 CB size is not reduced even if bundling/disabling/skipping is supported. For type-2 CB, we are open to discuss HARQ bundling/disabling/skipping for type-2 CB since it can reduce type-2 CB size. 
Alt. 5: No – Reason: gNB may configure non-overlapping HARQ process number for different SPS PDSCH configurations. Use case is unclear.
Alt. 6: No – Reason: negative impact on latency of URLLC packet. 
Alt. 7: No -Reason: If it is understood correctly, the proposal is to generate HARQ-ACK information composed of states for 0 NACK(all ACK), 1 NACK, 2 NACKs …. In this case, even if gNB receives HARQ-ACK information with k NACKs where k>0, the gNB does not know which SPS PDSCH(s) should be retransmitted so that the gNB will retransmit all SPS PDSCHs. It can reduce HARQ-ACK size, but it results in unnecessary SPS PDSCH retransmission. 

	DOCOMO
	Alt. 1: Yes (conjunction with HARQ-ACK skipping for ‘skipped’ PDSCHs as in section 3) – Reason: Considering the high PDSCH reliability, we think HARQ-ACK bits are most ACKs for ‘non-skipped’ PDSCHs. If HARQ-ACK for ‘skipped’ SPS PDSCHs have been skipped, SPS HARQ-ACK CB is most likely to include all ACKs and ACK skipping can be applied.
Alt. 2: No -  Reason: We think NACK skipping is more proper to discussed in section 3 for ‘skipped’ SPS PDSCHs instead of in section 4 for ‘non-skipped’ SPS PDSCHs since the non-skipped PDSCHs are most likely to feedback ACK considering URLLC reliability.
Alt. 3: Yes (conjunction with HARQ-ACK skipping for ‘skipped’ PDSCHs as in section 3)  -  Reason: Similar consideration as Alt .1, HARQ bundling can be used to reduce HARQ-ACK payload size considering there are most ACKs to be reported when HARQ-ACK for ‘skipped’ PDSCHs have been skipped.
Alt 4: No -  Reason: The motivation is that some services don’t need feedback. But there isn’t any necessary relation for SPS configuration with a specific service 
Alt 5: No -  Reason: Complicated.
Alt 6: No -  Reason: Complicated to determine which SPS PDSCH to delay. On the other hand, why not configure a larger K1 value for these SPS configurations?
Alt 7: No -  Reason: Complicated.

	Huawei, HiSilicon 
	Alt. 1: Yes – Reason: In Rel-16 multiple DL SPS configurations have been introduced and each of them may support a periodicity of 1 slot. Considering that the reliability requirement could be 99.999% or even up to 99.99999%, and the period of each SPS configurations could be down to 1 slot, the UE would feed back ACK in most cases. In order to reduce the UL interference, the ACK corresponding to DL SPS transmissions could be skipped and NACK-only feedback could be used instead.  Saving PUCCH resource is not the main motivation, other benefits like avoiding unnecessary interference and save some power saving at the UE side is promising also.
Alt. 2: Yes – Reason: A misalignment between TSC traffic and the SPS periodicity was identified during Rel-16. The RAN2 conclusion was to use multiple SPS configurations to address the issue, and in some cases it even requires 8 SPS configurations for only one traffic. The consequence is that PDSCH skipping would thereby generate unnecessary NACK feedback. So NACK could also be skipped for this case. In addition, similar as NACK skipping for skipped PDSCH, NACK skipping for non-skipped PDSCH is helpful also, and we prefer uniform solution applied to both cases. 
Alt. 4: Yes- Reason: HARQ-ACK disabling could be used when the PDB is too stringent to allow retransmission opportunities, where only one-shot transmission is permitted. The overhead would be decreased.
Alt. 6: No - Reason: don’t understand，more clarification is needed.
Alt. 7: No- Reason: too complicated and the benefit should be clarified.

	Panasonic
	Alt.1: Yes/FFS - Just to send only ACK on PUCCH instead of to transmit both ACK and NACK can reduce the uplink interference levels as the majority is ACK if lower initial BLER is targeted and DTX/NACK is not distinguished in some of the network operations. However, if the HARQ codebook is involved, the merit of ACK or NACK skipping is unclear. If HARQ-ACK codebook is used, in order to ensure aligned codebook size between gNB and UE, both ACK and NACK would be reported.
Alt.2: No - The majority is ACK if lower initial BLER is targeted and then, ACK skipping could provide more reasonable gain in URLLC operation.
Alt.3: FFS - We are open to this alternative. It might be beneficial for SPS with shorter periodicity to handle the traffic jitter and/or periodicity misalignment.
Alt.4: Yes - Disabling HARQ-ACK feedback for SPS could be considered assuming sufficiently lower BLER.
Alt.5: No - It could be gNB implementation issue.
Alt.6: No - The benefit is unclear while it would impact to the latency.
Alt.7: No - The gain is unclear compared to Alt.3.

	CMCC
	Alt.1 : No – Reason: gNB may have the ambiguity between the missed NACK and skipped ACK and not sure of whether the corresponding PDSCH is successfully received or not.
Alt.2: FFS– Reason: UE skips NACK without identifying skipped SPS PDSCH, this simplifies the procedure but it may be beneficial only for the case when a codebook with only DL SPS HARQ-ACK feedback and all of them are NACK.
Alt.3: No– Reason: may cause DL throughput loss
Alt.4 FFS– Reason: The appliable scenario is not clear to us.
Alt 5 No– Reason: can be avoided by gNB implementation
Alt 6 No– Reason: This does not seem to reduce overhead since another PUCCH resource set may be determined based on UCI payload size
Alt 7 No– Reason: Complicated.

	TCL
	Alt. 1 Yes – For URLLC service, it has a low probability of NACK feedback, the PUCCH control signaling overhead can be reduced by a UE only transmitting a NACK.
Alt. 2 Yes – It is beneficial to multiple SPS configurations.
Alt. 3 Yes – HARQ bundling could be used for jitter handling.
Alt. 4 FFS –We are open to this alternative, but need more detailed discussions.
Alt. 5 No – Not clear with this alternative, more clarification is needed.
Alt. 6 No –Does not reduce the HARQ payload size but increases the feedback delay.
Alt. 7 No –Too complicated compared to other alternatives.

	Spreadtrum
	Alt. 1: Yes– Considering the low BLER of URLLC, the probability of ACK skipping may be high, which can save PUCCH resource and avoid UL interference. 
Alt. 2: FFS – NACK skipping is mainly useful for ‘skipped’ SPS PDSCH case. 
Alt. 3: FFS – Can somehow save feedback bits, but the DL scheduling flexibility may be reduced. 
Alt. 4: No – It seems not be applicable for SPS PDSCH case. 
Alt. 5: No – Similar function can be achieved by gNB scheduling. 
Alt. 6: No – Complexity is high and payload size is not reduced actually. 

	ZTE
	Alt1, Yes. -It is better for URLLC service as the possibility of NACK is very low, leading to the lower codebook overhead and less PUCCH transmission.
Alt2, No. –It is hard to combine with Alt1.
Alt4, Yes. -HARQ-ACK disabling /skipping for certain SPS configurations can simply reduce the overhead of HARQ-ACK, especially for the high-reliability services that do not have enough time for retransmission.

	NEC
	Alt. 1: No – The benefits is limited and it may impact the Rel-16 intra-UE multiplexing/prioritization behaviour.
Alt. 2: Yes – The alt.1 of section 3 can also be applied for non-skipped SPS PDSCH.  No need to differentiate skipped & non-skipped SPS PDSCH
Alt. 3: F – It can be further studied if there is use case, e.g., for jitter handling.
Alt. 4: F – We are fine to further study it if there is use case.
Alt. 5: No – It can be controlled by gNB. 
Alt. 6: No – Not clear of the benefits.
Alt. 7: No – Complicated.  

	Nokia, NSB
	Alt. 1: No – Reason: We are slightly negative on ACK-skipping. Even though this alternative is the one fitting best to the nature of URLLC traffic (where BLER targets and NACK probability are expected to be low), it has the drawback that PUCCH resources need to be reserved to the UE anyway, and the savings/benefits are mainly limited to the case of HARQ-ACK for SPS only where all the bits in the codebook are ‘ACK’. Also, if ACK-skipping would be configured per SPS configuration, it would also be required that ‘ACK skipping’ is enabled for all the SPS configurations mapped to the PUCCH.
Alt. 2: FFS – (Yes, if enhancements for ‘skipped’ SPS PDSCH are to be supported) – Reason: The use case of this alternative is mainly ‘non-integer periodicities’ or non-periodic traffic where the gNB may skip/not utilize some of the SPS PDSCH. This use case is not clear to us since the gNB may better operate with dynamically scheduled PDSCH in the first place. Also, the drawbacks pointed out for Alt. 1 also apply here. 
Alt 3: FFS (for jitter handling) – Reason: General bundling of multiple SPS HARQ-ACK bits is not preferred since it may impose several restrictions for the HARQ-ACK timing of dynamic PDSCH to avoid the out-of-order HARQ-ACK issue (among other issues expressed in our previous Tdoc R1-2006339). For jitter handling, we need further study.
Alt 4: Yes – Reason: it is a simple solution in which the gNB does not need to reserve/decode PUCCH resources, and the payload reduction ‘gain’ can be obtained even when the SPS HARQ-ACK would be multiplexed with dynamic traffic or other SPS PDSCH HARQ-ACK. Further details are found in our Tdoc 
Alt5: No – Reason: The example proposed by Oppo seems like a gNB misconfiguration issue. The gNB shall configure nrofHARQ-Processes and harq-ProcID-Offset such that ‘nearby’ (time-domain wise) SPS PDSCHs do not use the same HARQ process IDs. 
Alt6: No - Reason: No clear benefits. Could result in potential OoO HARQ operation and the motivation is unclear in first place. 
Alt 7: No – Reason: The benefits are insufficient or marginal from our point of view. First of all, significant HARQ-ACK payload reduction is only obtained when multiplexing a large number of SPS HARQ-ACK bits on a same PUCCH (e.g. 10 bits compressed down to 4 bits as per the example in [28]), which seems not very realistic. For the case where there is HARQ-ACK information for e.g. only 4 SPS PDSCHs, the UCI payload could be reduced to no less than 3 HARQ-ACK bits thus the gain is very small. Besides, it requires that all the SPS PDSCHs have similar NACK probability; when mixing use cases with low NACK probability and high NACK probability (e.g. due to overprovisioning), this alternative seems not appropriate.


	OPPO
	Alt.1: No – Reason: PUCCH resource anyhow needs to be reserved and gNB needs to blind decoding PUCCH for HARQ-ACK.
Alt.2: No – Reason: PUCCH resource anyhow needs to be reserved and gNB needs to blind decoding PUCCH for HARQ-ACK. Moreover,  only all NACKs is a rare event
Alt.3: YES – Reason: Jitter is a typical problem in IIoT. To solve jitter problem, multiple SPS PDSCHs, or multiple SPS configurations are configured for one service. During service periodicity, at most one SPS PDSCH will be transmitted, then only one HARQ-ACK bit is necessary. HARQ-ACK bundling can improve PUCCH efficiency and reliability without missing any useful information.
Alt.4: YES – Reason: Considering low latency, for SPS transmission, there is no time budget to retransmission and HARQ-ACK feedback is not necessary. 
Alt.5: YES – Reason: It's essentially an enhanced Type-3 CB, related to option 2 in section 2.1. It can improve PUCCH efficiency and reliability.
Alt.6: No – Reason: It is not related with HARQ-ACK payload size reduction
Alt.7: No – Reason: Details on source message compression is not clear

	CATT
	Alt. 1 - ACK skipping (NACK-only): No – Reason: Similar as SPS HARQ-ACK skipping, the use case is limited when PUCCH transmission can be skipped and less reliable due to potential DTX to ACK. 
Alt. 2 - NACK skipping (ACK-only): No – Reason: as commented in Q3.1.  
Alt. 3 - HARQ bundling: FFS
Alt. 4 - HARQ-ACK disabling /skipping for certain SPS configurations: Yes – Reason: gNB can configure whether HARQ-ACK is needed for each SPS configuration based on the requirement of the service.
Alt. 5 - Optimization of HARQ-ACK feedback taking into account that some SPS PDSCHs could not be transmitted due to HARQ-ID conflict of different SPS configurations: No- Reason: it can be avoided by proper gNB configuration.
Alt. 6 - Delaying of SPS HARQ-ACK for certain SPS PDSCH: No-Reason: no HARQ-ACK overhead reduction overall and additional delay of HARQ-ACK feedback. 
Alt. 7 - HARQ payload size reduction by source message compression: No-Reason: it cannot provided the HARQ-ACK information gNB needs for retransmission in some cases leading to unnecessary retransmissions.

	MediaTek
	Alt. 1: No PUCCH resource anyhow needs to be reserved and gNB needs to blind decoding PUCCH for HARQ-ACK. An impact to the feedback reliability because of the impact to the DTX-to-NACK and ACK-to-NACK errors.
Alt. 2: No. very limited benefit.
Alt. 3: FFS
Alt. 4: FFS
Alt. 5: No 
Alt. 6: No
Alt. 7: No. Could be considered for intra-UE multiplexing schemes. 

	Ericsson
	Alt 1: No – Reasons: Not needed due to unclear benefit. It is applicable if PDSCH is always scheduled with very low target BLER, e.g., 10-5 which is not necessary the case. There exist a wide range of reliability and latency requirements for URLLC use cases. It also depends on scheduling strategy when it comes to link adaptation, e.g., first transmission may not need very low target BLER to optimize spectral efficiency.
Alt 2: Yes.  Reasons: As FL mentioned, this is also discussed in Section 3.
Alt 3-Alt 7: No -  Reasons: Unclear benefit of payload size reduction. PUCCH coverage can be compensated and controlled by proper allocation of PUCCH resources. Solution based on bundling rule can lead to unnecessary retransmissions of PDSCHs which result in worse resource efficiency or even worse reliability which is crucial for URLLC. 
The gain of disabling HARQ-ACK feedback is visible only for use case requirement with very strict reliability and latency, i.e., only single-short DL transmission is allowed and there is no time for retransmission. The benefit is the reduced # of UE UL feedback transmissions when there are many DL transmissions such as SPS with low periodicity. However, the drawback is that there is no feedback to help in link adaptation in case retransmission is possible. It is not clear how much we can gain in general. There is a parallel discussion on enhancing the feedback to multi-bit HARQ-ACK to make it more useful for outer loop LA in case of high reliability PDSCH. In that sense, feedback can still be processed by gNB and used in LA for future DL transmission.


	InterDigital
	Alt. 3 Yes – Reason: bundling HARQ A/Ns for some DL SPSs can help reducing the payload size if the UCI payload is high.
Alt. 4 Yes – Reason: disabling the HARQ A/Ns either semi-statically or dynamically can help reducing the UCI payload. 
Alt. 5 No – Reason: The problem can be avoided by proper gNB configuration.
[bookmark: _Hlk55307225]Alt. 6 Yes – Reason: In case the UCI payload size is large, delaying the transmission of HARQ-ACK feedback corresponding to DL SPS PDSCH having large periodicity can help reducing the overhead. The gNB can request the status of the delayed HARQ using HARQ CB3 
Alt. 7 No – Reason: this is a sub-option of HARQ-ACK bundling approach.

	Xiaomi
	Alt. 1 - ACK skipping (NACK-only): Yes – Reason: useful for services requiring high reliability Error probability of URLLC transmission is quite low, so the performance gain of ACK skipping will be significant.
Alt. 2 - NACK skipping (ACK-only): Yes – Reason: useful for multiple configurations to support the service with non-integer number of SPS periodicity 
Alt. 3 - HARQ bundling: Yes – Reason: it is beneficial to SPS with shorter periodicity.
Alt. 4 - HARQ-ACK disabling /skipping for certain SPS configurations: Yes-Reason: if there is some suitable scenarios.
Alt. 5 - Optimization of HARQ-ACK feedback taking into account that some SPS PDSCHs could not be transmitted due to HARQ-ID conflict of different SPS configurations:FFS
Alt. 6 - Delaying of SPS HARQ-ACK for certain SPS PDSCH:   FFS
Alt. 7 - HARQ payload size reduction by source message compression: No-Reason:  it is too complicated

	Sharp
	Alt 1. N – Reason: We have concerns on the reliability. 
Alt 2. N – Reason: It is not suitable to URLLC.
Alt 3. FFS – Reason: We are open to this alternative. Bundling could be an effective way to reduce payload size. 
Alt 4. FFS – Reason: We are open to this alternative if reliability is not an issue. 
Alt 5. N – Reason: The benefit is unclear. 
Alt 6. N – Reason: The benefit is unclear.
Alt 7. N – Reason: The benefit is unclear.

	Lenovo, Motorola Mobility
	Alt. 1: No – ambiguity in HARQ-ACK codebook construction. 
Alt. 2: No – ambiguity in HARQ-ACK codebook construction
Alt. 3: Yes – – Similar view as DOCOMO to allow HARQ-ACK bundling in combination with HARQ-ACK skipping for certain SPS PDSCH 
Alt. 4: Yes – For some service requirements, re-transmission may not be possible and allowing only one transmission may be needed. Thus, HARQ-ACK feedback can be disabled. Also, skipping HARQ-ACK feedback of some SPS PDSCHs according to configuration can reduce HARQ-ACK payload size.   
Alt. 5: No – gNB implementation can avoid HARQ-ID conflicts of different SPS configurations.
Alt. 6: Yes – As long as feedback is within the max allowed delay limit, can delay and transmit HARQ-ACK in a later PUCCH/PUSCH resource, to guarantee HARQ-ACK reliability
Alt. 7: No – the benefit is unclear compared to complexity

	QC
	· Alt. 1 (‘NACK-Only’) Yes. Reason - Less UL interference & less UE power consumption
· Alt. 2 (‘ACK-Only’) No. Reason - No gain in terms of UL interference and UE power consumption. Issue with severe frequency selective fading or blocking.
· Alt. 3 (‘HARQ Bundling’) No. Reason – Gain only in the scenario of jittery traffic pattern and multiple SPS configurations for single traffic flow. Possible to solve this case when there is initial RRC handshake for single SPS occurrence among all active SPS configurations within a cycle. HARQ bundling is a special case of Alt 7 (HARQ compression).
· Alt. 4 (‘HARQ-ACK disabling /skipping for certain SPS configurations’): Maybe to alternative more generic proposal (see below).  Reason – resource efficiency. The proposal can be generalized for the IIOT cycles in which reTx is beyond the packet expiration time.
· Alt. 5 (‘Optimization of HARQ-ACK feedback taking into account that some SPS PDSCHs could not be transmitted due to HARQ-ID conflict of different SPS configurations’). No. Reason – Problem addressed (see Figure 6 in Appendix [10]) should not happen with proper SPS configuration. If it happens, gNB implementation can solve this problem. 
· Alt. 6 (‘Delaying of SPS HARQ-ACK for certain SPS PDSCH’) No. Reason – Benefit unclear and if there is some, then of very limited use. In addition, the solution increases latency.
· Alt. 7 (‘HARQ payload size reduction by source message compression) Yes.  Reason – reliability enhancement.  HARQ-ACK payload size compression is an effective solution to improve the reliability of HARQ-ACK feedback. For example, with compression of K bits to K/2 bits, Eb/N0 is increased by 3dB, which brings directly 3dB gain for HARQ-ACK BER.

	APT
	Alt 1. N – Reason: PUCCH resource needs to be reserved in case NACK needs to be reported. 
Alt 2. N – Reason: PUCCH resource needs to be reserved in case ACK needs to be reported. The method may be supported if it is agreed to support NACK skipping for skipped SPS PDSCH.
Alt 3. Y – Reason: The scheme may be beneficial if bundling is based on some rules and semi-static configuration. 
Alt 4. Y – Reason: It may be beneficial to semi-statically disable HARQ-ACK feedback for some SPS configurations that do not require HARQ-ACK feedback. 
Alt 5. N – Reason: The issue can be resolved by gNB implementation. 
Alt 6. N – Reason: The benefit is unclear.
Alt 7. N – Reason: The benefit is unclear.



4.2 Second round of email discussions
Moderator comments for 2nd round: 
The following can be noted based on the feedback of the first round of email discussions: 
· Alt. 1 - ACK skipping (NACK-only) : 
· 11 companies supporting ACK skipping and 13 companies indicate to not support this. 
· In contrast to other alternatives, there is just a single company with ‘Yes/FFS’ – all other companies seem to have a clear firm opinion. 
· FL suggestion: Continue discussing this option, with more details on the operation especially when the ACK is to be skipped to be provided by the proponent companies to prevent any CB size ambiguity (skipped ACK SPS only / skipped ACK SPS & other SPS HARQ /  Type 1 CB with skipped ACK / Type 2 CB with skipped ACK). 
· Alt. 2 - NACK skipping (ACK-only): 
· 6 companies support this option, mainly motivated by non-integer SPS operation and SPS skipping (of Sec. 3), 5 companies indicate as FFS and 13 companies indicate as no (partially with the limited advantages for URLLC, also referring to the skipped SPS issue discussed in Sec. 3)
· Therefore, the FL is proposing to not discuss the NACK skipping for non-skipped SPS PDSCH any longer. NACK skipping is anyhow part of skipped SPS PDSCH discussion.  
· Alt. 3 - HARQ bundling: 
· 8 companies support HARQ bundling (mainly for jitter handling), 9 companies indicated FFS (part of them as the jitter handling would need to be clarified) and 6 companies indicate NO. 
· FL suggestion here would be to study this further with focusing on the jitter handling mentioned by plenty of companies (and clarify how this could be defined, especially considering multiple SPS configurations within one HARQ bundle). General HARQ-ACK bundling (without jitter considerations) seems to get very little support as having large impact on performance. 
· Alt. 4 - HARQ-ACK disabling /skipping for certain SPS configurations: 
· 11 companies supporting, 8 companies indicating FFS, 6 companies indicating no. 
· Fl comments: 
· Overall, there seems to be good support for this. At least this should be further studied (or maybe we could try to see if the group would be willing to agree to support this).
· As the HARQ disabling for certain SPS configurations is higher-layer configured, in contrast to Alt. 1 & 2, there should be any ambiguity on the HARQ-ACK CB size for Type 2 CB with non SPS HARQ or SPS HARQ feedback only. RAN1 would only need to discuss the behaviour for having a Type 1 CB transmission including non SPS HARQ. 			
· Alt. 5 - Optimization of HARQ-ACK feedback taking into account that some SPS PDSCHs could not be transmitted due to HARQ-ID conflict of different SPS configurations: 
· 1 company supporting, 2 companies indicating FFS. 20 companies suggesting to not consider this further. 
· As a consequence, FL suggesting to not consider this option anymore.
· Alt. 6 - Delaying of SPS HARQ-ACK for certain SPS PDSCH: 
· 2 companies supporting, 1 company indicating FFS, 22 companies suggesting to not consider further
· As a consequence, FL suggesting to not consider this option anymore.
· Alt. 7 - HARQ payload size reduction by source message compression: 
· Only a single company (the proponent) to support this option. >20 companies indicating no interest to peruse this further. 
· As a consequence, FL suggesting to not consider this option anymore. 

Therefore, the following two proposals are brought forward – one proposal on what to pursue further, and one for which alternatives should not be studied any further. 

Proposal 4.2.1: The following is to be agreed as part of the studies on HARQ-ACK payload size reduction for ‘non-skipped’ SPS PDSCH
1. Do not continue the studies on supporting ‘NACK skipping’ (Alt. 3) 
· Note: ‘NACK skipping’ can be further considered for ‘skipped’ SPS PDSCH  
2. Do not continue on supporting optimizations of HARQ-ACK feedback taking into account that some SPS PDSCHs could not be transmitted due to HARQ-ID conflict of different SPS configurations (Alt. 5)
3. Do not continue the studies on supporting delaying of SPS HARQ-ACK for certain SPS PDSCH (Alt. 6)
4. Do not continue the studies on supporting HARQ payload size reduction by source message compression (Alt. 7)
Companies are encouraged to provide their support on each of those ‘sub-proposals’, which seems to be reflecting a clear majority of companies’ positions (specifically Alt. 5/6/7). 
	Company
	 (1)
Y / N
	(2)
Y / N
	(3)
Y / N
	(4)
Y / N
	Comments

	Sony
	Y
	Y
	Y
	Y
	

	QC
	Y
	Y
	Y
	N
	Y stands for agreement with the FL proposal, i.e. do not continue studies on Alt 3, 5, 6
N stands for disagreement with the FR proposal, i.e. continue studies on Alt 7. Alt 7 is a solution which contains the initial Alt 3 (bundling). Therefore, needs to be considered. Actually, as several companies replied in the first round of email discussion, Alt 3 and Alt 7 can be merged, because bundling is just a special way to do compression. Therefore, we suggest to merge Alt 3 and 7 as following
· Alt. 3 - HARQ bundling/compression: 


	Intel
	Y
	Y
	Y
	Y
	Agree, seems a natural conclusion from the first round.

	InterDigital
	Y
	Y
	Y
	Y
	

	Samsung
	Y
	Y
	Y
	Y
	

	DOCOMO
	Y
	Y
	Y
	Y
	

	vivo
	Y
	Y
	Y
	Y
	For 1, our understating is it will be studied in “SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH”. 

	ZTE
	Y
	Y
	Y
	Y
	Not continuing studies on Alt 2, 5, 6, 7. We support Alt1 and 4. 

	CMCC
	Y
	Y
	Y
	Y
	

	Panasonic
	Y
	Y
	Y
	Y
	

	Lenovo, Motorola Mobility
	Y
	Y
	Y
	Y
	

	WILUS
	Y
	Y
	Y
	Y
	

	Nokia
	Y
	Y
	Y
	Y
	Although we think overall that NACK skipping in (1) could be support overall, we agree that the motivation to have it for skipped SPS is clearly higher, so only considering it there is fine for us. 

	Spreadtrum
	Y
	Y
	Y
	Y
	

	OPPO
	Y
	Y
	Y
	Y
	

	LG
	Y
	Y
	Y
	Y
	

	TCL
	Y
	Y
	Y
	Y
	

	CATT
	Y
	Y
	Y
	Y
	

	MediaTek
	Y
	Y
	Y
	Y
	

	Ericsson
	Y
	Y
	Y
	Y
	For question (1), NACK skipping should still be discussed in SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH.

	NEC
	Y
	Y
	Y
	Y
	

	Huawei, HiSilicon
	N
	Y
	Y
	Y
	We think ‘NACK skipping’ can be further considered for ‘none skipped’ SPS PDSCH  in section 3.2. unified solution could be used.




Proposal 4.2.2: The following is to be agreed as part of the studies on HARQ-ACK payload size reduction for ‘non-skipped’ SPS PDSCH
1. Continue the studies on supporting ACK skipping (NACK-only) SPS HARQ feedback (Alt. 1)
· Including beside other details specifically the ACK skipping behaviour to prevent UE / gNB ambiguities for different codebook types and mix of SPS and non-SPS HARQ
2. Continue the studies on supporting HARQ bundling for jitter control (Alt. 3)
· Including beside other details specifically how to define the bundling window across different SPS configurations of the same or different serving cells. 
3. Support HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4) 
· The skipping / disabling is higher-layer configured per SPS configuration
· FFS: HARQ-ACK skipping behaviour for Type 1 CB
Companies are encouraged to provide their support on each of those ‘sub-proposals’, which are based on the input received in the first email round

	Company
	 (1)
Y / N
	(2)
Y / N
	(3)
Y / N
	Comments

	Sony
	N
	N
	N
	

	QC
	Y
	N
	Y
	Beam sweeping can be applied in case of NACK, especially at FR 2. This is the solution to be applied so as to resolve the ambiguity in case of beam blocking. In case of DL beam blocking, the UE transmits NACK, which verly likely is going to be blocked as well in uplink, due to uplink-downlink beam reciprocity. Beam sweeping resolves this ambiguity by ensuring that at least one beam will not be blocked in uplink. Alternatively or in addition, NACK transmission power boosting can be applied, as also proposed by MediaTek. The benefit from skipping ACK are quite large in terms of UE power consumption, hence, UL beam sweeping or NACK transmission power boosting in the rare occasion of NACK are negligible.

	Intel
	N
	Y
	Y
	ACK-skipping is not preferred to be further considered due to fundamental property of unavoidable DTX-to-ACK probability. In this case, only higher layer ARQ mechanism could restore the packet.
For jitter handling we continue to support.
For HARQ-ACK disabling, we also wonder how the interaction with MAC layer could be organized. Potentially RAN2 involvement may be needed to conclude.

	InterDigital
	Y
	Y
	Y
	

	Samsung
	FFS
	N
	N
	For ACK skipping, it is more likely that, at least in case of multiple SPS PDSCH configurations, a NACK would be more likely. Also, as the UE cannot determine absence of SPS PDSCH reception and will generate NACK. Therefore, a possible benefit of ACK skipping would be only for single SPS PDSCH configuration.
NACK skipping is preferred at least in case of multiple SPS PDSCH configurations

	DOCOMO
	Y
	Y
	N
	According to companies’ comments, the motivation to disable HARQ-ACK for several SPS configurations is that HARQ-ACK feedback is un-useful since further retransmissions are not allowed considering latency issue. But we don’t think there is necessary relation between one or certain SPS configurations with a specific type. 
For example if such disabling only for one-shot services: Considering one type of TSN traffic with 0.8333ms periodicity, we may activate multiple SPS configurations for this service. But there is no limitation that these SPS configurations should not be used for SPS transmission for other services which can allow multiple retransmissions. If we disable HARQ-ACK feedback for these SPS configurations, either it’s not expected other services with relaxed latency requirement transmitted on these SPS configurations, or performance degradation for other services with relaxed latency requirement since no HARQ-ACK can help for retransmission.

	Apple
	
	Y
	
	We also see potential in Alt. 3 for HARQ feedback overhead reduction considering traffic jitter. Note this is related to our proposal under Section 3 (Alt. 5)

	vivo
	N
	N
	N
	

	ZTE
	Y
	N
	Y
	

	CMCC
	No
	FFS
	FFS
	For ACK skipping, gNB may have the ambiguity between the missed NACK and skipped ACK and not sure of whether the corresponding PDSCH is successfully received or not.

	Panasonic
	Y
	Y
	Y
	

	Lenovo, Motorola Mobility
	N
	Y
	Y
	

	WILUS
	Y
	Y
	Y
	We are fine with the further studies on three alternatives. The third sub-bullet (Alt. 4) should be changed to ‘continue the studies on …” 

	Nokia,NSB
	N
	Y
	Y
	We don’t think that ACK skipping overall is a good solution and the gains it can give are very limited (only if ACK SPS only on PUCCH)

	Spreadtrum
	Y
	Y
	N
	

	OPPO
	N
	Y
	Y
	

	LG
	Y
	N
	Y
	For our understanding, covering jitter window through multiple SPS configuration would be not efficient with considering UE power consumption and PDSCH resource usage. 

	TCL
	Y
	Y
	Y
	

	CATT
	N
	Y
	Y
	For Alt.1, we share the same view as Intel and prefer not to further study.

	Ericsson
	N
	N
	N (maybe FFS)
	Alt 1. We are not in favour of ACK skipping. Similar to Nokia, we think he gain is limited.

Alt 3. Not supportive this option (strong)
Jitter based solution in RAN1 explodes a lot of work without convincing that the gains are substantial such that the efforts are worth it. RAN1 will spend a lot of time, seeking guidance from other WGs to understand how to use jitter. Eventually, jitter window would be translated to an RRC parameter to define a window. Therefore, to decide to spend effort on this rout, the gains should be very convincing. And we are not convinced.
Alt 4. Our first preference is No. But if the solutions are achieved in simple way, we could be OK. If we understand correctly, it means that skipping could be per DL SPS configuration or a group of them. Then, we would like to know that if timing of the PUCCH for HARQ-ACK feedback of these two categories would be the same? In that case, we don’t see the benefit. Otherwise, we are open to consider that.

	NEC
	N
	Y
	Y
	For Alt.1, no need to support ACK skipping for SPS PDSCH since the benefits is limited.

	Huawei, HiSilicon
	Y
	FFS
	Y
	



4.3 Third round of email discussions
Moderator comments for 3rd round: 
Considering the large number of options here, the moderator has been feeling that further email discussions at this point for this large number of options is just not manageable and will not bring us much further. 
As a consequence, I just try to summarize the status of the current support of the different methods provided in the first round below. Maybe we could be able to reduce the number of options in one of the online calls to end up with a smaller amount of options to make a decision if to support at least one of the options (or to not support any in  the end). Please check below if your company positions are captured correctly (and add / correct with red color)!
· Alt. 1 - ACK skipping (NACK-only) : 
· Companies supporting (11): vivo, LGE, WILUS, DOCOMO, HW/HiSi, Panasonic, TCL, Spreadtrum, ZTE, Xiaomi, QC, 
· Companies not supporting (13): Sony, Intel, Samsung, CMCC, NEC, Nokia/NSB, OPPO, CATT, Mediatek, Ericsson, Sharp, MotoLen, APT
· Alt. 2 - NACK skipping (ACK-only): 
· Companies supporting (8): vivo, Samsung, HW/HiSi, TCL, NEC, Nokia/NSB, Ericsson, Xiaomi,
· Companies not supporting (13): LGE, Sony, Intel, DOCOMO, Panasonic, ZTE, OPPO, CATT, Mediatek, QC, Sharp, MotoLen, APT
· FFS (4): CMCC, WILUS (for skipped), Spreadtrum (for skipped), 
· Alt. 3 - HARQ bundling: 
· Companies supporting (11): vivo, Intel, WILUS, DOCOMO, TCL, OPPO, IDC, Xiaomi, MotoLen, APT, Apple
· Companies not supporting (5): Sony, Samsung, Mediatek, Ericsson, QC,
· FFS (10): LGE, Panasonic, Spreadtrum, NEC, Nokia/NSB, CATT, Sharp, Mediatek, CMCC, Huawei/HiSilicon
· Alt. 4 - HARQ-ACK disabling /skipping for certain SPS configurations: 
· Companies supporting (12): vivo, WILUS, HW/HiSi, Panasonic, ZTE, Nokia/NSB, OPPO, CATT, IDC, Xiaomi, MotoLen, APT
· Companies not supporting (5): Sony, Samsung, DOCOMO, Spreadtrum, Ericsson,
· FFS (8): LGE, Intel, CMCC, TCL, NEC, Sharp, QC(?), Mediatek,
· Alt. 5 - Optimization of HARQ-ACK feedback taking into account that some SPS PDSCHs could not be transmitted due to HARQ-ID conflict of different SPS configurations: 
· Companies supporting (1): OPPO,
· Companies not supporting (19): vivo, LGE, Sony, Samsung, WILUS, DOCOMO, Panasonic, CMCC, TCL, Spreadtrum, NEC, Nokia/NSB, CATT, Mediatek, Ericsson, IDC, Sharp, MotoLen, APT, QC
· FFS (2): Intel, Xiaomi
· Alt. 6 - Delaying of SPS HARQ-ACK for certain SPS PDSCH: 
· Companies supporting (2): IDC, MotoLen,
· Companies not supporting (22): vivo, LGE, Sony, Intel, Samsung, WILUS, DOCOMO, HW/HiSi, Panasonic, CMCC, TCL, Spreadtrum, NEC, Nokia/NSB, OPPO, CATT, Mediatek, Ericsson, Sharp, QC, APT, 
· FFS (1): Xiaomi
· Alt. 7 - HARQ payload size reduction by source message compression: 
· Companies supporting (1): QC,
· Companies not supporting (22): vivo, LGE, Sony, Intel, Samsung, WILUS, DOCOMO, HW/HiSi, Panasonic, CMCC, TCL, NEC, Nokia/NSB, OPPO, CATT, Mediatek, Ericsson, IDC, Xiaomi, Sharp, MotoLen, APT

In the second round, on the question to down-prioritize Alt. 5 to Alt. 7 (having only 1 or 2 supporting companies in the first round), the following companies agreed to down-priorititze them: 
· Down prioritize Alt. 5 (all 20): Sony, QC, Intel, Interdigital, Samsung, DOCOMO, vivo, ZTE, CMCC, Panasonic, LenMoto, WILUS, Nokia/NSB, OPPO, LGE, TCL, CATT, Mediatek, Ericsson, NEC
· Down prioritize Alt. 6 (all 21): Sony, QC, Intel, Interdigital, Samsung, DOCOMO, vivo, ZTE, CMCC, Panasonic, LenMoto, WILUS, Nokia/NSB, OPPO, LGE, TCL, CATT, Mediatek, Ericsson, NEC, Huawei/HiSilicon
· Down prioritize Alt. 7 (20 - all except proponent company QC): Sony, Intel, Interdigital, Samsung, DOCOMO, vivo, ZTE, CMCC, Panasonic, LenMoto, WILUS, Nokia/NSB, OPPO, LGE, TCL, CATT, Mediatek, Ericsson, NEC, Huawei/HiSilicon
· QC mentioned in the GTW call, that this could be potentially considered as part of the bundling (and not as a stand-alone solution)

Therefore, based on the above, I suggest the following to be discussed in the next GTW session (if we get time). 
FL Proposal 4.2: 
For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), focus on the following methods: 
4. ACK skipping (NACK-only) SPS HARQ feedback (Alt. 1)
· FFS: Details
5. NACK skipping (ACK-only) SPS HARQ feedback (Alt. 2)
· FFS: Details
· FFS: If this is to be discussed as part of skipped SPS PDSCH or as payload size reduction technique. 
6. HARQ bundling & compression(QC) (Alt. 3)
· FFS details 
7. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4) 
· The skipping / disabling is higher-layer configured per SPS configuration
· FFS: HARQ-ACK skipping behaviour for Type 1 CB


Maybe we could try to resolve this FFS – here by companies providing their input below: 
Question: Please indicate below, where NACK skipping for SPS PDSCH should be discussed / handled in the future to prevent overlapping discussions, (a) as part of the studies on skipped SPS PDSCH 

	NACK skipping to be discussed as part of 
	List of companies

	(a) HARQ skipping for skipped SPS PDSCH
	vivo, CATT, NEC, Huawei/HiSilicon , Nokia/NSB, DOCOMO, 

Comments:
Views from HWHiSi: Actually we can just discuss NACK skipping, no matter whether it is skipped PDSCH or non-skipped PDSCH.  
QC: NACK skipping may result in errors due to non-successful radio link adaptation. In IIOT, typically there are 1, 2 options for retransmission, it is a waste not to retransmit without knowledge of what went wrong.


	(b) non-skipped SPS PDSCH payload size 
	ZTE, LGE …

Comments: 
ZTE, we have no strong preference to discuss it whether in skipped SPS PDSCH session or payload reduction section, but NACK skipping can be applied to non-skipped PDSCH in theory, so we can compare it with other alternative here.
QC: NACK skipping is not a feature resulting is SPS HARQ payload size reduction. In an IIOT application with reliability requirement equal to 10-5 or 10-6 and option for 1 or 2 retransmissions (usually), the BLER target per DL transmission cannot be set to values lower than 10-3. In this case, there is going to be 1 NACK every 1000 HARQ occasions. The UE will transmit 999 times ACK and the UE will skip 1 NACK occasion. The feature does not provide any payload reduction.  
LGE: Though we have similar view to Qualcomm, if NACK skipping is discussed, payload size section would be more suitable. NACK skipping discussed doesn’t consider whether SPS PDSCH is skipped or not. We would say NACK skipping is not for skipped SPS PDSCH.

	(c) continue to discuss in both
	Samsung, Sony, Huawei/HiSilicon, Ericsson

Comments: 
Samsung – Reason: We do not consider NACK skipping to be for skipped PDSCH (UE cannot tell) or for payload size reduction (gNB cannot tell). Rather, if the UE has only NACK to transmit for all SPS PDSCHs, it does not transmit the PUCCH.
Sony: NACK skipping for skipped PDSCH and for non-skipped PDSCH are different scenarios and should be considered separately.  NOTE: We still do not support NACK skipping.
Huawei/HiSilicon: Share similar view with Samsung, if the UE has only NACK to transmit for all SPS PDSCHs, it does not provide HARQ-ACK feedback. In this case, UE may not determine the PUCCH resource.
Ericsson: Share similar view as Samsung and HW/HiSi. 
Qualcomm: combining the comments above, NACK skipping should not be considered at all in this AI. In addition, it is against the appreciated effort of the feature lead to narrow down the options to be studied. 
Regarding Alt 3 it should be combined to HARQ bundling/compressing since compressing is more generic than bundling.




4.4 Fourth round of email discussions
Moderator comments for 4th 3rd round: 
As also pointed out by Mr. chairman during the GTW session (Wed. Nov. 11th), there is clearly a need to down-select to a smaller number of alternatives, so that companies will be able to more focused do their studies and evaluations of the options for discussion.
It is therefore suggested, that should try to do some down-selection to a smaller set of options here. The following proposal (also shared earlier by email before the GTW session) is therefore up for discussion here. The moderator is hopeing, that such agreement on putting a bit more focus of the studies to be agreed still in this meeting (by email). The thinking here is first, let’s try in the 4th round to get input included suggested wording changes using the drafts folder. In case there seems to be some convergence, we could move this to email (based on a stable text). But the intention here is getting input on suggested wording changes and if such agreement in principle would be OK for you. 
Please note, this is only there to reduce the scope of the studies but does not mean that a company agreeing to the reduced study focus would be fine with all the methods listed. It should be clear from the summary of company positions noted in the previous Sec. 4.3 where companies stand!

FL Proposal 4.3:
For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
8. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
9. FFS: Details
1. HARQ bundling / compression (Alt. 3)
10. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
11. The skipping / disabling is higher-layer configured per SPS configuration
11. FFS: HARQ-ACK skipping behaviour for Type 1 CB

Please provide your input below:
· Yes – if you support the proposal in principle. If suggesting any changes to the wording, please provide your suggested changes in the comments’ column (but do not change the proposal above as such to prevent comments from companies based on the wrong latest proposal, FL to provide update later one)
· No – otherwise (i.e. study focus is too narrow). Please consider also here the situation in terms of support for different options as noted in Sec. 3.3 above.  

	Company
	Yes / No
	Comments

	CATT
	No
	We would like to remove Alt. 2 since it is covered by Alt. 1 in section 3.4 which does not identify whether a SPS PDSCH is skipped or not. In addition, from payload size reduction perspective, it cannot bring meaningful benefit for URLLC scenarios which would have ACK with high probability.

	Intel
	Yes
	We are fine to move forward with the above proposal given the difficulty of the email discussions. But we also observe Alt. 1 and Alt. 2 may not have sufficient support to be kept on the table, and would be even better to remove in this meeting.

	vivo
	Yes
	We are fine to keep Alt.2 since it is related to Alt.1 of proposal 3.4. Supporting NACK skipping for both skipped and non-skipped SPS PDSCH is beneficial to save the efforts on defining UE detection of the existence of the SPS PDSCH. And it is under gNB’s control to make the NACK skipping work only for the skipped SPS PDSCH.

	MediaTek
	Yes
	We are fine with proposal, although we are not supportive of Alt-1, Alt-2 and Alt-3.

	Sony
	Yes
	We are fine with the proposal.  Note, we do not support any of the alternatives.  We agree with FL that the aim is to narrow down the scope.
Again, if companies still want to voice their like and dislikes, then we want ALL alternatives removed.

	Nokia, NSB
	Yes
	We only support Alt. 4, but  this at least should not hold us back to go from 7 options down to 4 in a first step. 

	Ericsson
	Yes
	We are supportive of proposal.
Same comment as CATT regarding no identification between skipped and non-skipped PDSCH. But these can be discussed later if proposal is agreed.
Also, we are not supportive of Alt 3 , but we can discuss those if proposal is agreed. 

	InterDigital
	Yes
	We support the proposal.

	Apple
	Yes
	We support FL’s proposal

	Sharp
	Yes
	We are OK with the proposal.

	Samsung
	
	The proposals need to be accurately stated. We understand ‘ACK skipping’ and ‘NACK skipping’ to mean that a UE does not transmit a PUCCH with only ACK or with only NACK.
There is no reason to consider Alt.3 and Alt.4 but OK to move on and keep them for now.

	Panasonic
	Yes
	We are supportive of the proposal. We share the same view with Sony.

	DOCOMO
	Yes
	We support the proposal.

	CMCC
	Yes
	We support FL’s proposal with preference to remove Alt 2 since it is already covered in FL proposal 3.4.

	ZTE
	Yes
	We support the FL’s proposal to make a progress.
If there is further down selection, Alt2 (NACK skipping) should be removed, as QC has made a reasonable concern on it in the previous round discussion.
For Alt4, it should be supported and can survive with other possible options as this approach only enable/disable skipping from RRC layer.

	OPPO
	Yes
	We are fine with proposal.

	Huawei, HiSilicon
	Yes
	We support the proposal to achieve more progress, though we don't prefer some alternative here, but we can further discuss. 

	QC
	Yes 
	We support the FL’s proposal.
In alignment with Chairman’s and FL’s suggestions to limit further the remaining options, NACK skipping (Alt 2) should be removed from the Updated FL Proposal 4.2. 
Transmitting only ACK and only for certain SPS configurations (as mentioned in the proposals of companies championing Alt 2) will not reduce considerably SPS HARQ payload. 
The main traffic scenario of this WI is IIOT/URLLC; hence the reliability requirement is in the order of 10-5 to 10-6. Even with a conservative BLER target setting for the 1st transmission, BLER target (per transmission) cannot be lower than 10-3. This implies that if the system operates as it should, there is going to be maximum 1 erroneous packet every 1000 packets, i.e. 1 NACK for every 999 ACKs. With NACK skipping, the UE will transmit 999 out of 1000 PUCCH messages. This is not a HARQ payload size reduction worth considering.
Moreover, lack of NACK in case of beam blocking or deep fading can result in erroneous packet, due to not successful radio link adaptation. Again, considering the reliability requirement of IIOT applications, risking an error, i.e. risking service outage for the level of HARQ payload reduction of 0.1 %, is not supported.

	APT
	Yes
	We support the FL’s proposal.

	Spreadtrum
	Yes
	We support the proposal, but we prefer to remove Alt 4. 

	LG
	Yes
	We support the proposal from FL.



FL summary & comments on input based on version 102 of proposal FL Proposal 4.3:

· Support the proposal (19): Intel, vivo, Mediatek, Sony, Nokia/NSB, Ericsson, InterDigital, Apple, Sharp, Panasonic, DOCOMO, CMCC, ZTE, OPPO, Huawei/HiSi, QC, APT, Spreadtrum, LG
· Do not support the proposal (1): CATT 
· Reason: Remove NACK skipping (Alt. 2) as this is covered already by the ‘skipped’ SPS PDSCH discussion

FL comments to CATT to remove Alt. 2 (as also provided by email):
· It should be noted, that FL tried to check from companies if it would be possible to remove in round 3 with the question there. 
· I technically agree, that if the group in the end would agree to support NACK skipping for SPS then this would not differentiate if the SPS PDSCH as actually skipped or not (which I guess is also in line with the comments by Samsung). It is a bit of a petty, that we discuss skipped and non-skipped SPS PDSCH overall separately, but having them merged as a single topic did not work out in RAN1#102-e. But considering the rather late phase of RAN1#103-e, I don’t think we should even try to change anything in this meeting anymore. 
· But having this situation based on the input received by companies on that specific question on where to handle NACK skipping during the 3rd  round, I don’t think we can go much further than this here. 

FL recommendation: There is this overlap in case of NACK skipping between ‘skipped’ and ‘non-skipped’ SPS PDSCH and this seems to be acknowledged by all companies. But there had been the specific question asked in the 3rd round, if it could be only handled as part of the discussions in Sec. 4 which received some negative feedback. Maybe we could go with the current status quo here for this meeting, and continue on the potential support for NACK skipping in the next meeting. 
Therefore, FL recommends going with the current proposal to down-select to the four alternatives and continue the discussion on how to classify NACK skipping in RAN1#104-e. At least this will allow a more focused discussion in the future than the current status quo.  

4.5 RAN1#103-e outcome & RAN1#104-e outlook
The following agreements could be reached on this study area during RAN1#103-e:
Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
a. FFS: Details
2. NACK skipping (ACK-only) (Alt. 2)
a. FFS: Details
3. HARQ bundling / compression (Alt. 3)
a. FFS: Details including HARQ bundling / compression window, bundling / compression technique
4. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
a. The skipping / disabling is higher-layer configured per SPS configuration
b. FFS: HARQ-ACK skipping behaviour for Type 1 CB

Final RAN1#103-e moderator comments: 
Based on the discussions by companies, it would be good if companies could provide their input to RAN1#104-e on the two options which would still need further discussion / clarification to enable potential agreements 
· ACK or NACK skipping (Alt. 1 / Alt.2): 
· Configuration details: per SPS configuration vs. across all SPS configurations of a single CC / across all CCs
· When to skip the HARQ-ACK?
· PUCCH carrying ‘SPS NACK’ or ‘SPS ACK’ only – or also other cases? i.e. HARQ skipping or ‘PUCCH skipping’? (Please consider the potential CB ambiguity)
· Interaction with MAC operation
· Interaction with MAC (HARQ-ACK delivery)
· Expected gains
· …
· HARQ bundling / compression (Alt. 3)
· How to define the bundling / compression window in time-domain &/ CC domain &/ SPS configuration domain (i.e. the definition of the bits for joint bundling / compression)
· Is the bundling restricted to HARQ-ACK bits within one PUCCH transmission occasion or across more?
· How to define the ‘bundled SPS configurations’ that are used for bundling / compression
· Bundling / compression technique
· Expected gains
· ….
· HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
· Handling for Type 1 CB with a mixed of SPS and DG PDSCH HARQ (i.e. map the SPS HARQ-ACK or not)?
· Interaction with MAC (HARQ-ACK delivery)
· Expected gains
· ….

5 PUCCH repetition enhancements 
(at least for HARQ-ACK), e.g., sub-slot based, etc.
In this section, the company positions on the support of PUCCH repetition enhancements (incl. sub-slot type of PUCCH repetition) are summarized.

The following preference on the support of ‘sub-slot type of PUCCH repetition’ in Rel-17 were indicated in different companies’ contributions: 
· Support: HW/HiSi [1], Ericsson [3], LGE [8], Samsung [9], ZTE [13], Panasonic [16], Intel [17], ETRI [18], Sharp [23], China Unicom [24], Spreadtrum [25], DOCOMO [26]
· Not support: CATT [5] (use longer PUCCH instead), Xiaomi [6] (‘low priority’, for coverage use slot-based operation instead), CMCC [7] (‘low priority’, large specs impact & limited gain – use lower maximum coding rate & longer PUCCH format instead), Nokia/NSB [14] (motivation missing for URLLC, as CMCC – longer PUCCH would be better), MTK [20] (use longer PUCCH length instead, latency due to limitations to mux on PUSCH – use PUCCH to cross the sub-slot instead)
· Unclear: Sony [11] (if introduced), 

The following alternatives to support ‘sub-slot type of PUCCH repetition’ have been mentioned by different companies.  
· Alt. 1: Sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each subslot, one repetition per subslot): 
· Yes: HW/HiSi [1], Ericsson [3], LGE [8], Samsung [9], ZTE [13], Nokia/NSB [14] (if supported), Panasonic [16], ETRI [18] (incl. more repetition factors), Sharp [23] (for long PUCCH formats), Spreadtrum [25], DOCOMO [26] (?)
· Alt. 2: Back-to-back PUCCH repetition (‘PUSCH Rep. B Type’, repetition within a subslot): 
· Yes: HW/HiSI [1], Sharp [23] (repetition within sub-slot for short PUCCH formats), China Unicom [24] (‘PUSCH repetition type B can be referenced for Sub-slot based PUCCH repetition’) 
· No: Ericsson [3], Samsung [9], ZTE [13] (?) 
· Pros: shorter latency compared to Alt. 1 (HW/HiSi[1])
· Cons: complicated for intra-UE prioritization operation (CATT[5]), high specification effort (CATT[5]), multiplexing capacity with segmentation (LGE[8]), issue with polar coding (Samsung [9]), complicated (ZTE [13])
· Alt. 3: Repetitions to support different starting point & duration based on PUCCH configuration: Intel [17]

The input on support of dynamic PUCCH repetition indication can be summarized: 
· Support: HW/HiSi [1], Ericsson [3] (through PRI, K configured for each PUCCH resource, UCI type specific), Panasonic [16] (K configured for each PUCCH resource ID), Intel [16] (K configured for each PUCCH resource ID), ETRI [18] (K part of the K1 indication or part of the PUCCH resource config), Spreadtrum [25] (new field or reusing PRI)
· No support: Nokia/NSB [14] (motivation for URLLC missing)
· Discuss: LGE [8]

Support PUCCH repetition for short PUCCH formats (F0 & F2):
· Support: HW/HiSi [1] (?), Ericsson [3], Samsung [9], ZTE [13], Nokia/NSB [14] (if 2OS PUCCH rep supported), Panasonic [16], Sharp [23], DOCOMO [26]
· No support: -  


Need to discuss PHY multiplexing and PHY prioritization enhancements for PUCCH repetition: 
· to prevent excessive PUSCH dropping: LGE [8]
· take the number of already transmitted transmissions into account: Sony [11] (importance decreasing with each repetition)

Other suggested enhancements for PUCCH repetition (not limited to ‘sub-slot type PUCCH repetition):
· Support of dynamic bundling for PUCCH repetition to limit the payload size: QC [28] (see Fig. in Appendix [28])


5.1 First round of email discussions
Moderator comments: 
Based on the input contributions to this meeting, there seems to be a majority of companies suggesting to specify related enhancements – but there is also a sizeable number of companies to not support any related enhancements (or discuss with lower priority). Some companies discuss that the they would only support a certain way to solve the problem. Moreover, based on the discussions at 3GPP RAN, it is not clear in which WI PUCCH repetition enhancements (at least for single TRP operation) are to be discussed. 
It is therefore suggested to try to discuss the suggested alternatives to support ‘sub-slot type’ of PUCCH repetition to potentially provide related clarifications first that will give the group a better understanding of what to specify. It is the moderators hope, that based on the first round of email discussions the alternatives would be better clarified and potentially the number of alternatives could be reduced for further discussions and considerations. 
The remaining proposed PUCCH repetition enhancements (incl. dynamic repetition indication, PUCCH repetition support of short PUCCH Formats 0 & 2, dynamic HARQ-ACK bundling, …) could be potentially conditional on the support of the ‘sub-slot Type’ PUCCH repetition. Therefore, the moderator suggests to slightly post-pone related discussions after having overall more clarity. 

Question 5.1: Companies to provide input on the Alternatives Alt. 1 to Alt. 3 which can be used to enable ‘sub-slot type’ of PUCCH repetition (yes / no for each alternative, if not sure FFS) as well as related comments.
· Alt. 1 - Sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each subslot, one repetition per subslot)
· Alt. 2 – Back-to-back PUCCH repetition (‘PUSCH Rep. B Type’, repetition within a subslot) 
· Alt. 3 - Repetitions to support different starting point & duration based on PUCCH configuration 

	Company
	Alt. 1
Y / N
	Alt. 2
Y / N
	Alt. 3
Y / N
	Comments

	vivo
	N
	N
	N
	Do not see the motivation for single TRP case to support URLLC traffic. 

	LG
	Y
	N
	N
	Alt. 1 is simple and least specification impact. The other option would be similar or less performance than longer PUCCH resource. 

	Sony
	Maybe
	Maybe
	N
	Whether it is sub-slot based or back-to-back repetition, this will introduce inter-sub-slot collision.  This is an issue which needs clarification on how to handle it especially if the collision is between two High Priority PUCCH.  For example in figure below, the UCI in PUCCH P#2 cannot be multiplexed into P#1 when both P#1 and P#2 have the same priority.  It also doesn’t make sense to drop P#2 even if it is low priority since the high priority P#1 had already been transmitted a few times.  Also the gNB may already received P#1 and therefore want to schedule P#2 earlier (overlap with one of P#1’s repetitions).  
[image: ]

	Intel
	Maybe
	N
	Y
	Alt.1 – we think this option could serve some URLLC use cases, but does not seem beneficial for CovEnh use cases
Alt.2 – as learnt from PUSCH rep type B, there could be huge spec work with PUCCH specific complications such as PUCCH format mismatch after segmentation, etc.
Alt.3 – the most general which can cover URLLC, multi-TRP, and CovEnh use cases. The specification work is limited comparing to Alt.2.

	Samsung
	Y
	Y
	N
	For alt. 1, we see the benefit of reducing latency compared to slot based PUCCH repetition. Also needed for beam cycling with M-TRP. 
For alt. 2, it can be considered further enhancement – limit to UCI payload of less than 12 bits considering polar coding impact. 
For alt. 3, it seems similar to Alt. 2.

	WILUS
	Y
	N
	N
	Alt 1- For 7*2-symbol sub-slot configuration, RAN1 needs to discuss whether to support short PUCCH repetition.
Alt 2 - Longer PUCCH can be indicated/configured instead of back-to-back PUCCH repetition. 
Alt 3 - Use cases for different starting point and duration are unclear. 

	DOCOMO
	Y
	N
	N
	For alt 2, a PUCCH repetition like PUSCH repetition type B may cross sub-slot or slot boundary and the spec impact will be significant. Moreover, there may be soft combining issue for polar coding if coding rate for different PUCCH repetitions are different.
 For alt 3, the spec impact is significant and there is also possible soft combining issue if different coding rate.

	Huawei, HiSilicon 
	Y
	Y
	N 
	We support alt1, it is simple. We don't think longer PUCCH can work, since it is not allowed to cross sub-slot boundary. 
For alt2, we think it can work by using similar PUSCH based scheme. However, we admit that it is more complicated than alt.1 with more specification impact. Therefore, we are ok if people insist not support. 
For alt3, now the PUCCH resource is confined within the sub-slot. However, it is not clear to us how to design the PUCCH indication signalling with Alt.3 and thus cannot justify whether it is beneficial or not. 

	Panasonic
	Y
	N
	N
	For Alt.1, we see the benefit of higher HARQ-ACK reliability while keeping the effect of fast HARQ-ACK feedback since sub-slot configuration can be kept short. In addition, Alt.1 will less specification impact.
Alt. 2 and Alt. 3 could also have the benefit of higher HARQ-ACK reliability with reducing latency, but specification impact will be large. Especially, on Alt.2, if this mechanism is introduced to PUCCH repetition, due to the segmentation, the actual length of PUCCH repetition might be different than what was nominally indicated. Since NR defines PUCCH formats depending on the duration of PUCCH, potential impact would be PUCCH format may be different among the actual repetitions if UE generates the PUCCH based on the actual repetition. Therefore, whether/how to ensure the same PUCCH format among the actual repetition should be studied.

	CMCC
	N
	N
	N
	URLLC feedback latency is mainly limited by semi-static UL/DL configuration especially worst latency is used as performance metric. So the benefit of sub-slot/mini-slot type of PUCCH repetition can be achieved by long PUCCH format when single TRP is configured. If some diversity gain is observed for sub-slot/mini-slot PUCCH repetition in multi-TRP operation, we think it should be discussed in MIMO AI.

	Spreadtrum
	Y
	Maybe
	N
	For alt. 1, the scheduling flexibility and transmission reliability can be increased compared to slot based PUCCH repetition. 
For alt. 2, it is similar as PUSCH Rep. B Type transmission. We are open to further discuss more details, such as crossing slot boundary and UL-DL-conflict issues. 
For alt. 3, the complexity may be high and how much gain can be obtained compared to alt.2 is unclear.

	ZTE
	Y
	N
	N
	Alt1 reuses the current mechanism and avoids the issue of over sub-slot boundary PUCCHs.
Not support Alt2, the mechanism of PUSCH repetition type B could not get more benefits than the first method and the standardization work is more complicated, especially if a PUCCH repetition is allowed to cross the sub-slot boundary.

	NEC
	Y
	N
	N
	Simple Alt.1 is sufficient. Alt.2 and Alt.3 will introduce much specification impact.

	Nokia, NSB
	Y

	N
	N
	Alt. 1 is a clear extension of the slot-based PUCCH repetition framework and can be considered from feature parity point of view compared to slot-based PUCCH repetition. 
For Alt. 2, it is unclear to us how this would really be working – especially if the sub-slot length is not a multiple integer of the PUCCH length and/or the PUCCH to not start from the beginning of the sub-slot. For PUSCH repetition type B, there had been plenty of cases that needed to be considered but there the PUSCH length could be adapted (and the coding rate reduced). But we don’t see this feasible for PUCCH. 
Alt. 3: A similar proposal had been discussed for PUSCH repetition Type B but in the end had not been selected because of the following reason: there would need to be for each starting point in time a different PUCCH resource ID configured. The PRI may by far not be sufficient to select the appropriate configuration. Therefore, we don’t support this proposal.

	OPPO
	Y
	N
	N
	Alt. 1 provides more flexible PUCCH resource allocation and it has least specification impact. 

	CATT
	N
	N
	N
	Unclear benefit compared with a longer sub-slot duration.

	MediaTek
	N
	N
	N
	If the latency allows to have sub-slot PUCCH repetition, the UE can be configured with longer sub-slot length. 
There is no direct comparison between slot-based and sub-slot based PUCCH repetitions. Unlink sub-slot based PUCCH transmission, the UE can’t be configured with slot length more than 14 symbols. Thus, there is no need to extend the slot-based PUCCH repetition to sub-slot.

	Ericsson
	Y
	Maybe while leaning to N
	N
	Alt 1:
Alt 1 is simple and should be sufficient in terms of having support for sub-slot PUCCH repetition. From our perspective, all is needed to do in to include “number of PUCCH repetition” as part of configuration of  a “PUCCH resource”. Then it really does not matter is repetition is per slot or sub-slot , or for which PUCCH format.
The more important aspect though is to allow flexibility in terms of dynamic indication of PUCCH repetition. This is motivated from URLLC low latency requirement. That is, dynamic PUCCH repetition indication is beneficial as it allows gNB to indicate #repetitions as needed to achieve desired coverage/reliability within the latency budget. This is not possible with the limited flexibility of the current semi-static configuration only. 
 Alt 2:
For Alt2, we don’t see any strong reason to support it. First, if a slot/sub-slot length is longer than one single PUCCH, it is more reasonable to just use a longer PUCCH which fits within a slot/sub-slot together with a smaller number of repetitions rather than using a shorter PUCCH with a larger number of back-to-back repetitions. Second, there is benefit of PUCCH segmentation across slot/sub-slot for latency benefit. When HARQ-ACK feedback is considered in the DL latency, it implies that there is enough time for a retransmission. In that case, there are several other factors which contribute to the overall DL latency such as opportunities for PDCCH monitoring occasions to schedule the initial PDSCH and re-transmission, PDSCH duration itself, and UE PDSCH processing time, etc. A small delay of a few OFDM symbols which may be avoided by segmentation is thus not critical here. This is not the same as for the case of Rel-16 PUSCH segmentation where the alignment delay can be important for single-shot PUSCH transmission to achieve the latency requirement.
However, it seems to be useful for multi-TRP and in case of beam-blocking. Therefore, we are OK to discuss it further.
Alt 3:
For Alt3, it would further complicate PUCCH resource configuration and the benefit from more flexibility does not seem to be worth the complication here. A more typical case of sub-slot PUCCH repetition would be when PUCCH resource in each repetition/sub-slot occupies the whole sub-slot.

	Xiaomi
	Y
	Y
	N
	For alt. 1, the scheduling flexibility and transmission reliability can be increased compared to slot based PUCCH repetition. Further, it can reduce latency for URLLC service and it also be helpful for beam cycling with M-TRP. 
For alt. 2, We are open to further discuss.
For alt. 3, the complexity may be high.

	Sharp
	Y
	Y
	N
	Sub-slot PUCCH repetition is an effective way to enhance the PUCCH reliability. For sub-lot based long PUCCH, Alt. 1 can be supported. For short PUCCH, Alt. 2 can be supported.

	Lenovo, Motorola Mobility
	Maybe
	N
	N
	Alt1 may be considered to enhance the reliability. 
For Alt2, benefit is not clear, compared to high UE complexity and spec efforts. 
Alt 3 can be discussed under multi-TRP. 

	QC
	Maybe
	Y
	Maybe
	· Alt.1 (‘Sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each subslot, one repetition per subslot)’) – Benefit unclear. Is it possible to have the proposal clarified? Should ‘subslot’ be ‘slot’?
· Alt.2 (‘Back-to-back PUCCH repetition (‘PUSCH Rep. B Type’, repetition within a subslot)’)– repetitions within a slot and across slots should be supported as well. Clarification required, if ‘subslot’ should be ‘slot’. 
· Alt.3 – (‘Repetitions to support different starting point & duration based on PUCCH configuration’) – investigate the feasibility of the scheme with different coding rates

	APT
	Y
	N
	N
	Alt.1 can provide enhanced PUCCH reliability with small spec impact.
Alt.2 can have large spec impact and the benefit is unclear.
Alt.3 may cause signaling overhead and the benefit is umclear.



5.2 Second round of email discussions
Moderator comments for 2nd round: 
The following feedback on question 5.1 for PUCCH repetition was received: 
· 4 companies support neither of the options (i.e. think such enhancements is not needed), these are included in the counting below
· Alt. 1 - Sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each subslot, one repetition per subslot)
· 15x Yes, 5x No, 6x FFS
· Pros: Simple extension
· Cons (from Alt. 2 camp): more latency
· Alt. 2 – Back-to-back PUCCH repetition (‘PUSCH Rep. B Type’, repetition within a subslot) 
· 5x Yes, 16x No, 3x FFS
· Pros: lower latency
· Cons: higher specs impact, unclear coding handling for larger payload sizes,  
· Alt. 3 - Repetitions to support different starting point & duration based on PUCCH configuration 
· 1x Yes, 1x FFS, all other no

Considering the good support for sub-slot based PUCCH repetition, it is suggested to support this in Rel-17 and to not consider the other alternatives. 
[bookmark: _Hlk55414233]
FL Proposal 5.1: Support sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each subslot, one repetition per subslot)
· FFS: Additional enhancements including e.g. supported PUCCH formats, dynamic repetition indication, prioritization enhancements, … 

	Company
	Yes / No
	Comments

	QC
	Maybe
	Benefit unclear. Is it possible to have the proposal clarified? Should ‘subslot’ be ‘slot’?

	Intel
	
	We admit the majority is support of sub-slot-based repetitions.
However, we think that this scheme is a double work comparing to R17 MIMO and R17 CovEnh items. Sub-slots are only suitable for low latency transmissions thus this repetition scheme will not be beneficial in MIMO and CovEnh who would need to define their own schemes. From that perspective we think the most general scheme is still Alt.3.
Considering this, we would like to see first how the overlap/progress in other items can be resolved before agreeing on sub-slot-based repetitions.

	Samsung
	Yes
	More flexible for supporting PUCCH transmissions in TDD than to rely on PUCCH resources over a large number of consecutive UL symbols.  

	DOCOMO
	Yes
	Support the proposal.

	vivo
	
	We did not see how this scheme beneficial for URLLC assuming single TRP is the focus on this WI. We also share the views with Intel that we would like to see first how the overlap in other items i.e., MIMO and CovEnh can be resolved before agreeing on sub-slot-based repetitions.

	ZTE
	Yes
	

	CMCC
	
	We share similar view with vivo that we see limited benefit for URLLC in single-TRP scenario and prefer to postpone the discussion.

	Panasonic
	Yes
	

	WILUS
	Yes
	Support the main bullet. Regarding FFS, dynamic repetition indication is not supported for slot-based PUCCH repetition in Rel-15/16. Not sure why it should be studied only for sub-slot based PUCCH repetition. 

	Spreadtrum
	Yes
	Support FL proposal. 

	OPPO
	Yes
	Support the proposal without any enhancement.

	LG
	Yes
	We are fine with the proposal.  

	CATT
	No
	We also think the benefit is unclear. 

	MediaTek
	No
	We don’t see benefit in supporting sub-slot based PUCCH repetitions.

	Ericsson
	Yes
	Support the proposal.
As mentioned before, our solution is to simply include “nrofSlot” in PUCCH resource configuration and not in PUCCH format configuration.
That gives sub-slot repetition for free, but also enable dynamic PUCCH repetition for HARQ-ACK and repetition based on UCI configuration (SR or UCI), not the format.
Nothing else needs to be done. Form our point of view, this is a bug from Rel-15 that should be fixed.


	Huawei, HiSilicon
	Yes
	It is simple and it is necessary from reliability perspective, since PUCCH is not allowed to across slot boundary based on the current scheme. 



5.3 Third round of email discussions
Moderator comments for 3rd round: 
From the feedback received during the first round, the following list of companies indicated their preference of the different alternatives as follows (please add your company name if you still want to provide your input below in red): 
· Alt. 1 - Sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each subslot, one repetition per subslot)
· Yes (15): LGE, Samsung, WILUS, DOCOMO, HW/HiSi, Panasonic, Spreadtrum, ZTE, NEC, Nokia/NSB, OPPO, Ericsson, Xiaomi, Sharp, APT
· No (5): vivo, CMCC, CATT, Mediatek, QC
· FFS (3): Sony, Intel, MotoLen, 
· Alt. 2 – Back-to-back PUCCH repetition (‘PUSCH Rep. B Type’, repetition within a subslot) 
· Yes (5): Samsung, HW/HiSi, Xiaomi, Sharp, QC
· No (16): vivo, LGE, Intel, WILUS, DOCOMO, Panasonic, CMCC, ZTE, NEC, Nokia/NSB, OPPO, CATT, Mediatek, Ericsson, MotoLen, APT
· FFS (2): Sony, Spreadtrum, 
· Alt. 3 - Repetitions to support different starting point & duration based on PUCCH configuration 
· Yes (1): Intel
· No (22): vivo, LGE, Sony, Samsung, WILUS, DOCOMO, HW/HiSi, Panasonic, CMCC, Spreadtrum, ZTE, NEC, Nokia/NSB, OPPO, CATT, Mediatek, Ericsson, Xiaomi, Sharp, MotoLen, APT, QC
· FFS (0): 


From the feedback received during the 2nd round, the following can be noted (please add your company name if you still want to provide your input below in red):
· 9 companies agree to support sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each subslot, one repetition per subslot)
· Samsung, DOCOMO, ZTE, Panasonic, WILUS, Spreadtrum, OPPO, LGE, Ericsson
· 4 companies think that there is limited benefit in supporting sub-slot PUCCH repetition (at least for single TRP)
· Vivo, CMCC, CATT, Mediatek
· 3 companies point out the ongoing dicussions 
· Intel, vivo, Nokia

Looking at the situation above and the reference to the ongoing plenary discussion, it seems not to make too much sense to continue any technical discussion in this meeting (and potentially waste precious GTW meeting time). It is clear that there is currently a larger amount of companies interested to support or consider Alt. 1 compared to Alt. 2. 
Therefore, companies are encouraged to take the company positions and the arguments brought up into account in their input documents to RAN1#104-e (if PUCCH repetition is to be handled as part of the URLLC enhancements). Specifically, on Alt. 2 further input on the technical operation of this option (in terms of PUCCH length, orphan symbols, etc.) may help the group to understand the intended operation better. 

5.4 RAN1#103-e outcome & RAN1#104-e outlook
Final RAN1#103-e moderator comments: 
Currently, the handling of PUCCH repetition enhancements across different WIs is still unclear. Hopefully 3GPP RAN will bring in the Dec. plenary some more clarity on the handling so that we could make some progress in our studies during RAN1#104-e. 
If supported for URLLC, there currently seems a majority of companies suggesting applying sub-slot based PUCCH repetition (i.e. Alt. 1), which logically just applies the slot-based mechanism to sub-slots (in terms of PUCCH resource allocation). Companies promoting Alt. 2 and Alt. 3 are encouraged to provide more input on how they think this could be working – specifically:
· Alt. 2 - Back-to-back PUCCH repetition (‘PUSCH Rep. B Type’, repetition within a subslot) 
· Are different PUCCH lengths for a different repetition supported? If so, describe the operation
· Is a PUCCH repetition allowed to cross the sub-slot boundary?
· Handling of orphan symbols?
· Advantages over Alt. 1
· …
· Alt. 3 - Repetitions to support different starting point & duration based on PUCCH configuration 
· Required number of different PUCCH configurations – are the 3bit PRI sufficient?
· Similar discussion as for the per PUSCH repetition definition of start / length in Rel-16
· Is a PUCCH repetition allowed to cross the sub-slot boundary?
· Advantages over Alt. 1 / Alt. 2
· …
In addition, please note the other enhancements that had been discussed by different companies including: 
· Dynamic repetition indication
· Through PRI / PUCCH config or through a new / separate field in the DCI scheduling PDSCH?
· Need / gains / advantages
· PUCCH repetition of PUCCH Formats 0 and 2
· Need / gains / advantages
· Different handling of prioritization of a PUCCH repetition and PUSCH of the same PHY priority
· …

6 Retransmission of cancelled HARQ 
In this section, the company positions on the support of retransmission of cancelled HARQ-ACK are summarized.

Overall, the following input on the support of re-transmission of canceled HARQ-ACK in Rel-17 was given:
· Support: vivo [2], Ericsson [3], TCL [4], Samsung [9], OPPO [10], Sony [11], ZTE [12], Nokia/NSB [14], Panasonic [16] (?), MTK [20], WILUS [27]
· For LP HARQ-ACK: ZTE [13] (LP prioritized, same principle could be applied to HP HARQ)
· For HP HARQ-ACK: 
· For LP & HP HARQ-ACK: vivo [2] (unified solution), Sony [11] (mechanism also applicable to HP HARQ), Nokia/NSB [14] (but no optimization for HP HARQ), APT [19], MTK [20] (not optimized for HP HARQ)
· No support: HW/HiSi [1], CATT [5] (studies with low priority), CMCC [7] (low priority) 
· Pros: improving system efficiency (Panasonic [16])
· Cons: Not essential for LP HARQ (HW/HiSi [1]),  can be avoided for HP HARQ by gNB implementation (HW/HiSi [1], CMCC [7]), unclear motivation (CATT [5]), multiplexing of LP HARQ on HP UL channel to be specified in Rel-17 (CMCC [7]), multiplexing LP & HP should be prioritized (Panasonic [16]) 


Suggested methods to support re-transmission of canceled HARQ-ACK:
· Alt. 1 -  Enhanced Type 2 CB: 3x Yes – 2x No
· Yes: vivo [2] (support for SPS needed), Sony [11] (as a starting point), Panasonic [16] (as a starting point), APT [19]
· No: Nokia/NSB [14] (not compatible with Type1-CB & SPS), DOCOMO [26] (optimized for NR-U COT operation)
· Alt. 2 - One-shot / Type 3 CB: 11x Yes – 1x No
· Yes: vivo [2] (incl. triggering of subset of cells/HARQ processes/…), Ericsson [3] (incl. priority in the triggering DCI, only activated CCs), TCL [4], Sony [11] (as a starting point), Nokia/NSB [14] (incl. optimizations / size reduction in CB size), Panasonic [16] (as a starting point), APT [19] (indicating LP or HP for intra-UE prioritization), Sharp [23] (clarify necessity, Type 3 CB PHY priority specific &  triggering DCI to indicate the PHY priority), DOCOMO [26] (irrespective of PHY priority), WILUS [27] (incl. triggering a subset/partial CB, based on config. or dynamic indication), QC [28] (incl. time window T to limit the number of HARQ processes / reduced the CB size) 
· No: Samsung [9] (large Type 3 CB overhead)
· Alt. 3 - UL grant scheduling PUSCH to carry dropped HARQ: 3 companies
· Samsung [9] (without UL-SCH) , ZTE [13] (with/without UL-SCH)
· Nokia/NSB [14] (UL grant re-tx triggering, semi-static configuration for CG PUSCH)
· Alt. 4 - DCI scheduling new PUCCH / PUSCH resource for LP HARQ re-transmission: 1 company
· ZTE [13] (in addition, also DCI triggering of HARQ-ACK transmission cancelation is proposed) 

Issues for further considerations: 
· Sony in [11] highlighting the need to discuss the handling of re-transmission of different priorities (e.g. case of LP re-transmitted HARQ with new HP HARQ, …) and different CB types (Type 2 CB re-transmitted in e-Type 2 or Type 3 CB). 

6.1 First round of email discussions
Moderator comments: 
There seems to be a majority of companies suggesting supporting some re-transmission method for canceled HARQ-ACK at least for low-priority HARQ-ACK and even more companies suggesting to support Type 3 CB type of operation (incl. potential optimizations) for licensed band operation. 
As was also pointed out during the GTW session on Mon. Nov. 2nd by vivo, there is a decision from the Thu UE capability session on NR-U to support Enhanced Type 2 CB (FG 10-15) and one-shot / Type 3 CB (FG 10-16) also for licensed band operation. 
Agreements:
· The FG10-15/16 are also applicable to licensed bands
· The FG10-20a is also applicable to licensed bands
· Note: this agreement should not cause any specification impact

	10-15
	Enhanced dynamic HARQ codebook
	1. Support of bit fields signalling PDSCH HARQ group index and NFI in DCI 1_1 (configuration of nfi-TotalDAI-Included)
2. Support of bit field in DCI 0_1 for other group total DAI if configured. (configuration of ul-TotalDAI-Included)
3. Support the retransmission of HARQ ACK (pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16)

	10-16
	One-shot HARQ ACK feedback
	1. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_1 scheduling a PDSCH
2. Support feedback of type 3 HARQ-ACK codebook , triggered by a DCI 1_1 without scheduling a PDSCH using a reserved FDRA value



Therefore, at least two (Alt. 1 & Alt. 2) of the 4 alternatives discussed by different companies to enable canceled HARQ-ACK retransmission are supported also for licensed band operation in Rel-16 already. Thus, in principle there would be no immanent need for any specification work to support HARQ re-transmission of canceled HARQ (as already supported). 
Therefore, the following questions come to mind here (which are for discussion below):
· Is there a need to specify additional methods (e.g. Alt. 3 / 4) on top of the already supported HARQ re-transmission methods for licensed band (one-shot / Type 3 CB, enhanced dynamic / e-Type 2 CB), or are these sufficient?
· Are enhancements to Rel-16 one-shot / Type 3 CB operation or construction needed to (efficiently) support re-transmission of canceled HARQ-ACK?
· Are enhancements to Rel-16 Enhanced dynamic HARQ codebook needed to (efficiently) support re-transmission of canceled HARQ-ACK?

Question 6.1: Is there a need to specify additional methods (Yes/No) or are the methods supported in Rel-16 to enable canceled HARQ-ACK re-transmission (enhanced dynamic codebook operation / eType2 CB, one-shot / Type 3 CB) sufficient? 
· If Yes, please provide your input which additional method(s) need to be supported and the reasons for supporting additional methods. 
	Company
	Yes / No
	Comments

	vivo
	No
	Rel-16 eType2 CB, Type 3 CB should be the baseline for enhancement. 

	LG
	No
	We think existing methods in Rel-16 are sufficient to achieve our goal. 

	Sony
	Yes
	It will be good to consider operation of e-Type 2 and Type 3 with L1 priorities and also retransmission of HARQ-ACK from one type of CB to another type of CB, e.g. how is the DAI managed.

	Intel
	Yes
	We think the discussion around Type 3 CB here should not prevent considerations of further optimization as part of “SPS HARQ-ACK dropping in TDD”.
As a lightweight solution, we suggest considering providing additional PUCCH resource together with the original resource which can be used for retransmission.

	Samsung
	Yes
	1) Although Enhanced Type 2 CB (FG 10-15) and one-shot / Type 3 CB (FG 10-16) are also supported for licensed band operation, we think that a network/UE not supporting NR-U, should not have to support NR-U specific codebooks. So, we think that it needs to specify additional method for general purpose. 
2) All contents of a cancelled PUCCH transmission should be possible to retransmit, not only HARQ-ACK. 
3) For Type 3 HARQ-ACK CB, no point including HARQ-ACK other than the dropped one.
4) A gNB can simply use an UL grant to request UCI from a dropped PUCCH.

	WILUS
	No
	We support Type-3 CB enhancements for cancelled HARQ-ACK.

	DOCOMO
	No
	

	Panasonic
	No
	We think Rel.16 features are sufficient.

	CMCC
	No
	Type-3 CB is enough if retransmission of cancelled HARQ is needed.

	TCL
	No
	We think the existing methods supported in Rel-16 could be the baseline.

	Spreadtrum
	Yes
	Support Type 3 CB to be the baseline for enhancement.

	ZTE
	Yes
	We support Alt3 and Alt4 as well. If there is UL data to be scheduled, The UL grant scheduling a PUSCH naturally triggers the retransmission of HARQ-ACK which piggyback in the PUSCH. Obviously, if the one shot CB is adopted, an additional DL grant that triggers the one shot CB needs to be transmitted, which will increase a DCI overhead and potential blocking probability.
For one shot or type3 CB approach, the codebook overhead is huge.

	NEC
	No
	Support Type-3 CB enhancements for cancelled HARQ-ACK.

	Nokia, NSB
	Yes 
	Enhancements for Type 3 CB can be considered to enable more efficient operation (but this is to be anyhow considered, see next question)
In addition, we also support UL grant based HARQ-ACK re-transmission (as Samsung above), 

	OPPO
	Yes
	1) Retransmitting cancelled PUCCH is a simple and efficient solution.
2) Comparing with retransmitting cancelled PUCCH, 
· Type 3 CB allows HARQ-ACK retransmission only, other cancelled UCIs cannot be transmitted  
Type 3 CB requires UE to reconstruct HARQ-ACK codebook. On the one hand, it is not efficient due to other transmitted HARQ-ACK information will repeat. On the other hand, it increases UE complexity.

	CATT
	No
	Type-3 CB is enough if retransmission of cancelled HARQ is needed.

	MediaTek
	No
	We prefer to re-use existing schemes as much as possible. 

	InterDigital
	No
	Existing mechanisms can be considered as baseline.

	Sharp
	Yes
	Type 3 CB could be further enhanced with the consideration of priorities.

	Lenovo, Motorola Mobility
	Yes
	For SPS PDSCH HARQ-ACK, we think that UE should be able to transmit dropped SPS PDSCH HARQ-ACK based on a specified rule and configuration without receiving a DCI format including a new feedback indicator. 

	QC
	No
	No need for additional methods.

	APT
	Yes
	Both enhanced Type 2 codebook and Type 3 codebook should be enhanced to operate with both high priority and low priority codebooks.



Question 6.2: Is there a need to specify enhancements to Rel-16 one-shot / Type CB operation to enable improved support for canceled HARQ-ACK for licensed band URLLC operation? (Yes / No)
· If Yes, please provide some examples which enhancements should be considered. 
	Company
	Yes / No
	Comments

	vivo
	Yes
	Reduce Type 3 HARQ-ACK codebook size, for example a subset of carriers and/or a subset of HARQ processes can be triggered to feedback the HARQ-ACK.   

	LG
	No
	We think existing methods in Rel-16 are sufficient to achieve our goal. 

	Sony
	Yes
	Consider retransmission from one CB to Type 3 CB and whether there is a need to consider the L1 priority in Type 3 CB for size reduction.

	Intel
	Yes
	Since we suggest Type 3 CB optimizations as part of “SPS HARQ-ACK dropping in TDD”, it would be natural to consider the enhancements for generic cases.

	Samsung
	No
	Rel-16 one-shot is not applicable on licensed bands (networks and UEs should not have to implement it). Associated overhead is highly inappropriate for URLLC. Modifications/“enhancements” to Rel-16 one shot are unnecessary and out of scope.  

	WILUS
	Yes
	Type-3 CB contains HARQ-ACK information for all HPNs across all cells. To ensure reliability of type-3 CB, it needs to enhance the type-3 CB containing HARQ-ACK information for some of HPNs across some of cells. The included HPNs/cells are pre-configured or indicated by DCI format requesting type-3 CB.

	DOCOMO
	FFS
	PHY priority is not considered for one-shot HARQ feedback. FFS on whether specification is needed for one-shot HARQ considering different PHY priorities or simply for all HARQ processed irrespective of the PHY priority. Another possible enhancement to reduce one-shot HARQ CB payload can also be FFS.

	Panasonic
	Yes
	Unified enhancement with SPS HARQ-ACK dropping for TDD would be necessary.

	Spreadtrum 
	Yes
	Further enhancement of Type 3 HARQ-ACK codebook can be considered to improve the retransmission efficiency.

	ZTE
	Yes
	If the majority view to support type3 CB approach, we think the codebook overhead and priority issue should be optimized.

	NEC
	Yes
	The methods for reducing the Type-3 HARQ-ACK codebook size should be further studied.  

	Nokia, NSB
	Yes
	Methods to reduce the payload size should be considered. 

	OPPO
	Yes
	Payload size compression and different priority should be considered for Type 3 CB enhancement

	CATT
	No
	We do not see the need for further enhancements.

	MediaTek
	FFS
	We prefer to re-use existing schemes as much as possible. However, it is fine to study if some enhancements are needed for these two features.

	InterDigital 
	Yes
	Multiplexing HARQ-ACK associated with different priorities may have impacts on high priority HARQ A/N bits.

	Sharp
	Yes
	Type-3 HARQ-ACK codebook with mixed priorities should be considered.

	Lenovo, Motorola Mobility
	No
	

	QC
	Yes
	Type 3 HARQ codebook size and content

	APT
	Yes
	Size reduction of Type 3 HARQ-ACK codebook should be studied for retransmission of high priority codebook.



Question 6.3: Is there a need to specify enhancements to Rel-16 enhanced dynamic codebook operation / eType2 CB to enable improved support for canceled HARQ-ACK for licensed band URLLC operation? 
· If Yes, please provide some examples which enhancements should be considered. 
	Company
	Yes / No
	Comments

	vivo
	FFS
	At least the HARQ-ACK retransmission for dynamic PDSCH can be supported. 
Potential enhancements for retransmission of HARQ-ACK for SPS PDSCH if using eType 2 CB is supported.

	LG
	No
	We think existing methods in Rel-16 are sufficient to achieve our goal. 

	Sony
	Yes
	Consider retransmission from one CB to Type 3 CB and whether there is a need to consider the L1 priority.

	Intel
	No
	Focus on Type 3 CB optimization only

	Samsung
	No
	Same reasons as for Type-3/“One shot”

	WILUS
	No
	Enhanced type-2 CB is one of candidates for cancelled HARQ-ACK. But, we do not see any further enhancements for enhanced type-2 CB. 

	DOCOMO
	FFS
	PHY priority issue may be considered like above one-shot HARQ-ACK CB in Question 6.2.

	Huawei, HiSilicon
	No
	We still don't see the motivation for re-transmission of cancelled HARQ-ACK as commented above. 
In addition, for Rel-16 enhanced dynamic codebook operation, it seems available only when a new DCI scheduling a new PDSCH is available, not sure how much benefit it can achieve especially it doesn't work for SPS PDSCH. 

	Panasonic
	No
	We think Rel.16 feature is sufficient.

	ZTE
	No
	

	Nokia, NSB
	No
	Overall, we don’t think that e-Type2 CB is very appropriate for the issue we try to solve here. Therefore, no need for enhancements foreseen. 

	OPPO
	No
	Focus on Type 3 CB enhancement only

	CATT
	No
	We do not see the need for further enhancements.

	MediaTek
	FFS
	We prefer to re-use existing schemes as much as possible. However, it is fine to study if some enhancements are needed for these two features.

	Ericsson
	No, BUT
	Baseline should be Type-3.
What would be beneficial to ensure that e-Type 2 should be extended to DCI 1_2. For that, the association of PDSCH group and priorities can be clarified with simple rules , similarly to Type-3. So, in that sense, it is good to extend the support to DCI 2_1 when priority is indicated.

	InterDigital
	No
	PDSCH grouping as it was introduced in Rel-16 is sufficient.

	Sharp
	No
	Focus on Type 3 CB optimization only.

	Lenovo, Motorola Mobility
	No
	

	QC
	No
	eCB Type 2 is not suitable solution for retransmission of canceled HARQ

	APT
	Yes
	Enhanced Type 2 codebook should be enhanced to operate in case both high priority and low priority codebook are configured.



6.2 Second round of email discussions
FL summary on the available input of the 1st round:
Based on the companies feedback, the following can be noted: 
· A strong majority suggesting that the there is no need to consider additional alternatives (on top of e-Type 2,  one shot / Type 3 CB including potential enhancements) 
· 12x No
· 3 companies indicate ‘Yes’, but seem to be talking about enhancements on top of e-Type 2 (priority handling) or Type 3 CB (optimizations, priority handling, multiplexing): Spreadtrum, Sony, APT
· 7 companies suggesting also other enhancements such as re-transmission of the cancelled PUCCH / HARQ payload. For some of those companies replies the intention is not fully clear to the FL here (MotoLenovo, OPPO) 
· A strong majority of companies are suggesting potential enhancements to one shot / Type 3 CB operation
· Two company saying ‘Yes’ there is a need for enhancements to enhanced dynamic CB / e-Type 2 CB – whereas 10 companies think that no enhancements are needed. 
· Mentioned enhancements: PHY priority handling for e-Type 2 CB (Sony, APT), DCI format 1_2 support (E///)

Moderator comments for 2nd round: 
As there may be slightly more time for this AI till the next handling, try to get input on the following questions related to the already supported methods that can be used for re-tx HARQ – namely e-Type 2 and Type 3 CB.

Question 6.2.1: Which enhancements of Rel-16 one-shot / Type 3 CB should be considered for the purpose of retransmission of canceled HARQ? Please be specific about your intentioned enhancements (e.g. payload size reduction is a goal, but not an enhancement…). 

	Company
	Comments

	Sony
	I take it this also includes enhancements for e-Type 2 CB (as described in “Moderator comments for 2nd round” above).  We should consider interactions with L1 priority and the mixture of CB Types (e.g. e-Type 2 CB HARQ-ACK being transmitted in Type 3 CB HARQ-ACK and vice versa) 

	QC
	Need to guarantee that the feedback provided by the modified HARQ CB 3 does not exceed any limit and it maintains the in order delivery of HARQ feedback.

	InterDigital
	HARQ codebook content. For example, HARQ feedback of only dropped HARQ-ACK or dropped and subsequent HARQ ACK corresponding to the same L1 priority.

	Samsung
	No need to consider any enhancements to HARQ-ACK codebooks. 
Do not support requiring a UE/gNB that does not support NR-U, having to use NR-U mechanisms in order to deploy any Rel-17 IIoT functionality. Rel-16 solutions for non-shared spectrum are sufficient.  

	DOCOMO
	We think it should be clarified whether and how PHY priority to be considered for type 3 CB.

	vivo
	The network can trigger a subset of serving cells and/or a subset of HARQ processes for which the corresponding HARQ-ACK has been cancelled and a subsequent retransmission is desired. The trigger information may be indicated in the triggering DCI, e.g. reinterpreting some unused field(s) when a DCI format 1_1 triggering Type-3 codebook does not schedule a PDSCH reception. Thus the codebook can only include the desired HARQ-ACK and unnecessary HARQ-ACK bit(s) is avoided.

	ZTE
	If type 3 CB is adopted for retransmission of cancelled HARQ, we need to define the codebook belonging to the cancelled HARQ-ACK only, but not for all the HARQ codebook in traditional type 3 CB. 

	WILUS
	To reduce type-3 CB size, the type-3 CB only contains the dropped HARQ-ACKs by indicating HARQ process numbers/cells to be contained. L1 priority can be further used to reduce type-3 CB size. 

	Nokia, NSB
	First of all, we would like to note that it may be good in the future (e.g. starting from the next RAN1 meeting), to treat the enhancements to ‘Type 3 CB’ jointly for SPS HARQ dropping for TDD and re-transmission of cancelled HARQ jointly. 
The following methods could be further considered to decrease the codebook size: 
1. Restrict only to activated CCs (as suggested by E///)
2. Configuration restrictions per RRC: e.g. only certain CCs included, also only certain HARQ-IDs could be considered (for the applicable CCs)
3. Dynamic indication of a subset as proposed by vivo
· Subset could be similarly defined as in 2., i.e. RRC configuration of HARQ-IDs on a CC to a Type 3 CB subset. 
On the discussed priority handling by some companies, it is not fully clear to us how a Type 3 CB (using HARQ-ID based operation) could really be enhanced for priority handling, as a HARQ ID is not really associated with any priority (except for SPS HARQ). So further clarifications from proponent companies would be appreciated. 

	Spreadtrum
	CB3 codebook priority determination, multiplexing, and how to determine/indicate the HARQ processes for feedback.

	OPPO
	Enhancement for HARQ-ACK payload size, e.g. only for the cancelled one, or for others pending ones.

	CATT
	We have not seen the clear motivation for enhancements.

	Ericsson
	The enhancement we are addressing are simple and two folds:
· Size reduction: starting from considering activated cells instead of configured.
· Applicability of one shot for two-level priority indication:
· Enabling DCI 1_2 to trigger one-shot
· Associate priority to PUCCH carrying one-shot.
Enhancements related to codebook size reduction can be considered. For example, a simple change as a starting point is to allow only A/N of “activated CCs” in the codebook instead of all “configured CCs”. Further enhancements for size reduction can be discussed.
In addition to codebook size reduction, we think the following enhancements are simple to specify and important to make to the applicability of Type-3 HARQ-ACK more complete. 
· A priority indication in the DCI triggering Type-3 HARQ-ACK codebook should be supported.  The reason is that with priority indication, the dropped HARQ-ACK can possibly be included immediately as part of the HARQ-ACK feedback based on Type-3 HARQ-ACK codebook. Note that Type-3 HARQ-ACK feedback contains HARQ-ACK bits of all HARQ processes regardless of priority in the triggering DCI. The priority indication here is used only for selecting proper parameters for PUCCH transmission and for the purpose of UL prioritization.  
· For completeness, the “One-shot HARQ-ACK request” field should also be included in DCI format 1_2 to support triggering Type-3 HARQ-ACK codebook by DCI format 1_2.


	NEC
	We think enhancements on Type-3 HARQ-ACK payload size reduction can be considered. 



There has less support for enhancements for e-Type2 CB (and less suggested enhancements), therefore the question directly, if the following enhancements should be specified for Rel-17: 

Question 6.2.2: Should e-Type 2 CB  be enhanced by (1) PHY priority handling and/or (2) triggering by DCI format 1_2 and/ or (3) SPS HARQ? If further enhancements are suggested, please provide your suggestions as a comment.  

	Company
	Priority
Y / N
	DCI 1_2
Y / N
	SPS
Y/N
	Comments / addition enhancements

	QC
	NO
	NO
	No
	eCB Type 2 is not suitable solution for retransmission of canceled HARQ

	Samsung
	N
	N
	N
	Same comment as above

	DOCOMO
	FFS
	FFS
	N
	We think it should be clarified whether and how PHY priority to be considered for enhanced type 2 CB. 

	vivo
	FFS
	N
	FFS
	Type 2 is already agreed to extend from the unlicensed band to licensed band. So we think the relationship between PDSCH groups and PHY priorities should be clarified when a UE can be configured with two codebooks. 
In addition, at present, e-Type 2 CB does not support retransmission for SPS HARQ-ACK. If retransmission of cancelled HARQ-ACK is expected to cover the case of dropped SPS HARQ-ACK, e-Type 2 CB can be enhanced to support retransmission for SPS HARQ-ACK. 

	ZTE
	No
	No
	No
	If the one shot is adopted, it is not necessary to adopt type 2 CB. 

	Nokia, NSB
	N
	Y
	N
	Priority handling: We then would have 4 codebooks (and the sub-codebooks for CBG on top) that need to be maintained (and managed) at gNB and UE side. Very much a complexity issue. 
DCI format 1_2: Could be an easy extension, no need to not support such change (with relatively small specs impact)
SPS handling: There has been reasons in the NR-U discussion on not supporting SPS HARQ here, and the reason basically is coming from the fact that for an SPS configuration (at least after activation), a fixed group would need to be assigned which cannot be changed dynamically (which is the intention of the e-Type 2 codebook to have the codebook grouping dynamic in that respect). Therefore, we do not suggest to waste effort on this a second time.  

	Spreadtrum
	N
	N
	N
	

	OPPO
	N
	N
	N
	

	LG
	N
	N
	N
	We think e type 2 CB is not need to be considered since there is no specific benefit over type 3 in terms of URLLC scenarios. 

	CATT
	N
	N
	N
	Similar view as QC.

	Ericsson
	Y
	Y
	N
	It would be beneficial to ensure that e-Type 2 should be extended to DCI 1_2. For that, the association of PDSCH group and priorities can be clarified with simple rules, similarly to Type-3. So, in that sense, it is good to extend the support to DCI 1_2 when priority is indicated.
We don’t see technical reasons for not doing this. The work should have been done in Rel-16 in fact.

	NEC
	No
	No
	No
	e-Type 2 HARQ-ACK CB is complicated which is not suitable for retransmission of canceled HARQ.



Of course what is more tricky is, if the group is willing (based on majority view) to focus on potential enhancements for e-Type 2 / one shot / Type 3 codebook based on a clear majority, or if we should still keep e.g. Alt. 3 & 4 on the table for now. 
Anyhow, a related proposal could be looking like this – companies to provide their views below: 
[bookmark: _Hlk55414253]Proposal 6.2: Focus the further discussions on re-transmission of cancelled HARQ on the already supported methods of (1) enhanced dynamic CB and (2) one shot / Type 3 CB. 
· This includes potential enhancements for e-Type 2 CB for URLLC
· This includes potential enhancements to one shot / Type 3 CB for URLLC

Please provide your support / not support below, based on the latest discussions


	
	List of companies

	Support proposal 6.2
	QC (focus on CB 3 solution), InterDigital, DOCOMO, vivo, ZTE (focus on CB 3 solution), Panasonic, Spreadtrum (focus on CB 3 solution), NEC (focus on CB 3 solution)

	Do not support proposal 6.2
	Samsung, Nokia / NSB, LG (at least not to focus enhanced type-2), CATT



Addition comments can be provided here: 

	Company
	Comments

	Intel
	Handling of retransmission of cancelled HARQ other than SPS HARQ-ACK may not be that crucial. Thus, we may be open to consider the direction of proposal 6.2 if there is interest in the group.

	Samsung
	As previously commented, we do not see any reason for a gNB/UE that does not support NR-U, having to use any NR-U solution to support any Rel-17 IIoT functionality when Rel-16 solutions for operation in non-shared spectrum suffice.
Also, all contents of a cancelled PUCCH transmission should be possible to retransmit, not only HARQ-ACK. 
A gNB can simply use an UL grant to request UCI from a dropped PUCCH in a similar manner as for requesting an A-CSI report.

	ZTE
	We also support UL grant for retransmission for cancelled HARQ or other UCI. This doesn’t collide with CB 3 approach. 

	OPPO
	We also support DCI, including UL grant, for retransmission for cancelled HARQ or other UCI.

	
	



6.3 Third round of email discussions
Moderator comments for 3rd round: 
From the replies in the 2nd round, the following can be noted with respect to the studies on re-transmission of cancelled HARQ: 
· There is interest by majority of companies to consider enhancements to one-shot / Type 3 CB
· The enhancements are rather diverse, maybe better if companies bring their full proposals on Type 3 CB enhancements to RAN1#104-e
· There is little interest in enhancing dynamic CB / e-Type 2 CB
· Only 1 from 10 companies indicated ‘Yes’ to support DCI format 1_2, none of 10 companies indicated ‘Yes’ for SPS support and/or priority handling
· The same 3-4 companies that proposed Alt. 3 and/or Alt. 4 originally, think that in addition to potential enhancements of the already supported methods, additional methods such as Alt. 3 or Alt. 4 should be supported. 
· There UL grant scheduling the re-transmission (Alt. 3) seems to have most support here. 

Therefore, maybe we could get an indication of the company positions here, based on the second round on A or B, where the further discussion focus could be set: 

Question: In the studies on retransmission of cancelled HARQ should, the study focus should be 
A. … on enhancements to one-shot / Type 3 CB (Alt. 2)
B. … on enhancements to one-shot / Type 3 CB (Alt. 2) and UL grant scheduling PUSCH to carry dropped HARQ-ACK (Alt. 3)


	
	List of companies

	A. Only Type 3 CB enh.
	vivo, CATT, NEC, Intel, QC, DOCOMO, LGE, APT

Comments: 
Intel (prefer a single track with enhancement for SPS HARQ-ACK dropping)


	B. Type 3 CB enh. & Alt. 3
(UL grant scheduling PUSCH for re-tx)
	Samsung, ZTE, OPPO, Sony, Ericsson, Nokia/NSB

Comments: 
Samsung: It would be better to describe what is proposed to be supported. How to support it can be discussed at next time. We do not support introduction of Type-3 CB for non-shared spectrum (much less, Type-3 CB enhancements).
Nokia reply to Samsung: Type 3 codebook is supported for non-shared spectrum in Rel-16 already. Please check the related agreements noted in the first round of email discussion (in Sec. 6.1)




6.4 Fourth round of email discussions
Moderator comments for 4th round: 
Based on the input of the 3rd round, the following can be note: 
· There is an about 50/50 split on opinions, if Type 3 CB enhancements are sufficient or if e.g. Alt. 3 (UL grant scheduling PUSCH for HARQ re-tx) should still be considered
· FL recommendation: As it seems to be not possible to converge here on any down-selection in this meeting, let’s continue the discussion in RAN1#104-e. 
· There seems to be slightly different understanding (see comment by Samsung above, some emails on the reflector), if Type 3 CB is also supported for non-shared spectrum operation in Rel-16 based on the related agreements in the UE feature discussions during RAN1#103-e. 
· FL recommendation: It would be good to have common understanding of the group on this point. Companies are encouraged to provide their input – how the see the related discussions.  

Again, here the related agreements from the FL discussions:
Agreements:
· The FG10-15/16 are also applicable to licensed bands
· The FG10-20a is also applicable to licensed bands
· Note: this agreement should not cause any specification impact

	10-15
	Enhanced dynamic HARQ codebook
	1. Support of bit fields signalling PDSCH HARQ group index and NFI in DCI 1_1 (configuration of nfi-TotalDAI-Included)
2. Support of bit field in DCI 0_1 for other group total DAI if configured. (configuration of ul-TotalDAI-Included)
3. Support the retransmission of HARQ ACK (pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16)

	10-16
	One-shot HARQ ACK feedback
	3. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_1 scheduling a PDSCH
4. Support feedback of type 3 HARQ-ACK codebook , triggered by a DCI 1_1 without scheduling a PDSCH using a reserved FDRA value



One thing to note here of course is, that there is a difference if a feature is supported in the specifications (and UE is able to indicate the support) or if this will be implemented by UE and/or gNB for licensed band operation only (this is a decision that chip/UE vendors and gNB vendors have to make based on the available specifications, but is not for us to judge / decide here). 

Question 6.4 for clarification: Do you agree, that enhanced dynamic codebook (e-Type 2) and Type 3 CB are supported also for licensed band operation in Rel-16?
	Company
	Yes / No
	Comments

	CATT
	Yes
	

	Intel
	Yes
	

	vivo
	Yes
	

	MediaTek
	Yes
	

	Nokia, NSB
	Yes
	

	Ericsson
	Yes
	

	InterDigital
	Yes
	

	Sharp
	Yes
	

	Samsung
	No
	For URLLC purposes, there are no corresponding fields in DCI format 1_2 and that is not by accident. RANP also explicitly discussed that aspect and did not agree on inclusion of NR-U fields (including for Type-3 trigger) in DCI formats not used for NR-U. It is clear that there was never any intention to support NR-U codebooks in non-shared spectrum – the exact opposite is true.
A NW and a UE not supporting NR-U have no reason to support the above codebooks. For example, as is known since earlier LTE releases when it was first discussed, Type-3 (and any possible enhancements) never outperforms Type-2.  
Enhanced Type-2 and Type-3 should be regarded as non-existent codebooks for non-shared spectrum. Support for non-shared spectrum functionalities should not rely on an assumption of availability for the above codebooks.

	Panasonic
	Yes
	

	DOCOMO
	Yes
	

	ZTE
	Partially Yes
	From our understanding, the enhanced dynamic codebook (e-Type 2) and Type 3 CB are supported also for licensed band operation in Rel-16 but this not mandatory feature. If UE doesn’t support this feature, we also need a substitutable scheme to fulfil the retransmission of cancelled HARQ, e.g. the UL grant scheduling PUSCH for re-tx.

	OPPO
	Yes
	

	Huawei, HiSilicon
	
	Support on the licensed band doesn't automatically mean it will be supported for URLLC in our understanding, especially if any additional specification change needed in order to enable the support in Rel-16. If it cannot be supported by the current mechanisms in Rel-16, the conclusion should be that it cannot be supported for that Rel-16 feature. 
In addition, for URLLC we really don’t see the motivation for type 3 CB, considering the reliability of URLLC is really an important aspect. 

	Spreadtrum
	Yes
	

	LG
	Yes
	




6.5 RAN1#103-e outcome & RAN1#104-e outlook
Final RAN1#103-e moderator comments: 
Based on the feedback of companies on Question 6.4, it seems to be clear that Enhanced dynamic CB an Type 3 codebook are supported in the 3GPP specifications also for licensed band operation. Two companies point out, that this does not mean that there would be UE or gNB support for these. The moderator would like to point out here, that the same would equally apply to any new, additional method introduced in Rel-17 for the purpose of re-transmission of cancelled HARQ-ACK.
Based on the feedback (Question 6.2.2), there seems to be little interest to pursue enhancements of enhanced dynamic CB / e-Type 2 CB, but more interest in enhancing Type 3 CB. Companies are encouraged to provide input to the following issues: 
· Alt. 1 -  Enhancements on top of Rel-16 enhanced dynamic CB (e-Type 2 CB)
· As there seems to be little interest, companies proposing related enhancements should clarify which enhancements and why such should be specified – in order to maybe convince companies still to also work on related enhancements
· Alt. 2 – Enhancements on to of Rel-16 Type 3 CB 
· Which enhancements to Type 3 CB are envisioned (please describe in detail)
· Maybe worth considering enhancements here more generically, including using one-shot / Type 3 CB type re-transmission also for SPS TDD issue (of Sec. 2) – e.g. discuss them jointly. 
· Alt. 3 / Alt. 4: DCI scheduling PUSCH (Alt. 3) or PUCCH (Alt. 4) to carry dropped HARQ 
· Details on the operation 
· Advantages over Alt. 1 / Alt. 2 
· …
Moreover, please also consider the good input provided in [11] on the need to consider the interaction /multiplexing of different priorities as well as different CB types. 

7 Type 1 HARQ codebook based on sub-slot PUCCH config 

On this issue, it is currently still unclear, if the Type 1 CB is supported in Rel-16 already or not. Hereby one needs to additionally refer to the related ongoing email discussion “[103-e-NR-L1enh_URLLC-UCI_Enh-03]”. 

Overall, the following on the support in Rel-16 or in Rel-17 based on company inputs in their input contributions can be noted. 
Support for Type 1 HARQ-ACK codebook for sub-slot PUCCH in Rel-16 or in Rel-17: 
· Support in Rel-16 (1 company): Nokia/NSB [14]
· Support in Rel-17 (11 companies): HW/HiSi [1], Ericsson [3], CATT [5], CMCC [7] (high priority), Samsung [9] (subject to minimal additional specification/implementation complexity), OPPO [10], ZTE [13], Nokia/NSB [14] (latest in Rel-17), NEC [15], Spreadtrum [25], DOCOMO [26] (if not in Rel-16)
· Low priority / no support (2 companies): Xiaomi [6] (low priority, as Type 1 & 2 is having almost same miss detection performance for URLLC), MTK [20] (no strong benefit for URLLC) 


Ways to support the Type 1 HARQ-ACK CB for sub-slot PUCCH: 
· HW/HiSi [1]: “For example, the associated sub-slots of a given UL sub-slot can be determined based on the configured K1 set, then for each sub-slot the SLIVs whose ending symbols are located in this sub-slot are selected from the configured SLIV set and the SLIV splitting is performed for these SLIVs belonging to the same sub-slot to get the PDSCH occasion per sub-slot”
· Ericsson [3]: Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the  ratio  is changed to , where N is the number of sub-slots in an UL slot.
· CATT [5]: …find all the PDSCH occasions based on the boundary of UL sub-slot so that the redundant HARQ-ACK bit(s) can be removed and all the PDSCH occasions can be included. Therefore, we propose to improve sub-slot based Type-1 HARQ-ACK codebook.
· OPPO [9]: For a given sub-slot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the sub-slot, row r is removed from the cardinality of TDRA rows. (figure in Appendix)
· ZTE [13]: … see also figures in appendix [13]
· Divide candidate PDSCHs into SLIV groups in a slot level (already supported in Rel-15/16).
· Associate a SLIV group with a virtual DL sub-slot according to the latest end symbol of the PDSCHs in the SLIV group.
· Cascade the HARQ-ACK bit corresponding to each SLIV group according to the order of the SLIV group.
· Nokia/NSB [in R16 maintenance TDoc R1-2008298]: 
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: If a UL sub-slot in the HARQ-ACK window spans multiple DL slots, create a new TDRA table which is the union of the configured TDRA table and the configured TDRA table offset by 14 symbols.     
· Step 3: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slots within a slot.
· Step 4: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
· NEC [15] – figures see Appendix 15
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slot within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
· Spreadtrum [25]
1. For a UCI to be sent in sub-slot n, determine the union set of K1 values in unit of sub-slot according to the DCI formats the UE is configured to monitor PDCCH. 
2. Determine the union set of row indexed of TDRAs for DCI formats the UE is configured to monitor PDCCH
a) At sub-slot n-K1 with the given value K1, all the PDSCH occasions indicated in the TDRA tables configured by higher layers are considered to determine the codebook size. 
b) If PDCCH starting symbol as the reference of SLIV is supported, the corresponding SLIVs with starting symbol  replaced by  should also be added into candidate PDSCH occasion sets.
3. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]The PDSCH occasions that conflict with TDD DL/UL configuration are removed first. The remaining PDSCH occasions selection for determining the codebook size is given as  the procedure below:
1) Select T to be smallest end symbol index of all the available SLIVs in sub-slot n-K1.
2) Move the corresponding SLIV with ending symbol T into the chosen SLIV set .
3) Cancel the remaining SLIVs that starts no later than T. 
4) Go back to step 1) until all the SLIVs ending in sub-slot n-K1 are looped and get the final SLIV set  to generate HARQ-ACK bits.
· Qualcomm (as part of email discussion [103-e-NR-L1enh_URLLC-UCI_Enh-03])
Change the Type-1 HARQ-ACK codebook algorithm to support sub-slot and cross numerologies as belows:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: If a UL sub-slot in the HARQ-ACK window spans multiple DL slots, create a new TDRA table which is the union of the configured TDRA table and the configured TDRA table offset by 14 symbols.     
· Step 3: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. A PDSCH TDRA is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot. N is the number of sub-slots within a slot.
· Step 4: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.


Other suggested Type 1 CB enhancements – not necessarily related to Type 1 CB for sub-slot PUCCH: 
· Reduce redundant bits – by taking the configured DCI monitoring occasions (e.g. for DCI format 1_2) into account: CATT [5] (Figure in Appendix [5])
· Extended SLIV for intra-slot PDSCH repetition: Samsung [9] (Figure see Appendix [9])
· Configuration of ‘feedback TDRA’ table for Type 1 CB size reduction: Nokia/NSB [14] (Figures see Appendix [14])
· Using DAI for Type 1 CB size reduction: NEC [15] (use existing C-DAI and re-defined T-DAI for Type 1 CB)

7.1 First round of email discussions
Moderator comments: 
It is still not clear if the Type 1 CB for sub-slot PUCCH is supported in Rel-16 or not, as is visible from the current discussion status of the Rel-16 maintenance discussions in email thread [103-e-NR-L1enh_URLLC-UCI_Enh-03]. 
But based on companies’ position, there is a large majority of companies suggesting supporting it in Rel-17. Considering the unclear status of the Rel-16 support, the only thing at this point of time that RAN1 could discuss or potentially agree, would be to agree the support it in Rel-17, if not supported in Rel-16. 
Therefore, the following proposal is suggested: 
FL Proposal 7.1: If not already supported in Rel-16, support Type-1 HARQ-ACK codebook for sub-slot based HARQ-ACK feedback in Rel-17.
· FFS: Details including Type-1 codebook design for sub-slot PUCCH 
· FFS: Other Type 1 CB construction enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)

	Company
	Yes / No
	Comments

	vivo
	Yes in principle
	On second FFS, considering the limited time, better to focus on Type-1 codebook design for sub-slot PUCCH, deprioritize the slot based HARQ-ACK feedback enhancement.

	LG
	Yes
	We think Type-1 codebook is not essential for URLLC, but fine to support for the sake of progresses. 

	Sony
	Yes
	Low priority since it isn’t critical for URLLC operation.

	Intel
	No
	We don’t see how the situation has changed from Rel.16 where Type 1 CB was not supported due to complexity and dimensioning reasons.

	Samsung
	
	Okay to further study. We are open to discuss which details (specification impact) to be discussed further before deciding to support this feature as the need/use for URLLC is marginal/questionable.

	WILUS
	FFS
	Type-2 CB can be already supported for sub-slot PUCCH. Gain from type-1 CB seems to be marginal. If supported, reliability of type-1 CB is one of concerns. To ensure reliability, further enhancements for type-1 CB size reduction by dropping redundant bits are studied. 

	DOCOMO
	Yes
	Type-1 codebook can achieve more robust HARQ-ACK feedback.

	Huawei, HiSilicon 
	Yes
	We still think type 1 codebook should be supported for higher reliability. Simple extension can be adopted. 

	Panasonic
	FFS
	Our slight preference is deprioritizing the specification optimized for semi-static codebook, but OK to discuss it in Rel.17/

	CMCC
	Yes
	Type-1 HARQ-ACK codebook achieves some benefit such as its robustness towards last PDCCH miss detect probability. And the redundancy for type-1 HARQ codebook can be avoided by separate K1 set configuration and some SLIV splitting.

	Spreadtrum
	Yes
	Support Type-1 HARQ-ACK codebook for sub-slot based HARQ-ACK. 

	ZTE
	Yes
	Our proposal is:
· Divide candidate PDSCHs into SLIV groups in a slot level (already supported in Rel-15/16).
· Associate a SLIV group with a virtual DL sub-slot according to the latest end symbol of the PDSCHs in the SLIV group.
· Cascade the HARQ-ACK bit corresponding to each SLIV group in the sub-slot indicated by k1.
The proposal emphasizes that we do SLIV grouping first and then associate the groups to sub-slot. This could keep the same HARQ-ACK overhead with the slot based HARQ-ACK overhead in Rel-16 and no more additional overhead.
As shown in Figure 4, for a slot that contains virtual sub-slot1 and virtual sub-slot2, it can first determine that the SLIV group based on slot level (already supported in specification), which is group {#1, #2}, group {#3, #4}, group {#5, #8}, group {#6} and group {#7}. Then, each SLIV group is associated with a sub-slot according to the latest end symbol of the PDSCHs in the SLIV group. 
[image: ]
Figure 4 SLIV group splitting for the sub-slot-based HARQ-ACK feedback


	NEC
	Yes
	We support the FL proposal 7.1. 
Compared with Type-2 HARQ-ACK codebook, Type-1 HARQ-ACK codebook can provide robustness against missed DCI transmissions, which is benefit for high reliability URLLC services. Regarding the redundancy of URLLC Type-1 HARQ-ACK codebook, it can be controlled by network with suitable configuration for TDRA table, HARQ-ACK timing K1 set. Small enhancements on Type-1 HARQ-ACK codebook construction can also be considered to further reduce the HARQ-ACK codebook size.

	Nokia
	Yes
	We strongly support Type 1 CB for sub-slot PUCCH latest in Rel-17. 
Details on the codebook construction to be discussed further. 

	OPPO
	Yes
	Type 1 HARQ-ACK codebook is reliable, which is suitable for URLLC. Type 1 HARQ-ACK codebook for sub-slot based PUCCH should be supported with minor enhancement.
On first FFS, For a given sub-slot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the sub-slot, row r is removed from the cardinality of TDRA rows.

	CATT
	Yes
	Type-1 CB is suitable for URLLC due to the robustness. 

	MediaTek
	No
	Agree with Intel’s views.
We don’t see Type-1 HARQ-ACK codebook suitable for URLLC applications, the high payload of the feedback will jeopardize the reliability. Thus, it will only add UE implementation complexity without real benefits.

	Ericsson
	Yes
	Similar view as Nokia. We strongly support it.

	Sharp
	Yes
	We are OK with the proposal.

	Lenovo, Motorola Mobility
	FFS
	Low priority

	QC
	Yes
	“Left-over optimization” from Rel. 16



7.2 Second round of email discussions
Moderator comments for 2nd round: 
There had been discussions in the GTW session if to approve the conditional support in Rel-17, but was said it should be post-poned when having clarify on the Rel-16 situation. The following conclusion was in the mean-while declared on the reflector on the Rel-16 support. 
Conclusion
Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.

Based on the feedback in the first round, there seems to be a large majority of companies agreeing to support Type 1 CB in Rel-17. 
It may not make too much sense to dig into the details of Type 1 CB for sub-slot PUCCH (and spend time and effort) without having clarify if to support this in Rel-17 or not. Therefore, based on the input by vivo I suggest to remove the second FFS from the original proposal (we can discuss other enhancements still later on anyhow) as well as remove the condition of the Rel-16 support. 
UPDATED FL Proposal 7.1: If not already supported in Rel-16, sSupport Type-1 HARQ-ACK codebook for sub-slot based HARQ-ACK feedback in Rel-17.
· FFS: Details including Type-1 codebook design for sub-slot PUCCH 
· FFS: Other Type 1 CB construction enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)
Indications from first round to support in Rel-17: 
· Support in Rel-17 (16 companies): vivo, LGE, Sony, DOCOMO, HW/HiSi, CMCC, Spreadtrum, ZTE, NEC, Nokia/NSB, OPPO, CATT, Ericsson, Sharp, MotoLen, QC
· No support in Rel-17 (2 companies): Intel  & MTK (complexity & size) 
· FFS on support (4 companies): Samsung  (unclear specs impact, marginal use for URLLC), WILUS (CB size reduction, Type 2 CB available), Panasonic (deprioritize), MotoLen (low priority)
In case further companies would like to state their opinion or change, please add your company name above directly in red. I think this could only be discussed in a GTW session, but don’t see a reason for any other aspects to be discussed now before having more clarity here as noted above. 
Further comments can be provided below: 
	Company
	Comments

	Samsung
	OK, subject to no optimizations. We consider this as a trivial completion of the specs to include support for Type-1 HARQ-ACK codebook in case of sub-slots. Our opinion is that Type-1 HARQ-ACK codebook is not necessary or suitable for URLLC.

	QC
	The wording is fine. Specification work in Rel. 17 should start at the point where Rel. 16 specification work stopped.

	Ericsson
	We support the proposal.
We agree with QC suggestion on how to carry on the work.
We think it is very unfortunate the support is not in the spec and forces the operation to be limited to Type-2, where the support for Type-1 is broken.
In our view, this should have been done in Rel-16 and it was overlooked where many companies had assumed for a long time it was supported. The long debate at late stage, favoured opposing companies but that does not mean the same case should be repeated in Rel-17.
The support of both Type.1 and Type.2 should be enabled for two-level priority irrespective of slot-based or sub-slot. Broken and incomplete specifications on such fundamental features (HARQ-ACK CB) is not a good practice.
The group seems to be willing to spend time on developing new features with unknown benefit but seems to leave the applicability of a fundamental feature, half-way and incomplete. 


	
	

	
	




7.3 Third and fourth round of email discussions
Moderator updates for the 4th round: 
There seem to be little chance here to agree (by email) to supporting Type 1 CB in this meeting, especially if part of the agreement would need to be to have at least the corner-stones of the Type 1 CB design somehow described. 
Therefore, it is suggested to continue the email discussion of the 3rd round below (let’s try to get a better understanding by exchanging views here as much as possible still in this meeting). Please keep the discussion going here nevertheless as this seems to be the only option of having a potential agreement on the support in RAN1#104-e. 

Moderator comments for 3rd round: 
Based on the discussions in today GTW meeting and based on Mr. Chairman’s guidance, let’s try to work out some more details including potential restrictions / conditions, under which the Type 1 HARQ-ACK CB for sub-slot PUCCH could be supported. 
First, the moderator tries a brave proposal here, based on the Rel-16 discussions and using the steps suggested by Qualcomm as a baseline here. 

FL Proposal 7.3: Support Type-1 HARQ-ACK codebook for sub-slot based HARQ-ACK feedback in Rel-17, using the following logical steps
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: If a UL sub-slot in the HARQ-ACK window spans multiple DL slots, create a new TDRA table which is the union of the configured TDRA table and the configured TDRA table offset by 14 symbols.     
· Step 3: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. A PDSCH TDRA is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot. N is the number of sub-slots within a slot.
· Step 4: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.



	
	List of companies

	Support proposal 7.3
	TBA Nokia/NSB

	Support the proposal in principle, but some changes are suggested (see below)
	TBA vivo CMCC, CATT, NEC, ZTE,OPPO, Ericsson, QC, DOCOMO, 

	No - do not support Type 1 CB in Rel-17
	TBA, MediaTek



Question 7.3.1: If you support the proposal in principle but do not agree with the steps, which changes to the 4 steps would you suggest? (this could be good input for other companies to consider for RAN1#104-e)
	Company
	Comments

	vivo
	For the step 2, what does ‘the configured TDRA table offset’ stand for, the new reference for DCI format 1_2? When a UL sub-slot in the HARQ-ACK window spans multiple DL slots, how to create a new TDRA table should be clarified.
For the step 3, our understanding is N is the number of UL sub-slots within a UL slot, not DL slot, right? Should the N determination and the step 2 for the case when a UL sub-slot in the HARQ-ACK window spans multiple DL slots be processed jointly?
In general, we can support the Type-1 HARQ-ACK codebook for sub-slot based HARQ-ACK feedback without any optimizations. 

	CMCC
	We are not clear about the intention of step 2. According to the pseudo-code in the current specification, if a UL slot in the HARQ-ACK window spans multiple DL slots, then for each DL slot within the UL slot, pruning based on TDD configuration is performed in the loop of “while [image: ] ”. For sub-slot case, we assume the ratio  can be simply changed to , where N is the number of sub-slots in an UL slot.
 

	CATT
	We are also not clear about the intention of step 2 and share the similar view as CMCC as we can reuse the principle of existing mechanism.  In addition, we would like to better understand why step 1 is needed. For step 3, similar as vivo, we would like to clarify whether N is the number of sub-slots within a DL slot or an UL slot. Our understanding is that it is the number of sub-slots within a DL slot but would like to hear more views.

	NEC
	For Step 2, we share same view with vivo/CMCC/CATT. It would be better to clarify why the current rule cannot be reused when different numerologies are configured for DL and UL.
For step 3, it is clear to us that N is the number of sub-slots within an UL slot since we didn’t define sub-slot for DL in Rel-16.   

	ZTE1
	The step 2 need clarification. I guess this step is due to the different SCS of DL&UL. But the slot based mechanism has supported the different SCS case, so if we just apply sub-slot with the similar mechanism as slot based, the intention of step 2 is not clear.
Furthermore, we have a scheme with less overhead as the below steps:
· Step 1: Determine the DL virtual sub-slot which has the same number of symbols with UL sub-slot.
· Step 2: Determine the HARQ-ACK multiplexing virtual sub-slot based on the HARQ-ACK timing set and sub-slot length.
· Step 3: In the slot with the multiplexing virtual sub-slots, divide candidate PDSCHs into SLIV groups in a slot-based level (already supported in Rel-15/16).
· Step 4: Determine the corresponding Associate a SLIV group with a for the multiplexing virtual DL sub-slot according to the latest end symbol of the latest PDSCHs in the SLIV group.
· Step 5: Cascade the HARQ-ACK bit corresponding to each SLIV group according to the order of the SLIV group in the multiplexing virtual sub-slots.
This scheme reuses the slot based mechanism to determine the SLIV group, and then associate the SLIV group to virtual sub-slot. The number of SLIV group doesn’t increase compared with traditional slot-based mechanism, so there will be no any additional overhead compared with the slot-based mechanism. 
The detail is shown in figure below.
[image: ]

	OPPO
	Reuse R15/16 procedures with small modification on effective TDRA row for a given sub-slot. To be specific,  for a given sub-slot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the sub-slot, row r is removed from the cardinality of TDRA rows.
Take the example shown in the following figure :
· For sub-slot 1, the number of occasions for candidate PDSCH receptions is 1, 
· For sub-slot 2, the number of occasions for candidate PDSCH receptions is 2.




	Nokia, NSB
	Some clarifications on the four steps and their need, which are provided below. 
Step 1: This step is basically already done in Rel15/Rel16, but constructed with sub-slots PUCCH instead of UL slots. 
Step 2: This step is needed to address the cases with cross numerology and where a UL slot will start in one DL slot and end in the other. For example µUL=0 and µDL = 1 and 7 sub-slots / UL slot. Here one of the sub-slots will start in one DL slot and end in another DL slot. A mechanism is needed to check if a TDRA row “ends”/”starts” in a PUCCH sub-slot, and the current pseudo code iterates per DL slot. That is why this step creates a joint TDRA tables with S offsetted. An example of Step 2 with a configured TDRA table {S1, L1; S2, L2; S3, L3; S4, L4;} would create a new union TDRA table: {S1, L1; S2, L2; S3, L3; S4, L4; S1+14, L1; S2+14, L2; S3+14, L3; S4+14, L4;}. Without this step, the proposed mechanism by OPPO, would not capture the example cross-numerology case. More details on the need can be found in our Rel-16 TDoc in R1-2008298 
It is also proposed to simply scale the factor of how many DL slots are present per UL slot by the number of sub-slot, so . The challenge with this is that this factor is used for two things in the code (and would both need to be adressed); One is to determine the DL slot within an UL slot, which assumes that there cannot be more than one UL slot in a DL slot (), the other is to ensure that the CB is contructed from a UL slot aligned with the start of the DL slot (a prerequisite to determine ). So take the above example again, the expression  The pre-condition on alignment of UL and DL slots, will additionally mean, if used with sub-slots PUCCH, that sub-slots will be discarded until this alignment is present.
Potentially we could leave step 2 as FFS for now, for other companies to check the details (e.g. from R1-2008298)
Step 3: This step is needed to determine the mapping from TDRA rows per sub-slot. Here, given that step 2 is present, the proposal by OPPO can be applied. This step is needed to determine it is correct that N is the number of sub-slots / slot.
Step 4: No changes needed for the actual pruning part of the Rel15/Rel16 pseudo code.
It is not clear how the procedure from ZTE has a lower complexity, as the steps are almost similar, apart from utilizing “virtual” components. Comments on that would be useful. 

	QC
	It is ok to continue specification work on Type 1 CB for sub-slot PUCCH in Rel. 17 and as such we are fine with the proposal in principle. It is not  necessary to explicitly write out all the steps in the proposal. Note that, step 1,2, and 4 are more or less the same as the existing procedure in the pesudo-code in TS 38.213. In our view, the main missing piece from the current spec is step 3 above. Thus, we think it may be good to first agree on the procedure of Step 3. There're some minor issues for the case of mixed numerology in case the PDSCH SCS is smaller than the PUCCH SCS, but we think these can be fixed later. 


	ZTE2
	Firstly, I update the procedure in ZTE1. 
To clarify Nokia’s question on the procedure from us.
For simplicity, we assume the clarification is in the case of the same SCS for UL&DL, it could avoid the confusion on step 2 in the FL proposal. If we correctly understand the steps from FL’s proposal, I try to link the TDRA solution as an interpretation to the SLIV group.
Then the main difference between FL’s proposal and us is:
FL’s proposal: First associate a PDSCH candidate in a slot to the DL virtual sub-slot according to the last symbol of PDSCH, and then divide the PDSCH candidates in the DL virtual sub-slot into different SLIV groups. In this way, the SLIV group in a DL virtual sub-slot is determined.
ZTE: First divide the PDSCH candidates in a slot into different SLIV groups based on slot level, and then determine which SLIVs belong to the DL virtual sub-slot in the multiplexing window according to the last symbol of the latest PDSCH in the SLIV group. In this way, the SLIV group in a DL virtual sub-slot is determined.
For the example in below figure. 7-symbol sub-slots are configured, and 8 candidate PDSCHs are configured based on slot. If the PDSCH is associated with the sub-slot according to the position of the last symbol of the PDSCH, then {#1, #2, #3} belongs to virtual sub-slot1, {#4, #5, #6, #7, #8} belongs to virtual sub-slot2. Then, reusing the type 1 HARQ-ACK codebook construction mechanism for each sub-slot, there will be 6 SLIV groups, which are group {#1, #2} and group {#3} belong to virtual sub-slot1, group {#4}, group {#5, #8}, group {#6} and group {#7} belong to virtual sub-slot2, and a total of 6 bits HARQ-ACKs is constructed.
[image: ]
But on ZTE’s way to construct the HARQ-ACK. For a slot that contains virtual sub-slot1 and virtual sub-slot2, it can first determine that the SLIV group based on slot level (already supported in specification), which is group {#1, #2}, group {#3, #4}, group {#5, #8}, group {#6} and group {#7} which only have 5 groups. Then, each SLIV group is associated with a sub-slot according to the latest end symbol of the PDSCHs in the SLIV group. For group {#1,#2}, the end symbol of PDSCH#2 is the latest and located in virtual sub-slot1. Thus, group {#1,#2} is associated with virtual sub-slot1, and the corresponding HARQ- ACK belongs to virtual subl-slot1. For group {#3,#4}, the end symbol of PDSCH#4 is the latest and located in virtual sub-slot2. Thus, group {#3,#4} is associated with virtual sub-slot2, and the corresponding HARQ-ACK belongs to virtual subl-slot2. Similar way is applied to later groups. Only 5 bits of HARQ-ACK are generated. Compared with 6 bits in the previous solution, 1 bit is saved. The different consequence is due to the SLIV group is determined by slot-based (our solution) but not sub-slot based (totally reuse slot-based mechanism for sub-slot). The SLIV group determination is the key point on.


	Samsung 
	Type-1 HARQ-ACK codebook can in principle be supported in a simpler manner than the 4 steps above. There is no need for step 2 and step 3. 
For step 2, we understand the intention is to deal with the case that one UL sub-slot overlapps with more than one DL slots in case of different numerology as mentioned by Nokia. it is noted that in Rel-15 with different numberology, we already support one UL slot overlaps with mulitple DL slots, i.e. loop multiple DL slots within one UL slot. For sub-slot case, we can simply reuse the same stucture, even same pseudocode with simple clarification that the DL slot is overlapped with one UL sub-slot (in Rel-15, it is written the DL slot is within one UL slot), thus there is no need of step 2.
 For step 3, we understand the intension is to split one DL slot into multiple DL sub-slot to align with UL sub-slot. But we think it is unnecessary to introduce the concept of DL sub-slot. It is noted that in Rel-15, in case the duration of UL slot is shorter than DL slot, e.g. 4 UL slots in one DL slot, we do not split one DL slot into 4 part to align with the UL slots, we decided to simply perform pruning within a DL slot. It seems no need to repeat the similar discussion again in Rel-17. The same procedure can be reused here, thus no need of step 3.
The following provides an example of procedures without original step 2 and step 3. 
Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
Modified Step 2: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15 with the modification as below:
·   For each UL sub-slot, there can be multiple DL slots overlapped with the UL sub-slot  . For a given UL sub-slot, loop within these DL slots (existing loop in Rel-15)  
· For a given UL sub-slot and each associated DL slot, do pruning only within the TDRA rows in the DL slot overlapping with the UL sub-slot that indicate a PDSCH ending in the UL sub-slot. (add  one restriction on top of existing pruning procedure). 

Take ZTE’s figure as an example, for both UL sub-slot 1 &2, we use the same DL slot including PDSCH candidate location 1-8. Then, for UL sub-slot 2, SLIVs in this DL slot with ending symbol in UL sub-slot 2 is the candidate set for pruning, i.e. #4~#8, and we get group {#4}, group {#5, #8}, group {#6} and group {#7} according to Rel-15 procedure, and for UL sub-slot 1, SLIVs s in this DL slot with ending symbol in UL sub-slot 1 is the set for pruning, i.e. #1~#3, and we get group {#1, #2} and group {#3}. Thus, we can come to the same result as 4-step procedure proposed by NOKIA, but we only need 2 steps. 

Finally, we want to point out that we have concern on any procedures, which may change the existing pseudo code structure. We should be careful that the modification for sub-slot does not harm/change the legacy procedure for slot-level PUCCH to keep backward compatibility. Therefore, minor modification within the existing steps rather than adding new steps or changing the whole structure is preferred. 



Question 7.3.2: If you said ‘No’ above (i.e. do not support Type 1 CB), which additional restrictions or conditions should or could be put in place, so that supporting Type 1 CB for sub-slot PUCCH could be acceptable to you? 

	Company
	Comments

	Intel
	We would be fine with trivial enabling of Type 1 CB for sub-slots without size optimizations, which would bring spec work at the cost of reduced scheduling flexibility. Also, it is unclear which CB sizes to target for size optimization.

	MediaTek
	The large payload of Type 1 CB makes it unsuitable for URLLC operation. Type 2 CB is already supported for sub-slot PUCCH, and it has superior performance compared to Type 1 CB.

	
	

	
	

	
	



7.4 RAN1#103-e outcome & RAN1#104-e outlook
Final RAN1#103-e moderator comments: 
There seems to be a rather large majority of companies suggesting to support Type 1 CB for sub-slot PUCCH in Rel-17 and there had been discussions in the 3rd and 4th round on the details of the potential design, that could maybe help companies not being fond of the support in Rel-17 to change their mind.
Based on the initial FL proposal, there had been good input especially on the need for step 2 as well as on details how this would be captured in the specifications. Maybe we potentially could go one step back and leave the detailed implementation of the pseudo code to the 38.213 editor in the end. The moderator has a bit the feeling, that most companies prefer the same ‘final Type 1 codebook construction’ but just there are different ways to get there (in terms of the final pseudo code). Especially, there seemed to be different understanding of how to get to the Type 1 CB, where all companies seem to agree that ‘A PDSCH TDRA is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot’ and that ‘there can be more than one DL slot having TDRA entries to overlap with the UL subslot’. And there are different ways to end up there (Nokia: split the TDRA table into sub-slot tables – what is the ‘N’?, ZTE: should use ‘virtual’ subslots, Samsung: no need to define sub-slot – just loop over DL slots overlapping and do pruning). 
So maybe companies could provide their input to RAN1#104-e on two different detail levels: 
· Higher level: Which properties the Type 1 CB should have?
· E.g.  A PDSCH TDRA is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot
· …
· Second level detail: 
· Detailed implementation example
· Please note, that we may only be able to agree on the higher level details and could potentially leave the implementation of the intended behaviour / properties to the spec’s editor. 

8 PUCCH carrier switching for HARQ feedback 

The following feedback on the support PUCCH carrier switching in Rel-17 was received:
· Support: HW/HiSi [1], Ericsson [3] (semi-static only), ZTE [13], APT [19] (details FFS), MTK [20], LenMoto [22], DoCoMo [26] (further study), QC [28]
· No support: CATT [5], Nokia/NSB [14] (lower priority)
· Unclear: Samsung [8], 
· Pros: Reduced latency (HW/HiSi [1], MTK [20]), improved capacity (larger number of UEs and/or reduced resource utilization, MTK [20])
· Cons: Large specs impact for dynamic indication (Ericsson [3]), limited benefit (CATT [5]), benefits to be discussed (Samsung [9]), large UE impacts (Samsung [9], separate TPC loops & increased path-loss measurements), scope of rel-17 to be clarified (Samsung [9]), limited use cases / not generically applicable (inter-band CA & different UL/DL configurations, Nokia/NSB [14])

How to support the PUCCH carrier switching: 
· Alt. 1 - Dynamic indication of PUCCH carrier switching: 
· Support: HW/HiSi [1] (??, indication FFS), ZTE [13] (???), MTK [20] (based on the first DCI of a CB)
· Cons: missed DCI indication (QC [28]), Ericsson [3] (large specs impact & unclear benefit) 
· Alt. 2 – PUCCH cell switching based on semi-static configuration: 
· Support: Ericsson [3] (configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH), LenMoto [22] (based on TDD UL/DL config, when UL symbol is available), QC [28] (based on available UL) , ZTE [13]
· This may include a priority order of cells: LenMoto [22], QC [28]
· Delaying of HARQ to the earliest available UL symbol: LenMoto [22]
· PUCCH on a single or multiple CCs: QC [28] (diversity versus complexity / power limitations)

The following input on multiplexing on Scell PUSCH instead of PUCCH cell change, was received: 
· not efficient: ZTE [13] / MTK [20]
· multiplexing on PUSCH would solve SPS HARQ (for dynamic indication): Nokia/NSB [14]
· would need to wait the outcome of the Rel-16 intra-UE multiplexing discussions: DOCOMO [26]
 
8.1 First round of email discussions
Moderator comments: 
There seems to be a strong majority on the overall support of (dynamic) PUCCH carrier switching to reduce HARQ-ACK latency for TDD CA with different UL/DL configurations. At the same time, some companies seem to only support certain ways to enable this. Therefore, it is suggested to first discuss on the two options (dynamic PUCCH cell indication versus PUCCH carrier switching based on semi-static configuration, i.e. without dynamic indication). After having more clarify on which way to go, it would then maybe easier to agree the method to be supported directly. 
Question 8.1: Companies to provide input on the Alternatives Alt. 1 to Alt. 2 which can be used to enable PUCCH carrier switching for (at least) HARQ-ACK feedback 
· Alt. 1 - Dynamic indication of PUCCH carrier switching
· Alt. 2 – PUCCH cell switching based on semi-static configuration 

	Company
	Alt. 1
Y / N
	Alt. 2
Y / N
	Comments

	vivo
	N
	FFS
	We do not support dynamic PUCCH carrier switching. When introducing SUL in Rel-15, it was already discussed dynamic PUCCH carrier switching between the SUL and non-SUL, but no support in the end. For semi-static PUCCH carrier switching, we would like to understand the use case and typical TDD configuration between the Pcell and the PUCCH Cell. Why not just use the carrier with balanced DL/UL configuration as PCell?

	LG
	N
	N
	Most of problem with PUCCH carrier can be solved by dynamic scheduling. We don’t see big difference between dynamic indication of PUCCH carrier and scheduling PUSCH. 

	Intel
	FFS
	FFS
	If this scheme is supported, we would like to see a converged solution with simultaneous transmission of PUSCH and PUCCH on different carriers discussed in 8.3.3. E.g. if a dynamic indication is required for the latter scenario, then it can be reused here.

	Samsung
	
	
	Before we decide on an alternative to use for PUCCH carrier switching, the specification impact (or related issues) should be discussed first. For example, how UE determines PUCCH power control for switched PUCCH resource, or how UE is configured to PUCCH resource over multiple carriers, and the associated UE complexity requirements. 

	DOCOMO
	N
	Y
	Understanding ambiguity may occur if the indication DCI is missed for Alt 1. Alt 2 is preferred if carrier switching for HARQ feedback is to be supported.

	Huawei, HiSilicon
	Y
	N
	For more flexibility, alternative 1 is better, which can be supported by simple extension of the current PUCCH resource indication mechanism.
For Alt.2, it is not clear for us what’s the difference with the current mechanism, one PUCCH will be configured in one PUCCH group, so with alt.2 we need to support two PUCCHs within one PUCCH group?

	Spreadtrum
	N
	N
	The necessity of introducing dynamic PUCCH carrier switching is not that high since most of cases can be solved by dynamic scheduling, and the spec impact is large. 

	ZTE
	N
	Y
	The DCI miss detection in Alt1 is an issue hard to solve.
If the understanding is correct, Alt. 2 can be compatible with existing HARQ-ACK PUCCH transmission in UL PCell, and will not lead misunderstanding due to the RRC signaling and agreed rules.

	Nokia, NSB
	FFS
	FFS
	Would be nice to get more clarification overall as Samsung pointed out. 
When comparing the two alternatives: 
Alt. 1 could provide more of the claimed latency gains, as gNB can dynamically allocate the cell include the potential SFI decisions for dynamic TDD. On the downside, Alt. 1 is not able to solve the issue for SPS HARQ (only). 
The handling of Alt. 2 especially for dynamic TDD operation (i.e. SFI usage is unclear). If the handling is only based on semi-static TDD configurations, for dynamic TDD the gains will be very much limited. 

	OPPO
	N
	Y
	For Alt2, signalling is reliable and it has small spec impact

	CATT
	N
	N
	Before discussing the detailed solution, further discussion on the necessity is needed.

	MediaTek
	Y
	FFS
	

	Ericsson
	N
	Y
	Alt 1 has unclear benefit in terms of latency as it depends on TDD patterns of CCs. It would also lead to large specification impact. For the aspects addressed by Samsung, our view is that the spec change would be considerable and the benefits are not clear. So, we are strongly against this approach.
Alt2 is sufficient to obtain low latency benefit. In realistic scenarios, latency benefit can be most realized when there is an FDD carrier on which HARQ-ACK is allowed to be transmitted. Here PUCCH cell switching based on semi-static configuration is enough. Alt2 is currently supported, at least partially, by the configuration of PUCCH cell in PDSCH-ServingCellConfig to indicate the ID of the serving cell of the same cell group to use for HARQ-ACK feedback in PUCCH when adding a new SCell. To have more flexibility in order to achieve low latency for HARQ-ACK when PCell is a TDD with DL heavy pattern, it should also be possible to configure for the PCell, a PUCCH cell to indicate the serving cell of the same cell group to use for HARQ-ACK feedback.

	Sharp
	N
	N
	We share the same view with CATT.

	Lenovo, Motorola Mobility
	Y
	Y
	PUCCH carrier switching across configured multiple PUCCH carriers can provide UE with more HARQ-ACK transmission opportunities under dynamic TDD operation
Depending on deployment scenarios (e.g. TDD+TDD, TDD+FDD) and UE capability, network can select which alternative to use. 

	QC
	N
	Y
	Alt. 2 (‘semi-static indication of PUCCH carrier switch’) is the option initially proposed. Reformulation of Alt. 2 “PUCCH cell switching based on semi-static configuration/rule”

	APT
	Y
	Y
	Alt.1 could provide more flexibility and improve scheduling efficiency.
Alt. 2 may need more rules (e.g., the order of configured PUCCH-cells in the same group). Thus, we prefer Alt.1 slightly, but Alt.2 could be acceptable.  




8.2 Second round of email discussions
FL summary on the available input of the 1st round:
The two options on PUCCH carrier switching received the following feedback: 
· 4 companies support neither of the options (i.e. think such enhancements is not needed), these are included in the counting below
· Alt. 1 - Dynamic indication of PUCCH carrier switching
· 4x Yes, 10xNo, 2x FFS
· Pros: more flexible, 
· Cons: signaling overhead, signaling reliability /ambiguity, large specs impact 
· Alt. 2 – PUCCH cell switching based on semi-static configuration 
· 8x Yes, 5x No, 4x FFS
· Pros: simpler, lower signaling overhead

Moderator comments for 2nd round: 
Based on the input in the first round, there seems to be a strong majority of companies not thinking, that dynamic indication for PUCCH carrier switching should be supported (4x Yes, 10x No, 2x FFS). The situation in terms of semi-static PUCCH carrier selection is more balanced (8x Yes, 5xNo, 4x FFS) and from those 5 No indications, it should be noted that 4 of these are coming from companies that seem to have no interest to support PUCCH carrier selection at all (so only a single company that seems to have interest in supporting PUCCH carrier selection actively said no to the semi-static approach). 
Clearly, at this stage it will not be possible to decide if to support PUCCH carrier switching. The FL would therefore suggest to focus the discussions on the method that currently seems to have a better chance to be agreeable in the end, i.e. Alt. 2. 
[bookmark: _Hlk55414316]Proposal 8.2: Limit the further discussions on the support of PUCCH carrier switching for HARQ feedback to carrier switching based on semi-static configuration. 
· FFS: Details including at least switching behavior in the relation to UL/DL configuration & SFI, RRC configuration for other cells, etc.  
	Company
	Yes / No
	Comments

	QC
	Yes
	

	Samsung
	
	We prefer to first reach a common understanding for the overall requirements of the feature before starting to conclude on particular design aspects. 

	DOCOMO
	Yes
	

	Apple
	Yes
	We support the scope can be limited first, in general we have reservation on PUCCH carrier switching

	vivo
	
	We should first have a common understanding on the use case and benefits to support the PUCCH carrier switching.
For example, what is the scenario used for the PUCCH carrier switching? What is the assumption for UE supporting PUCCH carrier switching, the UE is capable of UL CA or not capable of UL CA? 

	ZTE
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	

	Nokia, NSB
	Yes
	We think limiting this before deciding if to support such enhancement overall and working out a few more details before being able to take the final decision is a good way forward here. 

	Spreatrum
	Yes
	

	LG
	
	Before the discussion, we may need to wait the discussion of intra-UE prioritization/multiplexing in Rel-16. Basically, PUCCH carrier switching is for avoiding semi-static DL symbols in the given cell. To specify issue, we need to conclude when/how UE drop PUCCH in the semi-static DL symbol (e.g., after/before multiplexing with PUSCH/PUCCH in other cell).

	CATT
	Yes
	We agree to limit the scope and would also agree with Samsung that overall requirements need to be discussed.

	MediaTek
	No
	This will be limit the advantage of the scheme. Both schemes, dynamic and semi-static carrier selection have level of specifications effort. Dynamic selection will only require bit field in the DCI additionally compared to semi-static approach.
Dynamic selection will enable the network to select the best CC for PUCCH feedback.

	Ericsson
	Yes
	We could be OK to discuss more flexibility in semi-static configuration. For example remove the current limitation that HARQ-ACK of PDSCH on PCell, should be routed on primary carrier with PUCCH.
But as stated earlier, we are strongly against dynamic carrier switching.





Moreover, for this method it could be useful for companies to have a better understanding when the UE would be switching to another cell, i.e. interaction with UL/DL configuration and/or SFI here. 
Question 8.2.2: For PUCCH cell switching based on semi-static configuration, how to define the switching behavior in terms of UL/DL TDD configuration as well as SFI handling? 
	Company
	Comments

	QC
	The indication is based on certain static rules implemented in RAN1 specification hence the indication is much more robust. One simple rule could be the following. UE still following K1 (referenced to PCC numerology) to determine the slot to feedback HARQ-ACK. In the determined slot, the first CC has enough UL OFDM symbol to accommodate the HARQ-ACK PUCCH resource is used to transmit HARQ-ACK. The first CC is determined following a predefined ordering of CCs such as PCC first, then SCC1, SCC2. If dynamic SFI is supported, the determination of first CC can take the CC indicated by SFI as UL into consideration.

	Samsung
	Regardless of whether cell switching is semi-static or not, and regardless of any other aspects, further discussion is needed whether support for SFI handling should be introduced in URLLC (won’t be for only carrier switching). 

	Lenovo, Motorola Mobility
	UE selects a PUCCH carrier and a corresponding PUCCH resource based on availability of a PUCCH resource(s) and priorities among PUCCH carriers with the available PUCCH resource(s). FFS: exact definition of the available PUCCH resource. 

	Ericsson
	Agree with Samsung. At least what we have in mind is not switching per say, but it is more flexible configuration of PUCCH groups.

	
	



Other aspects mentioned by companies, such as how the PUCCH on the carriers are defined (separate or joint configuration, etc.) as well as the order of cells for PUCCH could still be discussed later on, as these details seem to have little impact on the overall needed decision if RAN1 is to specify PUCCH carrier switching for HARQ feedback. 
Further comments can be provided below: 
	Company
	Comments

	QC
	If this feature is supported, another important open issue is whether support a HARQ-ACK on multiple CCs simultaneous, or only support transmit HARQ-ACK on a single CC while allowing switch on different CCs. If gNB does not know UL channel conditions, simultaneous HARQ-ACK feedback on multiple CCs can bring frequency diversity gain. If gNB knows UL channel conditions, carrier switch is actually better than simultaneous transmission because UE can put all power on the best CC determined by gNB. From spec impact perspective, simultaneous HARQ-ACK feedback on multiple CCs has more spec impact, because of the complication on CC indication and power split among CCs. 

	
	

	
	

	
	

	
	



8.3 Third round of email discussions
Moderator comments for 3rd round: 
Still a quick summary from the first and second round of email discussions below, now also including the company names. In case you did not provide your input earlier, please add your company names in red below. 

Based on the first round of email discussions the following support has been there: 
· Alt. 1 - Dynamic indication of PUCCH carrier switching
· Companies supporting (4): HW/HiSi, Mediatek, LenMoto, APT
· Companies not supporting (10): vivo, LGE, DOCOMO, Spreadtrum, ZTE, OPPO, CATT, Ericsson, Sharp, QC
· FFS (3): Intel, Samsung, Nokia
· 
· Alt. 2 – PUCCH cell switching based on semi-static configuration 
· Companies supporting (7): DOCOMO, ZTE, OPPO, Ericsson, LenMoto, QC, APT, Intel
· Companies not supporting (5): LGE, HW/HiSi, Spreadtrum, CATT, Sharp, 
· FFS (4): vivo, Samsung, Nokia, Mediatek, 


Based on the feedback during the second round of email discussions, the following can be noted: 
· 8 companies support focusing on PUCCH carrier switching based on semi-static configuration 
· QC, DOCOMO, Apple, ZTE, MotoLen, Nokia/NSB, Spreadtrum, Ericsson
· 2 companies think first the benefits and gains as well as the assumptions on UE support should be clarified
· Samsung, vivo
· 1 company prefers focusing on dynamic indication of PUCCH carrier switching
· Mediatek
· 1 company thinks, first the Rel-16 PUCCH dropping would need to be clarified before continuing the studies
· LGE 

As there had been companies mentioning that further clarifications for both options would still be needed. Therefore, proponent companies are encouraged to provide input to the issues to be clarified which had been raised by other companies to the next meeting. 
The question that is remaining here, considering the much larger support for operation on semi-static carrier switching, if we are able to down-select to one option for further detailed discussion in the studies – or if we have to keep both options open till next meeting. 
So maybe we could try to get some indication of company positions below on the following question: 

[bookmark: _Hlk55970440]FL proposal 8.3.1: In the studies on PUCCH carrier switching for HARQ-ACK, the study should focus on the case of inter-band TDD operation (with different UL/DL configurations). 

	
	List of companies

	Agree 
	Samsung, CATT, Intel, Nokia/NSB, DOCOMO

Comments: 

	Do not agree 
	ZTE, MTK, Ericsson, QC…

Comments:
Ericsson: not supportive of feature for inter-band TDD
QC: We don’t see the need to limit the use case to inter-band TDD operation (with different UL/DL configurations). For example, for TDD+FDD CA, this feature can be very useful as well. We suggest to study the overall landscape before drawing this conclusion.



FL proposal 8.3.2: In the studies on PUCCH carrier switching for HARQ-ACK, only PUCCH carrier switching for different cells operated with UL CA is considered. 

	
	List of companies

	Agree 
	Samsung, CATT, ZTE, Intel, MTK, Ericsson, Nokia/NSB, DOCOMO, 

Comments: 
Ericsson (not supportive of dynamic switching)


	Do not agree 
	TBA 

Comments: 


	Need clarification
	Comments:
QC: Can FL please clarify what does it mean by “different cells operated with UL CA”? Does it mean the cells configured with UL CA (enabled)?



If not agreeing with either of the proposals above, please provide your reasons below: 

	Company
	Comments

	MTK
	For “FL proposal 8.3.1”, although we agree the scheme is more relevant to inter-band TDD operation, we don’t think the proposal will make a difference in introducing the feature. 

	Nokia/NSB
	On 8.3.1, the motivation for studying this has been HARQ-ACK latency. So at least for FDD, there seems to be no reason to support this, as there is no need to change the cell carrying PUCCH. Would be nice to know what other scenarios companies have in mind here – if not inter-band TDD – and especially if these cases could be supported, if they are the study focus is a different question. 

	
	

	
	

	
	




Question 8.X: In the studies on PUCCH carrier switching for HARQ-ACK, the study should focus on
1. Alt. 1 - Dynamic indication of PUCCH carrier switching
2. Alt. 2 – PUCCH cell switching based on semi-static configuration 
3. No further down-selection during RAN1#103-e, both Alt. 1 and Alt. 2 should be further studied with equal priority

	
	List of companies

	Alt. 1. Dynamic indication
	

	Alt. 2. Semi-static 
	ZTE, QC, DOCOMO

	Alt. 1 & Alt. 2 (both still open)
	Samsung, Intel, MTK, LG, APT

Comments:
Samsung – Reason: As previously commented, this is a rather marginal issue compared to all other issues involved. It would be better to discuss whether to support the feature considering all required components. In that sense, prefer to keep everything open.
Intel (it seems the signalling option may not be the main factor to decide).
MTK: we believe both options, semi-static and dynamic switching, should be considered at this stage. At least the companies should have the chance in exploring more details of these two options to understand the pros and cons. We don’t expect considerable difference from work efforts.
LG: For our understanding, PUCCH carrier switching has benefit in specific scenario and CA deployment. We need more study on what it can achieve with everything open.
APT: Agree that both semi-static and dynamic switching should be considered at this stage.



8.4 Fourth round of email discussions
Moderator comments for 4rd round: 
Quick summary of 3rd round – and FL comments/suggestions: 
· There seems to be interest by different companies to not just focus on inter-band CA TDD, but also other scenarios (based on the replies on FL proposal 8.3.1)
· FL recommendation: Let’s try to get some more input by companies on the scenarios in this round. This is only there to have a better understanding for the group. No related decision / agreement foreseen.  
· On the point raised by vivo (which moderator tried to formulate in FL proposal 8.3.2), there seems to be some consensus among companies that such focus could be useful. 
· FL recommendation: Let’s try if we could take some related agreement on this one still in this meeting, of course the detailed text may need some finetuning (as the QC comment shows). 
· From the feedback of companies on question 8.X, there is an even split on down-selection to semi-static approach versus keeping both options open. 
· FL recommendation: It seems that trying to further down-select between PUCCH carrier switching based on semi-static or dynamic indication during this meeting will not be possible. Therefore, no follow-up actions in this meeting



FL proposal 8.4: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration. 

FL note: ‘active’ refers to cells, that are e.g. not dormant and are having a valid timing advance – i.e. the UL carrier is available for PUSCH transmission. 
Please provide your input on the following updated FL proposal. The intention here is to rule out UL carrier switching (as raised by vivo) and the wording could be still fine-tuned to reflect the intention of a possible agreement:
· Yes – if you support such agreement at least in principle. Suggested changes to wording or similar can be provided in the comment’s column
· No – if you think that e.g. UL carrier switching should be in focus of the studies as well. Please provide some reasons taking the earlier vivo comments on the UL carrier switching delay into account. 

	Company
	Yes / No
	Comments

	CATT
	Yes
	

	Intel
	Yes
	

	MediaTek
	Yes
	

	Nokia, NSB
	Yes
	

	Ericsson
	Yes
	

	Apple
	Yes
	The PUCCH scheme can be studied further, however the study should be for realistic setups

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	ZTE
	Yes
	

	OPPO
	Yes
	

	QC
	Yes
	

	APT
	Yes
	

	Spreadtrum
	Yes
	

	LG
	Yes
	



FL summary & comments on input based on version 102 of proposal FL Proposal 8.3:

· Support the proposal (13): CATT, Intel, Mediatek, Nokia/NSB, Ericsson, Apple, Samsung, DOCOMO, ZTE, OPPO, QC, APT, Spreadtrum

Therefore, FL recommends making this a proposed agreement and try to approve by email. 


Moreover, it would be good to understand company positions better on which scenarios in addition to inter-band TDD CA with different UL/DL configurations should be considered. The initial proponents (HW/HiSi, MTK) had been talking about this scenario, but based on the feedback in the 3rd round there seemed to be a rather sizeable number of companies thinking that also other scenarios should be considered. Companies are encouraged to provide their input below on scenarios to be considered (in addition to Inter-band TDD CA with different UL/DL configurations), which some explanations why and what merits / advantages / gains are to be expected in such scenarios. 


Question 8.4: Which scenarios in addition to inter-band TDD CA with different UL/DL configurations should be considered in the studies on PUCCH carrier switching for HARQ-ACK? Please also provide some explanations what gains could be expected their and their relation to URLLC / IIoT operation. 

From the feedback of companies on question 8.X, it seems that trying to further down-select between PUCCH carrier switching based on semi-static or dynamic indication during this meeting will not be possible. Moreover, there seems to be interest by different companies to not just focus on 


	Company
	Comments

	vivo
	Thanks a lot FL for the listed questions so that we can have better understanding on the scenario/necessity and benefits brought by the PUCCH carrier switching for the UL CA case.
However, if the assumption is UE supporting UL CA, we think configuring PUCCH SCell can achieve the same effect and without additional specification impacts. 
In addition, the benefits for PUCCH carrier switching can be obtained when the TDD UL-DL configuration for the switched carriers are exactly opposite so that every PDSCH can get timely HARQ-ACK feedback, for example, TDD CC#1 is DDDSU; TDD CC#2 is UUUSD. But the feasibility for such configurations is not verified in the real deployment. 

	Nokia, NSB
	If the motivation is latency (for URLLC), then we think the scenario of Interband TDD with different UL/DL configurations is the one to choose.
Any type of dynamic load balancing or similar is not really related to any goal of the IIoT WI (therefore such scenarios such as FDD or similar should not be the focus for the discussions and the potential design). 

	Ericsson
	We are not supportive of dynamic carrier switching.
We have explained our reason and we want to be clear that having further discussion, means that we are supportive of this feature at all. 
When TDD configurations differ, the scheduler could be distributed  and all the so-called benefit of dynamic carrier switching disappears. That is without all the additional complexity.
We prefer to down select this feature.

	Apple
	We are open to further study, but it does not mean we support PUCCH carrier switching.

	Samsung
	We acknowledge the previous comment by Qualcomm on FDD-TDD CA (“FL proposal 8.3.1”). Also, from a RAN1 perspective, there is no impact (at least immediate) on whether CA is inter-band on intra-band. 
OK to continue in an agnostic (inter-band or intra-band) manner. 

	ZTE
	Share the view from Ericsson.
We also suggest including the CA case on intra-band mentioned by Samsung.

	Huawei, HiSilicon
	It seems not easy to say whether it can be applied to other scenario now, especially if different companies have different solutions in mind. 
Between dynamic indication and semi-static indication, we do see dynamic indication can provide much more flexibility and seems we didn't see any potential issues with the support of dynamic indication. If the group will decide to go with semi-static indication, we are not sure how much benefit it can be achieved and it may introduce more specification impact. In this case, probably even better not to support this PUCCH carrier switching feature in Rel-17 now.

	QC
	FDD + TDD CA can also benefit from this scheme to reduce HARQ-ACK feedback latency because the FDD UL is always available.
Another scenario is intra-band CA with same TDD configuration in a distributed deployment and CC 1 is experiencing high other cell UL interference for several slots, whilst CC 2 not. The benefit for IIOT/URLLC is higher PUCCH reliability, which consequently results in higher resource efficiency – unnecessary retransmissions are avoided-which resource efficiency is of high importance so as to achieve the required reliability.
In general, from RAN 1 perspective, there is not prerequisite to decide the use case of the scheme, before RAN1 looks at the details of the scheme, since it does not seem to have an impact on the RAN 1 specification work, if CA is inter or intra band. Similarly, the proposal is valid for both same or different TDD configurations of the different CCs. We think it is more important to study the design details rather than check the use case. Anyway, support or not of this scheme in a particular scenario can be part of the UE capability/feature group discussion which happens much later after the scheme is specified.

	APT
	Although the motivation to include intra-band case seems not clear, we are open to include also intra-band case.

	LG
	We share similar view to vivo. One thing is that PUCCH carrier switching without RRC signaling have benefits in specific circumstances. On the other hand, we have a lot of PUCCH enhancement in this WI. We are open to study but still doubt on the necessity. 



8.5 RAN1#103-e outcome & RAN1#104-e outlook
The following agreements could be reached on this study area during RAN1#103-e:
Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.

Final RAN1#103-e moderator comments: 
On this study area, there seems to be a rather diverse views on supporting PUCCH carrier switching. There had been more support for semi-static operation compared to dynamic indication. So overall, the moderator has the feeling that it would be good for proponent companies to provide more input on the merits of supporting this, as there seems to be no majority in supporting related enhancements in Rel-17 (at least currently)
Maybe the companies could address the following: 
· Scenarios & gains – i.e. help identifying a need for this enhancement:
· For the scenario of UL CA for TDD with different UL/DL configurations, what are the gain mechanisms or gains compared to Rel-16 for URLLC operation. 
· For the FDD/TDD CA scenario, what are the gain mechanisms or gains compared to Rel-16 for URLLC operation. 
· Any other scenarios including gain mechanisms or gains compared to Rel-16 for URLLC operation. 
· Alt. 1 versus Alt. 2: are the gains / merits depending on which Alt. is chosen? Pros / cons, also considering complexity and missed dynamic indication
· …
· Definition of PUCCH resource on the switched cells
· Same PUCCH configuration or separate PUCCH configuration on the alternative PUCCH cell
· …
· Alt. 1 - Dynamic indication of PUCCH carrier switching
· Details on the dynamic indication
· …
· Alt. 2 – PUCCH cell switching based on semi-static configuration 
· Semi-static switching rule – e.g. 
· Handling of semi-static flexible symbols (if no SFI received / configured) and dynamic flexible symbols (if SFI received)
· Carrier selection
· …
9 Other suggested HARQ-ACK feedback enhancements 
9.1 CB size reduction for HP HARQ-ACK: Single HARQ-ACK bit per TB for HP HARQ-ACK CB 

As discussed by HW/HiSI in [1], in Rel-15, the gNB can use higher layer signaling to configure the maximum number of code words i.e. {1 or 2} that a single DCI (i.e. DCI format 1_1) may schedule. If the maximum number of code words is configured as 2, then it means that DCI format 1_1 can schedule 1 or 2 code words. In order to avoid misaligned HARQ-ACK codebook sizes between the gNB and the UE, due to potential DCI miss detection, the HARQ-ACK codebook is constructed based on 2 code words no matter if the DCI schedules one or two code words. It should be noted here, that DCI format 1_2 supports only single codeblock PDSCH scheduling, meaning that always two bits of HARQ-ACK will be generated (if maximum number of codewords is configured as 2) even when only scheduling HP traffic with DCI format 1_2. 
Regardless of the configured maximum number of code words, HARQ-ACK codebook construction based on only one code word could be considered for HARQ-ACK codebook with high priority in Rel-17.

9.1.1 Email discussion (in 2nd to 4th round)
FL comment: 
It would be good to also get some input on additional proposals outside the study areas. The point just being, if there is strong objection to have more clarity and to not keep certain topics open too long unnecessarily (with re-submission of the same proposals in several consecutive meetings). 
Therefore, it is suggested to provide input on the following enhancement suggested. Please do not just indicate ‘Yes’, ‘no’, ‘FFS’, but also provide some reasons e.g. why this should or should not be considered. 
Question 9.1: Should RAN1 consider for Rel-17 URLLC, that regardless of the configured maximum number of code words, HARQ-ACK codebook construction based on only one code word for HARQ-ACK codebook with high priority?
	Company
	Yes / No
	Comments

	Samsung
	No
	No apparent need/benefit for the proposal. NW can configure HARQ-ACK spatial bundling. If typical transmission is with one CW, impact on throughput would be 0.

	DOCOMO
	No
	For URLLC UE, the maximum number of codewords can be configured as 1 for this purpose.

	vivo
	FFS
	

	Nokia, NSB
	FFS
	Further clarifications from the proponent appreciated: 
· Is the idea to basically limit the PDSCH with HP HARQ to a maximum of 4 layers by RRC configuration? As the argument used with DCI format 1_2 is not really valid here, as HP HARQ can be indicted also with DCI format 1_1. 

	CATT
	No
	If the intention is to minimize the HARQ-ACK overhead, we think a simpler solution is to configure the HARQ-ACK spatial bundling separately for different priorities.

	QC
	No
	No need for specification effort. Appropriate configuration from Gnb can solve the ambiguity.




9.2 Retain PUSCH reception robustness with increased number of (SPS) HARQ-ACK bits 
Samsung discussed in [9], it is discussed that in Rel-15, if UE multiplexes HARQ-ACK bits on PUSCH, and the number of HARQ-ACK bits is not greater than 2, UE reserves REs for up to 2 HARQ-ACK bits to avoid PUSCH decoding error due to an incorrect HARQ-ACK payload size caused by a missed PDCCH. In other words, this targets to handle vulnerability with up to 2 DG HARQ-ACK bits; 1 or 2 DG HARQ-ACK bits depending on the existence of SPS HARQ-ACK bit. In Rel-16, while such vulnerability with small number of DG HARQ-ACK bits still needs to be handled, multiple active SPS configurations and smaller SPS periodicity may result in multiple SPS HARQ-ACK bits. As a result,  the incorrect HARQ-ACK payload size caused by small number of DG HARQ-ACK bits may happen for a larger number of HARQ-ACK bits when many SPS HARQ-ACK bits are present.  
In this sense, the condition of 2 bits is not suitable and hence it needs enhancement, for example, increasing the threshold values to more than 2 bits (i.e. more reserved REs) in order to improve reliability of HARQ-ACK which could be transmitted on PUSCH.
Proposal: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.

9.2.1 Email discussion (in 2nd to 4th round)
FL comment: 
It would be good to also get some input on additional proposals outside the study areas. The point just being, if there is strong objection to have more clarity and to not keep certain topics open too long unnecessarily (with re-submission of the same proposals in several consecutive meetings). 
Therefore, it is suggested to provide input on the following enhancement suggested. Please do not just indicate ‘Yes’, ‘no’, ‘FFS’, but also provide some reasons e.g. why this should or should not be considered. 
Question 9.2: Should RAN1 consider for Rel-17 URLLC, that to maintain the PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH?
	Company
	Yes / No
	Comments

	Samsung
	Yes
	This is the application of the Rel-15 agreement for the case of multiple HARQ-ACK bits for SPS PDSCH. Reasons for support remain identical as for Rel-15. 
  

	DOCOMO
	No
	As proposed in [9], the motivation is to avoid PUSCH decoding error due to an incorrect HARQ-ACK payload size caused by a missed PDCCH. However, HARQ-ACK bits for SPS PDSCH is not impacted by PDCCH missing for current spec. More SPS configurations with shorter periodicity don’t make any difference on the situation. We think the motivation is invalid.  

	vivo
	No
	Not sure about the proposal. If HARQ-ACK bit is increased due to multiple SPS PDSCHs, rate-matching can be used and proper beta-offset can be used to protect the PUSCH transmission. 

	Nokia, NSB
	Yes
	We agree with the proponent, that the argument in Rel-15 for the 1 or 2 bits has been to cover the case for Type 2 CB with two missed DCIs. With extensive use of SPS HARQ for IIoT, a single missed DCI for dynamically scheduled PDSCH may already create issues. 
· Specification impact seems to be rather limited.  

	CATT
	No
	We think as long as the last DCI is missed, there would be misalignment in terms of HARQ-ACK codebook size which would lead to PUSCH decoding failure if it is multiplexed in PUSCH.

	QC
	Yes
	Support the proposal from Samsung. The issue is not about using beta factor to make HARQ-ACK more reliable. The issue is that for 1-2 bits dynamic HARQ-ACK, DAI normally cannot resolve the missing DCI issue, because there is only 1 DCI. If it is missed, it is missed. DAI does not work here. To facilitate gNB detect PUSCH with ambiguity that UE may missed the DCI, for 1-2 bits HARQ-ACK, HARQ-ACK puncture PUSCH in Rel-15. Now with SPS HARQ-ACK (say X bits) mux with the 1-2 bits dynamic HARQ-ACK, due to the same missing DCI issue, gNB may fail to decode the PUSCH, because gNB does not know UE multiplexed X bits, X+1 bits, or X+2 bits HARQ-ACK on PUSCH. To solve this issue, the easy way is adopt Samsung proposal, let the SPS HARQ-ACK+0/1/2 dynamic HARQ-ACK puncture PUSCH, which will resolve the ambiguity of gNB for PUSCH decoding.

	Samsung (in third round)
	
	Regarding the input from Vivo, we think network may ensure the reliability of A/N multiplexed on PUSCH by proper betta offset, provided that the A/N payload size is already correct. If it is not, betta offset cannot ensure the decoding reliability. We agree with DOCOMO that that the SPS A/N size is not impacted by the missing DCI, but the total A/N payload size is impacted due to the missing DCI. So the A/N payload size will be still in error. 
Regarding the comment from CATT, we think the impact depends on the SPS and DG A/N size. For 1 SPS + 1 DG, even in Rel-15/16 UE applies correct payload size i.e. 2 due to fixed number of reserved RE. If the RE reservation threshold is increased from 2, missing the one DCI can be handled for a larger number of SPS A/N bits. In summary,

1. For Rel-15(baseline): UCI less or equal to 2 bits  puncturing, UCI more than 2 bits  rate-matching
1. For Rel-15: One SPS configuration, one DCI scheduling PDSCH  NO impact on PUSCH multiplexing although UE misses one DCI since UE would apply puncturing assuming A/N size of 2 for the number of reserved REs.
1. For Rel-16: multiple (2 or more) SPS configuration, one DCI scheduling PDSCH  (if baseline still holds) impact on PUSCH multiplexing if UE misses one DCI since UE would apply rate-matching based on incorrect payload size, if number of SPS A/N is greater than 2”

	Vivo (in fourth round)
	
	Thanks a lot Samsung’s explanation! But, we are still wondering how many bits need to be reserved to resolve the issue entirely? Considering this is URLLC, and also share the views with the CATT that gNB can ensure the robustness transmission for the last DCI so that the probability for missing the last DCI is sufficient low. 

	Samsung (in fourth round)
	
	Response to Vivo: The proposal actually ensures robustness for URLLC. The issue is as in Rel-15 but is obviously more important for URLLC than it was in Rel-15 for eMBB. Robustness of last DCI is a common issue for all codebook aspects, including in Rel-15 for the reserved REs, Type-2 codebook, …. 




9.3 PDSCH Transmission without HARQ-ACK Feedback
The following is discussed by OPPO in [1]: 
For the following cases, PDSCH retransmission cannot satisfy the delay requirement of URLLC. HARQ-ACK feedback has no use for URLLC transmission, but causes the collision with other UL channels and leads to unnecessary dropping of eMBB transmission. 
· Case 1: One-shot PDSCH transmission. 
· Case 2: DL-heavy TDD carrier. One example is shown in Figure 2, the earliest HARQ timing for the PDSCH transmission in slot n is in slot n+4, which exceeds the delay requirement. Furthermore, if massive URLLC PDSCHs are transmitted, PUCCH blocking can be expected for this case.


Figure 2: Unnecessary HARQ-ACK feedback on DL-heavy TDD carrier
· Case 3: The transmission is closed to the maximum time delay. As shown in Figure 3, assuming the maximum time delay is 1 ms, the gap between the data arriving and the end of the first retransmission is closed to 1 ms, and the earliest ACK/NACK transmission must exceed the time delay.


Figure 3: Unnecessary HARQ-ACK feedback for the transmission closed to the maximum time delay
To reduce the power consumption for transmitting the unnecessary HARQ-ACK and avoid the loss of eMBB transmission, one-shot HARQ-ACK transmission should be supported for Rel-17 URLLC.
Proposal: PDSCH transmission without HARQ-ACK feedback HARQ-ACK should be supported for Rel-17 URLLC.

9.3.1 Email discussion (in 2nd to 4th round)
FL comment: 
It would be good to also get some input on additional proposals outside the study areas. The point just being, if there is strong objection to have more clarity and to not keep certain topics open too long unnecessarily (with re-submission of the same proposals in several consecutive meetings). 
Therefore, it is suggested to provide input on the following enhancement suggested. Please do not just indicate ‘Yes’, ‘no’, ‘FFS’, but also provide some reasons e.g. why this should or should not be considered. 
Question 9.3: Should RAN1 consider for Rel-17 URLLC to support PDSCH transmission without HARQ-ACK feedback HARQ-ACK (as described above)?
	Company
	Yes / No
	Comments

	QC
	Mayble
(Low priority)
	The configuration/case described is not very likely to happen in an IIOT context. The drawback with the proposal is the overhead, since 1 extra bit in the DCI is required. 

	Samsung
	No
	HARQ-ACK disabling has been considered in several WIs (including in Rel-16 for sidelink) but it is inappropriate for URLLC due to the reliability requirements. 

	DOCOMO
	No
	Unclear benefit and much spec work. Furthermore, the HARQ-ACK feedback can also help for link adaptation for more suitable MCS scheme. 

	vivo
	No 
	If this is targeting dynamic PDSCH. For SPS PDSCH, it depends on discussions in other sections. 

	Nokia, NSB
	No
	We don’t see a need for this. Moreover, it is a bit unclear how this proposal would be working. 

	CATT
	No
	

	Ericsson
	No
	




9.4 Non-integer SPS periodicities and ‘jitter window’ for SPS occasions
Apple in [12] discusses instead of ‘skipped’ SPS handling, the introduction of two possible alternative solutions: 
· Solution 1: Non-integer periodicities for DL SPS (as discussed by RAN2 for Rel-16)
· Solution 2: Define a jitter window around a nominal SPS occasion 
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Figure 2:  Jitter window to limit UE demodulation effort and HARQ generation
Proposal 1: Consider the support of configuration of non-integer periodicity for DL SPS to reduce HARQ feedback overhead.

Proposal 2: Consider the introduction of jitter window around a nominal arrival time to limit occasions for DL SPS feedback and HARQ generation.

9.4.1 Email discussion (in 2nd to 4th round)
FL comment overall: 
It would be good to also get some input on additional proposals outside the study areas. The point just being, if there is strong objection to have more clarity and to not keep certain topics open too long unnecessarily (with re-submission of the same proposals in several consecutive meetings). 
FL comment on the two proposed solutions: 
Based on edits by Apple, Solution/Proposal 2 (defining a jitter window) no propagated to the discussion on ‘skipped’ SPS-PDSCH in Sec. 4 (although the moderator is not sure if this is really about ‘skipped’ SPS PDCH or more of a configuration restrictions on SPS PDSCH grants, not about skipping). 
On solutions 1/proposal 1, non-integer SPS periodicities have been extensively discussed in Rel-16 IIoT WI in RAN2. It was not supported with the arguments, that this can be handled by dynamic scheduling, multiple SPS configurations or a combination of those. If this is to be re-discussed in Rel-17, the related discussions should be happening in RAN2. Therefore, it is encouraged to bring this to the discussion in RAN2, where this topic had been extensively discussed already for Rel-16 IIoT. 
Therefore, the moderator is suggesting the following related conclusion:
Proposed conclusion 9.4: Non-integer periodicities for SPS PDSCH are outside the scope of RAN1 studies on UE feedback and enhancements for HARQ. 
	Company
	Yes / No
	Comments

	Samsung
	Yes
	Use of multiple SPS configurations and/or DCI-based scheduling addresses it.

	DOCOMO
	No
	SPS periodicity already has had much discussion in R16 URLLC. No strong motivation to discuss in R17 any more.

	Apple
	
	The fundamental problem with SPS skipping is due to the mis-match between traffic’s periodicity and SPS configuration. If 1200 Hz or 60 KHz traffic are well supported today, then we won’t need to deal with  SPS skipping! We don’t agree with the conclusion. 

	vivo
	Yes
	Agree with FL’s assessment. 

	Lenovo, Motorola Mobility
	
	Agree with the proposed conclusion.

	Nokia, NSB
	Yes
	Agree with FL comments that this is a RAN2 issue (should be brought there by the proponent company, but there it had been extensively discussed in Rel-16 already). 

	CATT
	Yes
	Agree with FL’s assessment. 

	QC
	No
	The topic is out of RAN 1 scope.




9.5 Different TX power levels for ‘ACK’ and ‘NACK’
Mediatek in [20] based on extensive evaluations in Sec. 3 identified (based on different DTX-to-ACK, NACK-to-ACK etc. performance) that the current operation may not be sufficient. The interested reader is refered to the TDoc there directly. 
What is proposed: 
Support different PUCCH transmission power levels depending on whether ACK or NACK is transmitted.

9.5.1 Email discussion (in 2nd to 4th round)
FL comment: 
It would be good to also get some input on additional proposals outside the study areas. The point just being, if there is strong objection to have more clarity and to not keep certain topics open too long unnecessarily (with re-submission of the same proposals in several consecutive meetings). 
Therefore, it is suggested to provide input on the following enhancement suggested. Please do not just indicate ‘Yes’, ‘no’, ‘FFS’, but also provide some reasons e.g. why this should or should not be considered. 
Question 9.5: Should RAN1 consider for Rel-17 URLLC to support different PUCCH transmission power levels depending on whether ACK or NACK is transmitted? 
	Company
	Yes / No
	Comments

	QC
	Yes
	Useful feature for maintaining NACK to ACK probability equal to the desired reliability level, i.e. 10-5 or 10-6. The concerns from other companies require clarifications. E.g. why is DTX to ACK threshold of importance in an HARQ scheme in which both ACK and NACK are supported? When is the UE expected to apply DTX in an HARQ scheme with ACK or NACK?

	Samsung
	No
	Large specification impact, only applicable for 1-2 HARQ-ACK bits, can be addressed by gNB implementation through setting of the DTX-to-ACK threshold.

	vivo
	No
	Agree with Samsung’s views.

	Lenovo, Motorola Mobility
	No
	Not useful for HARQ-ACK codebook transmission, while significant spec work is expected.

	Nokia, NSB
	FFS / No
	More clarification from proponent company would be appreciated. If having a mixed ‘ACK’ and ‘NACK’ scenario, which TX power would be applied? How about Type 1 CB handling (what is considered as ‘NACK’ there, transmitted PDSCH having NACK)?

	CATT
	No
	Agree with Samsung’s views.

	Ericsson
	No
	Agree with Samsung’s view






9.6 MAC CE based switching between different sub-slot PUCCH configurations
In R16, the sub-slot configuration is RRC configured which does not allow for a more frequent change of the applicable sub-slot configuration of a PUCCH config (i.e. only slow adaptation possible). 
QC in [28] proposes that the gNB could configure multiple sub-slot configurations to the UE by RRC, which can then be (more) dynamically selected based on MAC CE signaling. See related figure in Appendix [28]. 

9.6.1 Email discussion (in 2nd to 4th round)
FL comment: 
It would be good to also get some input on additional proposals outside the study areas. The point just being, if there is strong objection to have more clarity and to not keep certain topics open too long unnecessarily (with re-submission of the same proposals in several consecutive meetings). 
Therefore, it is suggested to provide input on the following enhancement suggested. Please do not just indicate ‘Yes’, ‘no’, ‘FFS’, but also provide some reasons e.g. why this should or should not be considered. 
Question 9.5: Should RAN1 consider for Rel-17 URLLC to support MAC CE based switching between different sub-slot PUCCH configurations? 
	Company
	Yes / No
	Comments

	Samsung
	No
	No apparent need is identified for Rel-17 IIoT to require MAC instead of RRC for the sub-slot configuration.

	DOCOMO
	No
	Unclear benefit with introducing possible issues which brings much spec work. One possible issue is the MAC CE activation time may be longer than the time gap between PDSCH and HARQ-ACK.

	vivo
	No
	We did not see the motivation to dynamically switch the sub-slot configuration. 

	Lenovo, Motorola Mobility
	No
	

	Nokia, NSB
	No
	We are not sure if there is really an advantage as this is still having quite some lag – i.e. at the time when the change would be needed (e.g. just momentarily) the 3ms lag still may not be helping much. 

	CATT
	No
	

	QC
	Yes
	There is a benefit from the proposal for IIOT cycles in the order of 2 to 6 ms, which are expected to be quite common in IIOT.

	Ericsson
	No
	This kind of optimization is not really needed. 
We have sub-slot and 2 and 7 symbols sub-slot. NW can pick up the proper configuration. Fine tuning and switching between sub-slot configuration is not needed.





9.7 RAN1#103-e outcome & RAN1#104-e outlook
Final RAN1#103-e moderator comments: 
On the other suggested enhancements, there had only be little input given by companies – and none of these at least based on the feedback received would at this stage quality to be lifted as a new additional study area or deserve special consideration at this point. Therefore, companies are encouraged to consider these, and if so, note in their contribution to RAN1 if the related enhancement should be supported (to see if there would be stronger support compared to the current status based on the TDoc input). In case of little interest, as during RAN1#103-e, this would be again treated with lower priority. 
On the non-integer SPS periodicities (of Sec. 9.4), based on the input by all other except the proponent company, there seems to be the understanding that this enhancements has been extensively discussed during Rel-16 IIoT WI in RAN2 and is outside RAN1 scope. Therefore, the proponent company is encouraged to suggest this enhancement as input to the Rel-17 URLLC/IIoT discussions in RAN2 (instead of RAN1 / AI 8.3.1.1). 
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Appendix: RAN1 agreements on HARQ-ACK feedback enhancements for NR Rel-17 URLLC/IIoT
RAN1#102-e (Aug. 2020)
Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)


Agreements:
· Simultaneous PUSCH / PUCCH within a cell group (of Sec. 6.13 of R1-2007216) and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH (of Sec. 4.3 of R1-2007216) can be further discussed as part of AI 8.3.3 in this WI (but not as part of AI 8.3.1.1).   


Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback


RAN1#103-e (Oct/Nov 2020)
Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
1. Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
10. [bookmark: _GoBack]FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
1. Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
11. FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 

Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
1. ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
4. FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
4. Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
1. Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
5. FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
a. FFS: Details
2. NACK skipping (ACK-only) (Alt. 2)
a. FFS: Details
3. HARQ bundling / compression (Alt. 3)
a. FFS: Details including HARQ bundling / compression window, bundling / compression technique
4. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
a. The skipping / disabling is higher-layer configured per SPS configuration
b. FFS: HARQ-ACK skipping behaviour for Type 1 CB


Appendix: Summary of companies’ proposals
In here, the proposals and some example figures are collected for easier referencing. 
[1] R1-2007565	UE feedback enhancements for HARQ-ACK	Huawei, HiSilicon

Proposal 1：Deferring HARQ-ACK until the first available valid PUCCH resource should be supported to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol.
Proposal 2：Sub-slot based type 1 HARQ-ACK codebook construction should be supported in Rel-17.
Proposal 3：PUCCH repetitions over sub-slots should be supported in Rel-17, and dynamic indication of the number of repetitions should be supported.
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Figure 3 Two cases for PUCCH repetition over sub-slots

Observation 1：Due to TSC traffic and SPS periodicity misalignment, multiple SPS configurations should be configured to serve one traffic, and the consequence is that PDSCH skipping generates unnecessary NACK feedback.
Observation 2: Requiring the UE to always send HARQ feedback for all candidate PDSCHs can result in large overhead and unnecessary UL interference, when multiple DL SPS configurations with low periodicity are configured.
Proposal 4：ACK skipping and/or NACK skipping should be supported for DL SPS in Rel-17.
Proposal 5：The SPS HARQ is skipped only when the PUCCH would only carry the HARQ of SPS PDSCH(s).
Proposal 6：Dynamic PUCCH carrier switching could be considered for TDD carriers in Rel-17.
Observation 3: If the gNB configures up to two code words that one DCI may schedule, the high priority HARQ-ACK codebook construction based on two code words may increase its size unnecessarily.
Proposal 7: Regardless of the configured maximum number of code words, HARQ-ACK codebook construction based on only one code word could be considered for HARQ-ACK codebook with high priority in Rel-17.
Proposal 8：Retransmission of cancelled HARQ is not necessary in Rel-17.


[2] R1-2007655	HARQ-ACK enahncements for Rel-17 URLLC	vivo
Observation 1: The solution configuring an ordered candidate K1 set may cause potential out-of-order issue. 
Proposal 1: Consider the following options to avoid SPS HARQ-ACK dropping for TDD:
· Option 1: gNB dynamically indicates one or more transmission opportunities for collided HARQ-ACK bit(s).
· Option 2: Either or both enhanced dynamic codebook and one-shot feedback codebook are reused or enhanced for retrieving HARQ-ACK bit(s).
Proposal 2: On SPS HARQ-ACK skipping for skipped SPS PDSCH, at least Case 3 and Case 4 in which the HARQ-ACK codebook only contains HARQ-ACK for SPS PDSCH can be supported.
Proposal 3: It is beneficial for UE to identify if a SPS PDSCH is skipped or not, and DM-RS detection could be an option.
Proposal 4: Different solutions for SPS HARQ-ACK payload size reduction and/or skipping may be beneficial for respective scenarios.
Proposal 5: gNB could configure a preferred solution for one or a group of SPS configurations corresponding to a service based on relevant properties and requirements of the service.
Proposal 6: Unified solution(s) is supported for retransmission of cancelled HARQ-ACK for low priority and high priority.
Proposal 7: HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 are considered as a starting point, and can be clarified and enhanced further as required.
[3] R1-2007707	HARQ-ACK Enhancements for IIoT/URLLC	Ericsson
In the previous sections we made the following observations: 
Observation 1	When SPS occasions are over-provisioned to minimize the alignment delay to the actual transmission, there can be many unnecessary UE feedback transmission (NACK) corresponding to unused SPS occasions with no actual SPS PDSCH transmitted.
Observation 2	There is no need to support HARQ-ACK skipping for other multiplexing cases, e.g., multiplexing of HARQ-ACK bits of skipped SPS PDSCH and non-skipped PDSCHs.
Observation 3	There is no need for UE to have an independent step to identify the ‘skipped’ SPS PDSCH.
Observation 4	The existing PUCCH repetition framework is restrictive as it is only enabled by semi-static configuration and the configuration is tied to PUCCH format. Moreover, it is not applicable to sub-slot configuration of length 2 symbols.
Observation 5	Target BLER of PDSCH transmission depends on use case requirements where different scheduling strategies may be performed considering spectral efficiency. When PDSCH is not always transmitted with extremely low BLER, the benefit of skipping SPS HARQ-ACK with only ACK bits becomes less clear.
Observation 6	Large specification impact is expected from dynamic PUCCH carrier switching whereas latency benefit is unclear as it heavily depends on TDD pattern of the carriers.
Observation 7	It is sufficient to have semi-static configuration of the PUCCH cell other than PCell to use for HARQ-ACK feedback.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support deferring HARQ-ACK transmission to the next UL slot/symbols when it collides with invalid slot/symbols as a result of mismatch between SPS periodicity and TDD pattern.
Proposal 2	Support indicating a sequence of K1 values from a set of configured sequences, where K1 value in a sequence is cycled through and applied to each valid SPS PDSCH occasion successively.
DL slot
SPS
K1=(3,2,2)
UL slot
DL slot
SPS
DL slot
SPS
A/N
UL slot
DL slot
A/N

Figure 3 Multiple K1 values for HARQ-ACK of SPS with periodicity of 1 slot. 
Proposal 3	Support HARQ-ACK feedback skipping for a codebook with only DL-SPS HARQ ACK feedback when all HARQ-ACK bits in the codebook are NACK.
Proposal 4	Support sub-slot based PUCCH repetition where PUCCH repetition is performed across multiple sub-slots and each repetition uses the same resource (i.e., same starting symbol within a sub-slot, duration, and number of PRBs).
Proposal 5	Do not support back-to-back PUCCH repetition within a slot/sub-slot or PUCCH segmentation across slots/sub-slots.
Proposal 6	Support having a repetition factor for PUCCH repetition as part of the configuration of PUCCH resources.
Proposal 7	Support dynamic indication of PUCCH repetition in Rel-17 through PUCCH resource indication.
Proposal 8	Support PUCCH repetition based on UCI type through configuration of PUCCH resource.
Proposal 9	Support PUCCH repetition of PUCCH formats 0 and 2.
Proposal 10	If the scenario of cancelled HARQ-ACK is still present in Rel-17, support HARQ feedback based on Type-3 HARQ-ACK codebook to recover the cancelled HARQ-ACK.
Proposal 11	Support Type-3 HARQ-ACK codebook with priority indication in the triggering DCI.
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Figure 6 Example of Type-3 HARQ-ACK feedback with high priority indication in the triggering DCI. Here PUCCH with low priority HARQ-ACK is dropped, however the dropped HARQ-ACK bits would be included in the Type-3 HARQ-ACK codebook.   

Proposal 12	Support Type-3 HARQ-ACK codebook where only A/N of “activated CCs” are included in the codebook instead of all “configured CCs”.
•	Study other methods for size reduction for Type 3 HARQ-CB
Proposal 13	Do not support SPS HARQ payload size reduction.
Proposal 14	Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the  ratio 2μDL-μUL is changed to 2μDL-μUL/N, where N is the number of sub-slots in an UL slot.
Proposal 15	Do not support dynamic PUCCH carrier switching.
Proposal 16	Support a configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH.

In the previous sections we made the following observations: 
Observation 1	When SPS occasions are over-provisioned to minimize the alignment delay to the actual transmission, there can be many unnecessary UE feedback transmission (NACK) corresponding to unused SPS occasions with no actual SPS PDSCH transmitted.
Observation 2	There is no need to support HARQ-ACK skipping for other multiplexing cases, e.g., multiplexing of HARQ-ACK bits of skipped SPS PDSCH and non-skipped PDSCHs.
Observation 3	There is no need for UE to have an independent step to identify the ‘skipped’ SPS PDSCH.
Observation 4	The existing PUCCH repetition framework is restrictive as it is only enabled by semi-static configuration and the configuration is tied to PUCCH format. Moreover, it is not applicable to sub-slot configuration of length 2 symbols.
Observation 5	Target BLER of PDSCH transmission depends on use case requirements where different scheduling strategies may be performed considering spectral efficiency. When PDSCH is not always transmitted with extremely low BLER, the benefit of skipping SPS HARQ-ACK with only ACK bits becomes less clear.
Observation 6	Large specification impact is expected from dynamic PUCCH carrier switching whereas latency benefit is unclear as it heavily depends on TDD pattern of the carriers.
Observation 7	It is sufficient to have semi-static configuration of the PUCCH cell other than PCell to use for HARQ-ACK feedback.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support deferring HARQ-ACK transmission to the next UL slot/symbols when it collides with invalid slot/symbols as a result of mismatch between SPS periodicity and TDD pattern.
Proposal 2	Support indicating a sequence of K1 values from a set of configured sequences, where K1 value in a sequence is cycled through and applied to each valid SPS PDSCH occasion successively.
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Figure 3 Multiple K1 values for HARQ-ACK of SPS with periodicity of 1 slot. 


Proposal 3	Support HARQ-ACK feedback skipping for a codebook with only DL-SPS HARQ ACK feedback when all HARQ-ACK bits in the codebook are NACK.
Proposal 4	Support sub-slot based PUCCH repetition where PUCCH repetition is performed across multiple sub-slots and each repetition uses the same resource (i.e., same starting symbol within a sub-slot, duration, and number of PRBs).
Proposal 5	Do not support back-to-back PUCCH repetition within a slot/sub-slot or PUCCH segmentation across slots/sub-slots.
Proposal 6	Support having a repetition factor for PUCCH repetition as part of the configuration of PUCCH resources.
Proposal 7	Support dynamic indication of PUCCH repetition in Rel-17 through PUCCH resource indication.
Proposal 8	Support PUCCH repetition based on UCI type through configuration of PUCCH resource.
Proposal 9	Support PUCCH repetition of PUCCH formats 0 and 2.
Proposal 10	If the scenario of cancelled HARQ-ACK is still present in Rel-17, support HARQ feedback based on Type-3 HARQ-ACK codebook to recover the cancelled HARQ-ACK.
Proposal 11	Support Type-3 HARQ-ACK codebook with priority indication in the triggering DCI.
Proposal 12	Support Type-3 HARQ-ACK codebook where only A/N of “activated CCs” are included in the codebook instead of all “configured CCs”.
	Study other methods for size reduction for Type 3 HARQ-CB
Proposal 13	Do not support SPS HARQ payload size reduction.
Proposal 14	Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the  ratio  is changed to , where N is the number of sub-slots in an UL slot.
Proposal 15	Do not support dynamic PUCCH carrier switching.
Proposal 16	Support a configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH.

[4] R1-2007789	UE feedback enhancements for HARQ-ACK	TCL Communication Ltd.
The following proposals have been made in this document.
Observation 1: HARQ-ACK feedback overhead will be increased due to multiple SPS configurations or shorter periodicity.
Proposal 1: Study solutions for reducing HARQ-ACK feedback overhead corresponding to SPS DL with shorter periodicity.
Proposal 2: ACK skipping and/or NACK skipping mechanism for shorter SPS periodicity or multiple SPS configurations should be supported.
Proposal 3: To solve the collisions in TDD case, the following alternative solutions should be further studied:
· Option1: Solutions to postpone the HARQ-ACK feedback for SPS PDSCH; 
· Option2: Indicate multiple k1 values for the HARQ-ACK feedback;
· [image: ]
· Figure3 k1 indication for HARQ-ACK feedback in TDD case (Example 3 – k1 set {3,4,5} )

Proposal 4: If the solution of deferring HARQ transmission is adopted, the time interval between the postponed HARQ-ACK feedback and receiving the corresponding SPS PDSCH should not exceed the maximum value of k1.
Proposal 5: HARQ-ACK retransmission should be supported in Rel-17, and one-shot HARQ-ACK feedback could be a baseline.

[5] R1-2007849	UE feedback enhancements for HARQ-ACK	CATT
In this contribution, we discuss some considerations for HARQ-ACK feedback enhancements and give the following proposals.
Proposal 1: If PUCCH for SPS HARQ-ACK collides with semi-static DL symbol(s) or SSB symbols, the SPS HARQ-ACK feedback can be delayed to an earliest subsequent slot/sub-slot with the PUCCH symbol allocation for SPS only feedback within the slot/sub-slot which does not collide with semi-static DL symbol(s) or SSB symbols.
Proposal 2: SPS HARQ-ACK can only be delayed to a slot/sub-slot included in configured K1 set.
Proposal 3: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.


Figure 5: Issue of extending reference SLIV for Type-1 codebook 

Proposal 4: Extending SLIVs in a serving cell for Type-1 HARQ-ACK codebook should be enhanced by considering the SLIVs in slot(s) configured with DCI format 1_2 monitoring only and considering PDCCH monitoring occasions in that slot only in case repetitions is not configured for the serving cell.
Proposal 5: SPS HARQ skipping is not supported in Rel-17.
Proposal 6: Sub-slot based PUCCH repetition should not be supported in Rel-17.
Proposal 7: Retransmission of canceled / dropped low-priority HARQ should be studied with low priority if agreed.
Proposal 8: Disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction.
Proposal 9: Dynamic UL carrier switching for PUCCH should not be supported in Rel-17.


[6] R1-2007900	HARQ feedback enhancement for URLLC	Beijing Xiaomi Software Tech
Proposal 1: Two alternatives can be considered for retransmitting collided HARQ-ACK，
Alt 1, retransmit collided HARQ-ACK in the first following slot containing available PUCCH resource for HARQ-ACK.
Alt 2, retransmit collided HARQ-ACK in the next effective PUCCH resource for HARQ-ACK of SPS PDSCH.



Fig.1 retransmit collided HARQ-ACK in the first following slot containing available PUCCH resource for HARQ-ACK


Fig.2 retransmit collided HARQ-ACK in the next effective PUCCH resource for HARQ-ACK of SPS PDSCH

Observation 1: Type 1 and Type 2 HARQ-ACK codebook has almost the same miss detection performance for URLLC service.
Proposal 2: The following cases should be treated as low priority,
1) SPS HARQ skipping for ‘skipped’ SPS PDSCH
2) PUCCH repetition enhancements
3) Type 1 HARQ codebook based on sub-slot PUCCH configuration
[7] R1-2008007	Discussion on UE feedback enhancements for HARQ-ACK	CMCC
Proposal 1: Support defer HARQ-ACK for SPS PDSCH to the first available valid PUCCH resource in case it collides with downlink symbols configured by TDD-UL-DL-ConfigCommon/Dedicated.
Proposal 2: For definition of “valid PUCCH resource”, the following alternatives can be further studied:
· Alt.1: “valid PUCCH resource” is a PUCCH resource without DL symbol(s) configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated
· Alt.2: “valid PUCCH resource” is periodically configured PUCCH resource/slot, and UE could expect that the configuration of periodic PUCCH resource/slot is always aligned with semi-static UL/DL configuration.
· 

· Figure 1: Illustration of SPS HARQ-ACK dropping for TDD


Proposal 3: Both type-1 and type-2 HARQ-ACK codebook construction need to be enhanced to accommodate the deferred SPS HARQ-ACK bits.
Proposal 4: For type-1 HARQ-ACK codebook, if the originally configured or defined K1 set is {K1,1, K1,2……K1,n}, it should be updated to be the union of { K1,1 ，K1,1+T-1 },{ K1,2 ，K1,2+T-1 }…{ K1,n ，K1,n+T-1 }, where T is the periodicity in semi-static UL/DL configuration or the periodicity of periodically configured PUCCH resource/slot.
Proposal 5: For type-2 HARQ-ACK codebook, the total bits to be appended for one activated SPS configuration needs to contain all the HARQ-ACK bits for SPS PDSCH reception activated from slot n- K1,c -T+1 to slot n- K1,c, where K1,c is the PDSCH-to-HARQ-feedback timing value in DCI activating the corresponding SPS configuration.
Proposal 6: Support SPS HARQ skipping for ‘skipped’ SPS PDSCH in R17 and consider it as high priority.
Proposal 7: PUCCH repetition enhancements is considered as low priority.
Proposal 8: Retransmission of cancelled HARQ is considered as low priority.
Proposal 9: SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH is considered as low priority.
Proposal 10: Support Type 1 HARQ codebook based on sub-slot PUCCH config in R17 and consider it as high priority.

[8] R1-2008057	Discussion on UE feedback enhancement for HARQ-ACK	LG Electronics
Proposal 1: Consider to shift the HARQ-ACK feedback for SPS PDSCH from invalid PUCCH resource to next available PUCCH resource. 
Proposal 2: For SPS PUCCH occasion overlapping semi-static DL symbol, postpone HARQ-ACK transmission to next SPS PUCCH occasion of corresponding SPS configuration.
· FFS: whether to use SPS PUCCH occasion for different SPS configuration. 
Proposal 3: When delaying HARQ-ACK transmission for SPS PDSCH reception is supported, the end of delayed HARQ-ACK transmission should be no later than,
· The starting symbol of upcoming PDSCH occasion corresponding to same HARQ process ID, and
· The ending symbol of the PUCCH transmission carrying HARQ-ACK of other PDSCH reception received after the SPS PDSCH reception.
Proposal 4: Consider to support NACK only HARQ-ACK feedback based on PUCCH resource request in order for reducing PUCCH overhead. 
Proposal 5: Consider to support sub-slot based PUCCH repetition with following aspects.
· Take Rel-15/16 slot-based PUCCH repetition structure as a baseline
· Discuss whether/how to support dynamic indication of the number of repetition
· Discuss whether/how to multiplex/prioritize with other PUCCH/PUSCH transmissions


[9] R1-2008159	HARQ-ACK feedback enhancements for Rel-17 URLLC/IIoT	Samsung

Proposal 1: Support only semi-static TDD configuration for determining available PUCCH resources for PUCCH transmission with HARQ-ACK information in response to SPS PDSCH receptions. 
Proposal 2: A UE determines a set of SPS PDSCHs with corresponding HARQ-ACK information provided by a PUCCH transmission and a PUCCH resource for the PUCCH transmission based onK1 value, and semi-static TDD configuration. 
Proposal 3: Consider skipping a PUCCH transmission with only HARQ-ACK information in response to SPS PDSCH reception when all corresponding values are ‘NACK’. 
Proposal 4: Support PUCCH repetitions using for PUCCH formats 0 and 2. 
Proposal 5: Use an UL grant scheduling a PUSCH without UL-SCH to request HARQ-ACK information that was multiplexed in a dropped PUSCH/PUCCH transmission.
Proposal 6: Deprioritize SPS HARQ-ACK payload size reduction. 
Proposal 7: Consider potential Type-1 HARQ-ACK codebook enhancements for intra slot repetition in Rel-17.


Related to Proposal 7 - Figure 4. An example of extended SLIV for intra slot repetition

Proposal 8: Consider potential support of type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration subject to minimal additional specification/implementation complexity.
Proposal 9: Discuss whether PUCCH carrier switching is beneficial and, if so, what can be the scope in Rel-17. 
Proposal 10: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.
The followings are observations of this contribution. 
Observation 1: A UE cannot be expected to determine absence of SPS PDSCH reception and should generate HARQ-ACK information without “skipping”. 
Observation 2: Repetitions of a PUCCH transmission over 1 or 2 symbols can maximize UL resource utilization and minimize latency for URLLC. 
[10] R1-2008279	HARQ-ACK enhancements for Rel-17 URLLC/IIoT	OPPO

Observation 1: In case of we have more concern about the impact on reliability caused by PDCCH reception, the reliability of HARQ-ACK feedback transmitted by type-1 codebook may be higher than type-2 codebook.
Observation 2: The payload of type-1 codebook can be optimized based on the proper configuration of K1 to guarantee the reliability of PUCCH transmission.
Proposal 1: Sub-slot based type-1 HARQ-ACK codebook should be supported in Rel-17.
Proposal 2: If sub-slot based type-1 HARQ-ACK codebook is supported, to determine the occasions for candidate PDSCH receptions, the following limitation should be considered:
· For a given sub-slot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the sub-slot, row r is removed from the cardinality of TDRA rows.


Figure 1. The sets of occasions for candidate PDSCH receptions


Proposal 3: HARQ-ACK retransmission should be supported for Rel-17 URLLC.
Proposal 4: PDSCH transmission without HARQ-ACK feedback HARQ-ACK should be supported for Rel-17 URLLC.


Figure 2: Unnecessary HARQ-ACK feedback on DL-heavy TDD carrier


Figure 3: Unnecessary HARQ-ACK feedback for the transmission closed to the maximum time delay

Proposal 5: A set of slots is configured to transmit SPS HARQ-ACK, and separated K1 is configured for each slot.
Proposal 6: HARQ-ACK codebook for SPS PDSCH can be enhanced to achieve lower UCI overhead.



Figure 6: SPS HARQ-ACK codebook determined based on the HARQ processes


Figure 7: Multiple SPS PDSCH sources share one HARQ-ACK bit in SPS HARQ-ACK codebook 


[11] R1-2008355	Considerations in HARQ-ACK enhancements for URLLC	Sony

In this contribution, we discuss some features proposed for HARQ-ACK enhancements.  We observe the following: 
Observation 1: Sub-slot PUCCH repetitions would lead to intra-UE PUCCH collision where PUCCH repetitions in a sub-slot collide with another PUCCH in another sub-slot.
Observation 2: The 2 level L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH collisions.
Observation 3: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.

We therefore propose the following:
Proposal 1: Up to NHARQ of dropped SPS HARQ-ACKs due to collision with DL symbols or invalid symbols in TDD can be retransmitted by multiplexing into the first available PUCCH resource.  Value of NHARQ is FFS.
Proposal 2: If SPS HARQ skipping is supported, consider using MAC CE in a transmitted SPS PDSCH to indicate dynamically which SPSs are skipped.
Proposal 3: If sub-slot PUCCH repetition is introduced, consider reducing the priority of a repetition according to the number of repetitions that had already been transmitted.
[image: ]
Figure 3: Collision with PUCCH repetitions
		FL comment: P#2 PUCCH may be prioritized, as already 3 transmissions of PUCCH P#1 have happened

Proposal 4: Consider retransmission of cancelled Low L1 priority and High L1 priority HARQ-ACKs.
Proposal 5: Consider using e-Type 2 and/or Type 3 HARQ-ACK codebooks as a starting point in designing the mechanism to handle retransmission of cancelled HARQ-ACKs.
Proposal 6: Consider handling of retransmissions of cancelled HARQ-ACK of different L1 priority and/or different codebook type in another HARQ-ACK codebook of different L1 priority and/or different codebook type.
Proposal 7: SPS HARQ payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH are not supported in Rel-17.

[12] R1-2008460	Discussion on UE feedback enhancements for HARQ-ACK	Apple

Proposal 1: Consider the support of configuration of non-integer periodicity for DL SPS to reduce HARQ feedback overhead.
[image: Timeline
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Figure 1 DL SPS configuration matched with the traffic's periodicity, SCS at 15 KHz

Proposal 2: Consider the introduction of jitter window around a nominal arrival time to limit occasions for DL SPS feedback and HARQ generation.
[image: A picture containing diagram
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Figure 2:  Jitter window to limit UE demodulation effort and HARQ generation

[13] R1-2008821	Discussion on HARQ-ACK enhancements for eURLLC	ZTE

According to the analysis given above, we have the following observations and proposals:
Observation 1: For shorter SPS periodicities, one fixed HARQ-ACK timing value k is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
Observation 2: HARQ-ACK (even high-priority HARQ-ACK) piggybacked on PUSCH will be dropped due to inter-UE multiplexing, which leads to numerous of PDSCH re-transmissions and spectral efficiency degradation. 
Proposal 1: Indicate a set of k values where each k value for each SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values. If more than one sets are configured, one set is determined based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI.

[image: ]
Figure 2 HARQ-ACK timing indication for SPS with indicating a set of HARQ-ACK timing values

Proposal 2: HARQ-ACK overhead for ‘skipped’ SPS PDSCHs should be reduced.
Proposal 3: Skipping for ‘non-skipped’ SPS PDSCH should not be supported.
Proposal 4: Sub-slot based PUCCH repetition enhancements is supported:
· Similar mechanism of the slot-based PUCCH repetition in Rel-15/16 can be applied to the sub-slot based PUCCH repetition, and the PUCCH format includes PUCCH F0/F2.
Proposal 5：The standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first.
· The similar principle could be applied for high priority HARQ-ACK retransmission if it does not require a lot of extra standardization work compared to low priority HARQ-ACK.
Proposal 6: A new PUCCH or PUSCH resource for the transmission of low priority HARQ-ACK due to intra-UE prioritization should be considered. 
· Option1: A new PUCCH or PUSCH resource is indicated by DCI for retransmission of the cancelled low priority HARQ-ACK.
· Option2: A new PUCCH or PUSCH resource is indicated by DCI for transmission of low priority HARQ-ACK to be cancelled.
Proposal 7: Re-transimission of the cancelled HARQ-ACK information piggybacked on PUSCH due to inter-UE multiplexing should be considered. 
Proposal 8: Type 1 codebook based on sub-slot should be supported in Rel-17 URLLC.
Proposal 9: Determine the type1 HARQ-ACK codebook based on sub-slot with the following procedure:
· Divide candidate PDSCH into SLIV groups based on slots (already supported in Rel-15/16)
· Associate a SLIV group with a virtual DL sub-slot according to the latest end symbol of the PDSCHs in the SLIV group
· Cascade the HARQ-ACK bit corresponding to each SLIV group according to the order of the SLIV group.

[image: ]
Figure 4 SLIV group splitting for the sub-slot-based HARQ-ACK feedback
[image: ]
Figure 5 A case for no candidate PDSCH associated in sub-slot1

Proposal 10: Dynamic PUCCH carrier switching should be supported in HARQ-ACK enhancement in Rel-17 URLLC.

[14] R1-2008842	HARQ-ACK Feedback Enhancements for URLLC/IIoT	Nokia, Nokia Shanghai Bell

dropping of SPS HARQ-ACK feedback in TDD operation 
Observation 2.1: Using dynamic signaling to collect SPS HARQ-ACK feedback (e.g. NN k1 or Type-3 CB mechanisms from NR-U) is not appropriate for solving the problem of dropping of SPS HARQ-ACK feedback in TDD operation due to high overhead and error-proneness.
Observation 2.2: The options of deferring HARQ-ACK until the first available valid PUCCH resource do not provide sufficient flexibility of mapping HARQ-ACK to PUCCH resource. 
Proposal 2.1: gNB indicates a set K1 containing multiple k1 values applicable to all SPS PDSCH per SPS configuration or across multiple SPS configurations. For each SPS PDSCH, the UE checks each k1 value in K1 set (e.g. in the order from left to right), and the first k1 value that results in a valid uplink PUCCH resource is selected.  
[image: ]
Figure: Option 6 - example K1 configurations for different UL/DL TDD slot formats.


SPS HARQ skipping for ‘skipped’ SPS PDSCH 
Observation 3.1: Supporting blind SPS PDSCH presence / skipping detection creates severe gNB DL scheduling restrictions to enable such detection in the first place. Wrong UE assumption (errors in the skipping detection) may lead to detrimental DL performance, wrong CB size assumption or create unwanted PUCCH collisions. 
Proposal 3.1: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, simple ‘NACK skipping’ without any additional skipping identification step is to be selected.  
Proposal 3.2: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, the configuration of the HARQ skipping for skipped SPS PDSCH is separately configurable for each SPS configuration.
Proposal 3.3: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, the HARQ skipping procedure is to be limited to the single case of only skipped HARQ for skipped SPS PDSCH is to be reported on PUCCH. For all other cases, such as other HARQ or other type of UCI to be mapped to PUCCH/PUSCH or if skipped HARQ for skipped SPS PDSCH is the only UCI to be mapped to PUSCH, the UE should not skip the HARQ transmission / mapping.

enhancements for SPS HARQ ACK payload reduction 
Proposal 4.1: For SPS PDSCH HARQ-ACK feedback reduction, the gNB can semi-statically disable HARQ-ACK feedback for one or multiple SPS configurations. 

PUCCH repetition enhancements 
Proposal 5.1. Treat the sub-slot PUCCH repetition with lower priority in this AI during RAN1#103e, as the overlapping focus discussions on PUCCH repetition enhancements is still pending in 3GPP RAN.
Observation 5.1: The motivation to support sub-slot based PUCCH repetition from URLLC perspective seems to be rather limited, as PUCCH repetition has negative impacts on the PUSCH and PDSCH (re-transmission) latency.
Proposal 5.2: If the sub-slot PUCCH repetition support (limited to single TRP operation) is to be introduced as part of the Rel-17 URLLC WI, due to the limited motivation for URLLC, the support is to be focused on feature parity of Rel-16 sub-slot PUCCH with Rel-15 PUCCH repetition operation by applying the Rel-15 slot-based PUCCH repetition framework directly. 
Observation 5.2: If the sub-slot PUCCH repetition support (limited to single TRP operation) is to be introduced as part of the Rel-17 URLLC WI, the handling of 2OS sub-slot PUCCH may require the support of repetition of short PUCCH formats (i.e. PUCCH formats 0 & 2). 
Observation 5.3: URLLC PUCCH reliability and URLLC/eMBB service differentiation do not motivate the introduction of dynamic PUCCH repetition indication in the DCI scheduling PDSCH. From URLLC perspective, the motivation for supporting dynamic PUCCH repetition indication comes mainly from the possibility to dynamically balance the HARQ-ACK reliability and PDSCH/PUSCH latency.  

on retransmissions of dropped HARQ-ACK 
Observation 6.1: The use case and benefit of retransmission of high priority HARQ-ACK is less clear whereas retransmission of low priority HARQ-ACK can be assumed to be beneficial for substantial saving of DL resources.
Proposal 6.1: If retransmission of cancelled HARQ-ACK will be specified, support for low priority HARQ-ACK retransmissions must be included. No optimizations specifically for HP HARQ-ACK should be specified.
Observation 6.2: The existing specification of Type 3 HARQ-ACK codebook is in principle readily available as an IIoT Rel-17 HARQ enhancement. However, additional enhancements for codebook size reduction may be beneficial.     
Observation 6.3: Enhanced Type 2 codebook does not currently support SPS HARQ-ACK retransmission, would increase complexity considerably and does not help with retransmissions when Type 1 codebook is used.
Observation 6.4: Considering URLLC, NN-K1 has limitations that it does not work with Type 1 HARQ-ACK codebook and operation with SPS is open. 
Proposal 6.2: Extend the use of Type 3 codebook for IIoT to enable retransmissions of dropped HARQ-ACK. Study ways of reducing / limiting the Type 3 codebook size.   
Observation 6.5: Triggering retransmission of dropped HARQ-ACK via DCI scheduling UL grant and/or via semi-static configuration at least for CG PUSCH could decrease the downlink control overhead.
Proposal 6.3: Study triggering the retransmission of dropped HARQ-ACK on PUSCH via DCI scheduling UL grant and via semi-static configuration (at least for CG PUSCH).

We assume the Type 1 CB for sub-slot PUCCH to be supported in Rel-16 based on our draft CR in R1-2008298 and the discussions in Sec. 7 on Type 1 HARQ ACK Codebook size reduction which summarize only on additional possible enhancements can be summarized in the following related observations and proposals: 
Proposal 7.1: To reduce the Type-1 HARQ-ACK codebook size, the gNB should be able to configure the UE with a special “feedback” TDRA tables used for Type-1 HARQ-ACK codebook construction. This “feedback” TDRA table is used in the Type-1 HARQ-ACK CB construction pruning process and maps the possible DL assignment for PDSCH (e.g. SPS) into the entries of the “feedback” TDRA table. 

[image: ]
Figure 7.1. Example TDRA table with 6 rows.
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Figure 7.2. HARQ-ACK bit position after R15 pruning. For this we need a codebook of 4 bits.
[image: ]
Figure 7.3. Example of a F-TDRA table.
[image: ]
Figure 7.4. HARQ-ACK bit position after pruning of the TDRA table of Figure 7.1 into the example F-TDRA table of Figure 7.3. With the configured example F-TDRA, the codebook size is reduced to 2 bits.


dynamic PUCCH carrier switching 
Observation 8.1: The usage of dynamic PUCCH carrier switching/multiplexing of ‘invalid’ PUCCH on PUSCH to reduce the HARQ-ACK delay is limited to the narrow cases of (1) inter-band TDD CA operation where (2) the cells in different bands would have as different link directions as possible at a given time by using different UL/DL configurations.  
Proposal 8.1: RAN1 to focus on more generically applicable HARQ-ACK feedback enhancements in Rel-17 than dynamic PUCCH carrier switching due to its rather limited applicable scenarios.
Observation 8.2: Further clarifications on dynamic PUCCH carrier switching would be needed including e.g. aspects on the switching signaling (dynamic / semi-static), PUCCH config on SCell, TPC operation, dynamic overriding supported (similar as PRI), SPS HARQ-ACK handling, payload of PUCCH on SCell (SR &/ CSI in addition to HARQ?).     
Observation 8.3: Allowing multiplexing HARQ-ACK of ‘invalid’ PUCCH on SCell PUSCH instead of dynamic PUCCH carrier switching will allow for the same HARQ-ACK latency, would have benefits in terms of SPS HARQ-ACK handling as well as in terms of PUSCH reliability (uncertainty if HARQ is multiplexed or not) – but may require the support of PUSCH without UL-SCH operation and may require separate UL grants increasing the DL control overhead.      

[15] R1-2008941	UE feedback enhancements for HARQ-ACK	NEC Corporation
Proposal 1:
· Semi-static HARQ-ACK codebook for sub-slot based HARQ-ACK feedback procedure should be supported.
· The sub-slot based semi-static HARQ-ACK codebook can be determined based on following three-steps:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slot within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
[image: ]
Fig.1 Example for step 1 with K1={1,2,3} and 7-symbol sub-slot length
[image: ]
Fig.2 Example for TDRA table splitting for 7-symbol sub-slot


Proposal 2:
· In case PUCCH resource for SPS HARQ-ACK is not available due to collision with DL symbol or flexible symbol, the HARQ-ACK for SPS PDSCH will be delayed to next available PUCCH resource.  
· If the number of HARQ-ACK bits carried in a PUCCH resource exceeds the value M, then the PUCCH resource is not valid for the delayed HARQ-ACK.
· FFS the HARQ-ACK codebook construction including the delayed HARQ-ACK.

 Proposal 3:
· Support skipping PUCCH transmission if all HARQ-ACK bits in the PUCCH resource for SPS PDSCH only are NACK.

Proposal 4:
· Skipping PUCCH transmission for ACK for SPS PDSCH is not supported for URLLC in Rel-17.  
Proposal 5: 
· The Type-1 HARQ-ACK codebook ACK/NACK bits will only be present if the corresponding slot or sub-slot has at least one PDCCH transmission, and the reliability of Type-1 HARQ-ACK codebook for URLLC service can be enhanced by the addition of DAI counters.


[16] R1-2008952	Discussion on UE feedback enhancements for HARQ-ACK	Panasonic Corporation

Proposal 1: For support avoiding SPS HARQ-ACK dropping for TDD, following options are further studied.
· Option 1: Deferring HARQ-ACK until the first available valid PUCCH resource
· Option 2: gNB dynamic indication of one or more transmission opportunities for the postponed HARQ-ACK to UE
· Option 4: Support one-shot HARQ-ACK request (i.e., Type 3 CB) for group of SPS HARQ processes
Observation 1: The motivation to considering ‘skipped’ SPS PDSCH should be clarified.
Observation 2: In low BLER operation, ACK skipping is more reasonable than NACK skipping.
Observation 3: Involving HARQ codebook may not provide gain of HARQ skipping.
Proposal 2: ACK skipping for SPS PDSCH is supported for one or two bits HARQ-ACK case.
Proposal 3: Following enhancement should be supported in Rel.17.
· The PUCCH repetition of short PUCCH formats (PUCCH formats 0 or 2) 
· The dynamic indication of the number of PUCCH repetition.
Proposal 4: For the system efficiency improvement, multiplexing the HARQ-ACK associated with different priorities into one PUCCH or PUSCH should be prioritized.
Proposal 5: HARQ-ACK retransmission could be considered as one of potential techniques for improving the system efficiency. For HARQ-ACK retransmission, if specified, the techniques specified in Rel.16 NR-U such as enhanced Type-2 HARQ-ACK codebook and/or Type 3 HARQ-ACK codebook should be a starting point.


[17] R1-2008984	Discussion on prioritized UE HARQ feedback enhancements for URLLC/IIoT	Intel Corporation

Proposal 1
· Support configuration of additional PUCCH resource(s) with possibly different PUCCH format, start symbol, length symbol, K1 value for DL SPS HARQ-ACK
· The additional PUCCH resource can be used whenever the original PUCCH resource could not be mapped due to collision with DL symbols or flexible symbols if SFI is not configured, FFS case if SFI is configured



Figure: Providing additional PUCCH resource for DL SPS HARQ-ACK


Proposal 2
· Support Type 3 CB carrying DL SPS HARQ-ACK information on a given carrier.
· Support NNK1 for DL SPS HARQ-ACK.
Proposal 3
· Support enhanced PUCCH repetition mechanism resulting in repetitions within a slot or across slots, each repetition possibly having different starting symbol and duration.
Proposal 4
· Support enhanced PUCCH repetition mechanism with dynamic indication of the total PUCCH duration, i.e. dynamic indication of number of repetitions.
· PUCCH resource ID in this case points to the number of PUCCH repetitions associated with the triggered PUCCH format.
Proposal 5
· Support grouping of SPS PDSCH occasions which are bundled into a single HARQ-ACK bit.


Figure 4. Illustration of grouped SPS PDSCH occasions for HARQ-ACK bits bundling


[18] R1-2009011	UE feedback enhancements for HARQ-ACK	ETRI

Proposal 1: Allowing to apply Rel-16 NRU tools to the licensed band as well
Proposal 2: When one bit of SPS HARQ-ACK is transmitted, a UE may transmit PUCCH at least when ACK is detected.
Proposal 3: When more than one bits of SPS HARQ-ACK is transmitted, the HARQ-ACK bundling is introduced to reduce the overhead.
Proposal 4: Sub-slot based PUCCH repetition is supported, and additionally consider more repetition factors are required.
Proposal 5: Scheduling DCI can indicate the repetition factor for PUCCH.

[19] R1-2009053	Discussion on UE feedback enhancements for HARQ-ACK	Asia Pacific Telecom co. Ltd
Observation 1	Both a high priority HARQ-ACK codebook and a low priority HARQ-ACK codebook may be cancelled.
Observation 2	It is beneficial to allow gNB to trigger a Type-3 HARQ-ACK codebook by a DCI indicating low priority or indicating high priority.
Proposal 1	The maximum number of slots that can be deferred for SPS HARQ-ACK is configured per SPS configuration.
Proposal 2	A PUCCH resource for only SPS HARQ-ACK should be provided in a slot in which no SPS HARQ-ACK is indicated to be transmitted.
Proposal 3	Study mechanism for retransmission of high priority HARQ-ACK codebook and low priority HARQ-ACK codebook using enhanced Type-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook as a starting point.
Proposal 4	  Support dynamic PUCCH carrier switching for HARQ-ACK in Rel-17.

[20] R1-2009063	On UE feedback enhancements for HARQ-ACK	MediaTek Inc.
In this contribution, we have made the following observations and proposals:
 Observation 1: PUCCH alignment adds to the latency especially for TDD operation with DL-heavy patterns hence compromising both the latency and the reliability. 
Observation 2: The sub-6 TDD bands are widely deployed for 5G-NR. They suffer however from large latency, penalizing the URLLC deployment in these bands.
Observation 3: Use of mini-slots scheduling and UE processing time capability #2 don’t deliver any substantial latency advantage for TDD patterns with large UL/DL periodicity.
Observation 4: The UL/DL TDD pattern is the bottleneck for the URLLC latency for deployment on sub-6 TDD bands.
Observation 5: Dynamic cross-carrier PUCCH allows for up to 30% latency reduction.
Observation 6: Dynamic cross-carrier PUCCH doubles the network capacity and reduces the resource utilization compared to the Carrier Aggregation baseline operation.
Observation 7: Receive diversity is essential for enhancing the reliability of PUCCH.
Observation 8: The required SNR for achieving the target NACK-to-ACK error rate is generally higher than the required SNR for achieving the target missed ACK rate.
Observation 9: The difference between the required SNR for achieving the target missed ACK and NACK-to-ACK error rates depends on the system setting (e.g. number of PRBs and number of receive antennas).


Proposal 1: Support dynamic cross-carrier PUCCH for Carrier Aggregation.
Proposal 2: Support different PUCCH transmission power levels depending on whether ACK or NACK is transmitted.
Proposal 3:  Don’t proceed with the SPS HARQ skipping for “skipped” SPS PDSCH study in RAN1.
Proposal 4:  Don’t proceed with the PUCCH repetition enhancement study in RAN1.
Proposal 5: Support retransmission of cancelled low priority and high priority HARQ. 
Proposal 6: Don’t proceed with SPS HARQ payload size reduction study in RAN1
Proposal 7: Don’t proceed with sub-slot based type 1 HARQ-ACK codebook for URLLC in RAN1 Rel-17

[21] R1-2009083	HARQ-ACK enhancements for DL SPS	InterDigital, Inc.

Proposal 1:  HARQ-ACK codebook type 3 can be used as baseline to schedule the UE to transmit the SPS HARQ-ACK(s) of PUCCH(s) that collide with DL or flexible symbols.
Proposal 2:  The UE can be triggered to transmit only the SPS HARQ-ACK(s) of PUCCH(s) that collide with DL or flexible symbols.
Proposal 3:    SPS HARQ-ACK payload size reduction is supported.
Proposal 4:    The UE can skip the HARQ-ACK transmission for skipped SPS PDSCH.

[22] R1-2009101	HARQ-ACK feedback enhancement for IIoT/URLLC	Lenovo, Motorola Mobility

· Observation 1: In SPS operation for IIoT, delaying HARQ-ACK feedback beyond a certain time may not be useful, since the communication service may be considered unavailable after survival time.
· Proposal 1: Consider potential enhancements to HARQ-ACK feedback based on survival time requirement for applications.
· Proposal 2: In Rel-17, support delaying HARQ-ACK feedback for SPS PDSCH if a corresponding PUCCH resource is not available. 
· Proposal 3: Define the maximum allowed HARQ-ACK feedback delay for a given SPS PDSCH or a set of consecutive SPS PDSCHs.
· Proposal 4: If UE cannot transmit HARQ-ACK information within the configured maximum HARQ-ACK feedback delay, the UE may discard the HARQ-ACK information. 
· Observation 2: Configuring a UE with multiple PUCCH carriers and allowing the UE to dynamically switch across the configured PUCCH carriers can provide the UE with more HARQ-ACK transmission opportunities under dynamic TDD operation.
· Proposal 5: Support dynamic PUCCH carrier switching, in order to avoid frequent cancellation of HARQ-ACK transmission for SPS PDSCHs with short periodicities. 

[23] R1-2009133	UE feedback enhancements for HARQ-ACK	Sharp
Proposal 1:
· To avoid SPS PDSCH HARQ-ACK dropping for TDD, the SPS HARQ-ACK is allowed to be transmitted in a later PUCCH by deferring HARQ-ACK until the first available valid PUCCH resource.

Proposal 2:
· SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH is supported in Rel-17.

Proposal 3:
· ‘Sub-slot’ type of PUCCH repetition is supported in Rel-17.
· For short PUCCH, repetitions within and across sub-slots can be supported.
· For sub-lot based long PUCCH, PUCCH repetition from sub-slot to sub-slot is supported.
Proposal 4:
· As a potential solution for retransmission of cancelled HARQ, support Type-3 HARQ-ACK codebook corresponding to mixed priorities.

[24] R1-2009140	UE feedback enhancements for HARQ-ACK	China Unicom

Observation 1: TDD frame structure should be considered to avoid SPS PDSCH HARQ-ACK dropping.
Proposal 1：In the case of PUCCH transmission adopts an extreme reliability, skipping PUCCH transmission of SPS NACK feedback should be supported for DL SPS in Rel-17.
Proposal 2：Sub-slot based PUSCH repetition should be supported for DL SPS in Rel-17.
[25] R1-2009148	Discussion on necessity and support of Physical Layer feedback enhancements	Spreadtrum Communications

Proposal 1. Support delaying the HARQ-ACK transmission to the nearest available UL sub/sub-slot to avoiding SPS HARQ-ACK dropping for TDD.
Proposal 2. The HARQ-ACK codebook sequence first follows the ascending order of virtual PUCCH slot index, and for all the HARQ-ACK bits corresponding to a same virtual PUCCH slot, the bit sequence follows Rel-16 rule. 


Figure 1: Type 2 codebook generation for SPS with HARQ-ACK delay

Proposal 3: Support sub-slot based PUCCH repetition transmission.
Proposal 4: Support dynamic indication of repetition number of PUCCH transmission.
Proposal 5. Support sub-slot based type1 HARQ-ACK codebook in Rel-17 URLLC to further enhancement UCI reliability. Generating a separate codebook for each priority as a starting point. 
Proposal 6. The codebook size should be constrained for sub-slot based type 1 codebook. 
Proposal 7.  Similar as Rel-16 type 1 codebook, the union set of row indexed of TDRAs are used to determine the PDSCH occasions, including for DCI formats the UE is configured to monitor PDCCH and  reference of SLIV if it is configured. 

[26] R1-2009182	Discussion on HARQ-ACK feedback enhancements for Rel.17 URLLC	NTT DOCOMO, INC.

Proposal 1:
· Support one of the following solutions to avoid SPS HARQ-ACK dropping for TDD due to PUCCH resource collision with at least one DL or flexible symbol
· Opt.1: Deferring HARQ-ACK until the first available valid PUCCH resource
· Opt.2: gNB dynamic indication of a transmission opportunity for the postponed HARQ-ACK to UE
· Opt.3: Support one-shot HARQ-ACK request (i.e. Type 3 CB) for group of SPS HARQ processes
Proposal 2:
· Support SPS HARQ skipping for ‘skipped’ SPS PDSCH in conjunction with SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· dynamic signalling is used for the identification of skipped SPS PDSCH
Proposal 3:
· Support repetition of short PUCCH formats and sub-slot based PUCCH repetition
Proposal 4:
· Support one-shot HARQ CB for the retransmission of cancelled HARQ
Proposal 5:
· Support type 1 HARQ codebook based on sub-slot PUCCH config if not supported in Rel.16 URLLC
Proposal 6:
· Further study PUCCH carrier switching for HARQ feedback based on the outcome of the processing order of intra-UE UL multiplexing/prioritization and UL cancellation due to TDD configuration in Rel.16 URLLC

Table 2.  Comparison of the FFS solutions for HARQ-ACK feedback enhancements
	Candidate#
	Pros
	Cons

	SPS HARQ skipping for ‘skipped’ SPS PDSCH
	UCI payload reduction for SPS with short periodicity  Higher reliability
	Accurate identification of skipped SPS is necessary

	PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
	Improved latency & reliability performance
	May be overlapped with CE SI / feMIMO 

	Retransmission of cancelled HARQ
	Improved eMBB/URLLC performance
Can reuse one-shot HARQ feedback
	Complicated operation with different priorities

	SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
	Higher reliability or lower UL interference especially with solution#1
	System performance improvement is unclear (dependent on the detailed solution, e.g, all SPSs corresponding to bundled NACK have to be retransmitted)

	Type 1 HARQ codebook based on sub-slot PUCCH config 
	Robust HARQ-ACK feedback
	Need discussion regarding the relation between PDSCH TDRA and sub-slot

	PUCCH carrier switching for HARQ feedback
	Improved latency performance
	May have different understanding in current specification among companies




[27] R1-2009246	Discussion on HARQ-ACK enhancement for URLLC/IIoT	WILUS Inc.

Proposal 1: The DL and flexible symbols configured by semi-static DL/UL configuration are considered to determine SPS PUCCH collision. 
Proposal 2: RAN1 strive to support deferring HARQ-ACK of SPS PDSCH receptions until the first available valid PUCCH resource.
FFS: details on the first available valid PUCCH resource
Proposal 3: The PUCCH resources for HARQ-ACK information of SPS configuration(s) are considered as the available valid PUCCH resource. 
FFS: if multiple SPS PDSCHs are configured 
FFS: when SPS release DCI is received
Observation 1: Considering performance and complexity of the DM-RS based detection, it is not desirable for the UE to determine whether the SPS PDSCH is “skipped” or “non-skipped”.
Proposal 4: If SPS HARQ-ACK skipping is supported in Rel-17 URLLC/IIoT WI, one of ACK skipping or NACK skipping can be configurable to a UE.
Observation 2: ACK skipping or NACK skipping can be applied to the case where one PUCCH contains SPS HARQ-ACK only, and all of the SPS HARQ-ACKs are ACK or NACK.
Proposal 5: One-shot HARQ-ACK codebook is used for re-sending of cancelled HARQ-ACK information and size reduction of the one-shot HARQ-ACK codebook is further required. 

[28] R1-2009257	HARQ-ACK enhancement for IOT and URLLC	Qualcomm Incorporated

Proposal 1: gNB explicitly requests via DCI for a UE to transmit modified HARQ-ACK codebook Type 3, in which the UE reports HARQ-ACK feedback for all SPS HARQ-IDs in a given time window.


   Fig 1: Example illustrating the use of a “special” (modified) HARQ Codebook Type 3 message for all HARQ Processes of all SPS occurrences within a given time window T. 

Proposal 2: Study the following two options for empty SPS indication.
· Option 1: Explicit DCI indicating a single or multiple empty (‘skipped’) SPS PDSCH occasion.
· Option 2: send a special DMRS sequence on nominal DMRS OFDM symbols in a SPS occasion to indicate the SPS occasion is empty. 



Option 1: Example illustrating the use of the special DCI indicating multiple empty (‘skipped’) SPS occurrences.
[image: ]
Option 2: Empty SPS indication via a special DMRS sequence

Proposal 3: Support dynamic bundling/compression of UCI.
[image: ]
Fig 6: PUCCH repetition with dynamic UCI bundling/compression

Proposal 4: Support modified HARQ-ACK codebook Type 3 for retransmission of cancelled HARQ-ACK.
Proposal 5: Support compress multiple messages in HARQ-ACK codebook with small probability into a single message, to reduce HARQ-ACK payload size. 
Proposal 6: Support NACK only HARQ-ACK feedback in which only NACK transmission takes place and ACK is skipped.
Proposal 7: Adopt a static rule to determine the carrier to transmit HARQ-ACK with PUCCH carrier switch.
Proposal 8: Use MAC-CE to switch between multiple sub-slot configurations for HARQ-ACK feedback. 
[image: ]
Fig 12: MAC-CE based sub-slot configuration switch
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