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Introduction
As per chairman’s guidance, the email discussion is planned according to the following schedule: 
[107-e-NR-R17-IIoT-URLLC-01] Email discussion on UE feedback enhancements for HARQ-ACK – Klaus (Nokia)
· 1st check point: November 15
· Final check point: November 19

This document is structured as follows: 
· Sections 2 to 6 include the topics to be specified or at least further studied based on previous agreements, including sub-sections for the related email discussion rounds
· Section 7 describes further suggested enhancements by different companies not directly related to the agreed study focus based on previous RAN1 agreements
· Section 8 summarizes some of the inputs on the related RRC parameter discussions
· There are two appendices, Appendix A containing the RAN1 agreements reached in AI 8.3.1 so far and Appendix B summarizing the companies’ proposals for easier referencing.  

SPS HARQ-ACK deferral for TDD
In this section, the proposed Rel-17 enhancements to prevent SPS HARQ-ACK deferral for TDD operation are summarized. The following related agreements from previous meetings are available on this topic: 
	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
Agreements:
· Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation


Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral

Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.

Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0)  
· FFS: if there is a limit on the maximum deferral 


Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.


Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.

Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.

Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition

Agreement
The SPS HARQ-ACK deferral is enabled per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations enabled for deferral is in principle subject to deferral

Agreement
Definition of when to defer from the initial slot: 
· Alt1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid

Agreement 
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.

Agreement
For SPS HARQ-ACK deferral, only SPS HARQ bits subject to deferral from HARQ-ACK codebook from an initial PUCCH slot are deferred to the target PUCCH slot

Agreement 
For SPS HARQ-ACK deferral, deferred SPS HARQ bits from more than one ‘initial PUCCH slot’ can be jointly deferred to a target PUCCH slot 

Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.

Agreement
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.

Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.

Agreement
For SPS HARQ-ACK deferral, confirm the RAN1#104b-e working assumption with the following updates in RED:
(working assumption) To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receives PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID 

Conclusion
For SPS HARQ-ACK deferral, only SPS HARQ-ACK bits subject to deferral from one or more initial slots which have not reached the maximum deferral value are jointly deferred to the next available PUCCH (other SPS HARQ-ACK is dropped). 


Agreement
For SPS HARQ-ACK deferral, the bit ordering of deferred SPS HARQ-ACK information from one or more initial slots in the target PUCCH slot is based on the Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 is applied, i.e., based on serving cell index, SPS configuration index, SPS PDSCH slot index. 

Conclusion
For SPS HARQ-ACK deferral, the operation in the ‘initial’ slot is further clarified as: 
· The UE performs first the (Rel-16) UCI multiplexing operation. If after the UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.

Agreement
The RAN1#106-e agreement on the target slot definition is updated as follows (in RED): 
	Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.  sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.




Conclusion
If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing



 
2.1 Summary of companies input in their contributions 

2.1.1 SPS HARQ-ACK deferral based on Rel-16 operation: 
Rules for initial slot and target slot with Rel-16 PHY prioritization: 
· Samsung [16]: If a UE is not configured with Rel-17 intra-UE multiplexing, the UE first performs Rel-16 prioritization and, if a LP SPS HARQ-ACK PUCCH is deprioritized, down-select from the following two options:
· Option 1: The LP SPS HARQ-ACK is dropped.
· Option 2: UE determines whether the LP SPS HARQ-ACK PUCCH can be deferred

Definition of next available PUCCH for inter-slot/sub-slot deferral (i.e., target slot): 
· the UE should first determine a SPS PUCCH for the deferred SPS HARQ-ACK in the slot before performing the (Rel-16) UCI multiplexing operation: ZTE [2]
· The SPS PUCCH has the same symbols (start symbol and number of symbols) and PUCCH format as the original SPS PUCCH if there is no initial SPS HARQ-ACK in target slot: ZTE [2]
· Moderator: this seems to be against the RAN1#106bis-e meeting clarification / agreement 
· Support multiplexing of deferred SPS HARQ with a known/existing DG PUCCH or PUSCH at a slot, located up to 2 slots later than the target slot (slot of first available PUCCH resource): Qualcomm [26]

SPS deferral & BWP switching: 
· The deferred SPS HARQ would be dropped if BWP switching is triggered: ETRI [20]


Maximum value of k1 + k1_def (RRC impact): 
· Alt. 1: {1…15}: 
· vivo [3], TCL [23]
· Alt. 2: {1…16} 
· Nokia/NSB [5], Ericsson [6], Panasonic [14], TCL [23], Qualcomm [26] (for slot based PUCCH)
· Alt. 3: {1…32}: 
· Nokia/NSB [5] , Ericsson [6], Intel [11] (FFS if >15 limited to sub-slot based PUCCH), 
· Alt. 4: {1…64}: 
· Qualcomm [26] (for sub-slot based PUCCH)
· Alt. 5: {X…15, m0, …mX-1}, with the description that mi (i=0,…,X) applies only for 2OS sub-slot length
· Huawei/HiSi [1]
· Alt. 6: PUCCH slot length dependent, e.g. {1..15/16} for slot, {2,4….30/32}for 7OS, {7,14,105/112} for 2OS
· Huawei/HiSi[1]
· Other: UE capability signaling on the maximum supported SPS deferral value: Qualcomm [26]


PUCCH repetition operation: 
· Alt. 1: Do not support joint configuration: ZTE [2], Intel [11], Samsung [16] (if max deferral value is to be considered), Lenovo/Motorola [19] (considering PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN), TCL [23], Qualcomm [26]
· Alt. 2: Support Mod Proposal 2.7.2 from RAN1#106bis-e (at least in principle): vivo [3], Spreadtrum [4], Nokia/NSB[5] (with slightly different wording to clarify ‘target’ slot), CATT [7], OPPO [8] (but dropping of repetitions with only ‘expired’ SPS HARQ), Panasonic [14], Samsung [16] (if max deferral value is not to be considered), LGE [21], DOCOMO [24] 
· Alt. 3: Perform first SPS deferral and then PUCCH repetition: Ericsson [6]
· In addition: 
· No multiplexing of DG HARQ-ACK PUCCH repetition and SPS HARQ-ACK deferral in case of partial overlap, SPS HARQ-ACK is further deferred: Ericsson [6]
· Multiplexing only in case of full overlap (of all repetitions). In case of partial overlap, the SPS HARQ-ACK is further deferred. 
· Maximum deferral is applicable to the first repetition: Lenovo/Motorola [19]
· the PUCCH is transmitted within the latest effective time window in the HARQ codebook if applicable: ETRI [20]
· increase max deferral by the repetition factor K: LGE [21] (Moderator comment: this would be the same, if not increased and we only consider the maximum deferral for the first PUCCH repetition!?)
· PUCCH resource with repetition is regarded as invalid for SPS HARQ-ACK deferral. When UE determines a target slot for deferred SPS HARQ-ACK, UE would choose different slot where the valid PUCCH is without repetition: LGE [21]
· If target slot and PUCCH resource are determined and the determined PUCCH resource is configured with repetitions, UE would drop the deferred SPS HARQ-ACK: LGE [21]


Further proposed restrictions: 
· UE cannot be configured with SPS HARQ-ACK deferral if configured to monitor for DCI format 2_0 (SFI): Qualcomm [26]

Other / misc.: 
· ZTE [2]: if a Type-1 codebook contains the PDSCH, NACK information is generated for the PDSCH in the initial HARQ bits in Type-1 codebook: 
· Qualcomm [26]: Upon joint configuration of any combination of “SPS HARQ deferral to 1st available PUCCH resource”, “PUCCH carrier switching”,  “Rel. 17 Type 3 CB HARQ”, “Triggered request for HARQ Retransmission”, execution of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” starts immediately after the SPS PUCCH HARQ deferral triggering and it stops:
· When appropriate PUCCH resource for the transmission of deferred HARQ is found (for SPS HARQ deferral to 1st available PUCCH resource), or
· When a “PUCCH-carrier switch command” is received in DCI (in case of more than 1 PUCCH CCs and if dynamic PUCCH-carrier switching is activated), or
· When a request for “Rel. 17 Type 3 HARQ CB” is received, or
· When a DCI for “1-shot HARQ retransmission” is received, or
· When DCI granting DG HARQ or DG PUSCH is received and the allocated uplink resources is sufficient for both the new uplink payload (data or UCI) and for deferred SPS HARQ bits, or
· When the maximum value of “k1_def” is reached.


2.1.2 Rel-17 intra-UE mux and SPS HARQ-ACK deferral (i.e. FFS from RAN1#106bis-e)

Support: ZTE [2], Spreadtrum [4], Nokia/NSB [5], Ericsson [6], Sony [9], Intel [11], Xiaomi [12], NEC [15], Lenovo/Motorola [19], LGE [21], Qualcomm [26]
Do not support: 

How to support: 
· Clarification on initial slot handling: Ericsson [6], Intel [11]
· After Rel-17 intra-UE mux: Ericsson [6], Intel [11] 
· If after the Rel-17 multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.
· No - LGE [21]:
· If a SPS HARQ-ACK in a slot meets the deferring condition before inter-priority multiplexing and the SPS HARQ-ACK cannot be transmitted after inter-priority multiplexing, the SPS HARQ-ACK can be deferred
· Clarification on target slot handling, after the Rel-17 intra-UE mux: Ericsson [6], LGE [21]
· SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately be determinated according to their respective PHY priorities: Spreadtrum [4] (due to potententially different PUCCH lengths), Ericsson [6] (apply Rel-17 mux then in the target slot), Samsung [16], Lenovo/Motorola [19]
· SPS HARQ for deferral of differently PHY priorities are jointly deferred (based on R17 intra-UE mux) with the target PUCCHs jointly determined: ZTE [2], Nokia/NSB [5] (FFS depending on LP HARQ partial / full dropping), Xiaomi [12], NEC [15] (total SPS HARQ payload size considered as high priority), 
· LP SPS HARQ considered as:
· High priority and total payload size considered: NEC [15], Qualcomm [26]
· HARQ-ACK priority is given by the corresponding SPS configuration: LGE [21]


2.1.3 PUCCH carrier switching and SPS HARQ-ACK deferral 

SPS deferral and PUCCH cell switching based on dynamic indication: 
· Support (5):  Huawei/HiSi [1], Ericsson [6], Xiaomi [12], NEC [15], Qualcomm [26]
· Do not support (6): Spreadtrum [4], Nokia/NSB [5], Intel [11] (for different PUCCH lengths), Samsung [16], ETRI [20] (at least for different numerology), DOCOMO [24]
· Details:
· First apply the PUCCH cell determination followed by the SPS deferral on the determined target PUCCH cell: Ericsson [6], CATT [7] (‘if supported’), Xiaomi [12] (‘PUCCH cell with high priority’), Panasonic [14], NEC [15] (PUCCH carrier switching has priority over SPS HARQ-ACK deferral), 
· Deferred SPS HARQ can be multiplexed on a dynamically indicated PUCCH cell other than PCell/PSCell/PUCCH-SCell: Huawei/HiSi [1]
· If PCell slot is larger than Scell slot, the first overlapped short slot on the SCell scheduled with PUCCH is used for multiplexing the deferred SPS HARQ-ACK: Huawei/HiSi[1]
· Stop the SPS deferral operation, if receiving a DCI indicating a PUCCH cell switch: Xiaomi [12], Qualcomm [26]


SPS deferral and PUCCH cell switching based on time domain pattern (i.e. semi-static): 
· Support (11): Huawei/HiSi[1], ZTE [2], vivo [3], Nokia/NSB [5], Ericsson [6], Xiaomi [12], Panasonic [14], Samsung [16], Interdigital [17], LGE [21], Qualcomm [26]
· Do not support (4): Spreadtrum [4], Intel [11] (for different PUCCH lengths), ETRI (at least for different numerology), DOCOMO [24]
· Details: 
· all the allowed PUCCH slots are determined by PUCCH carrier switching time domain pattern configuration: ZTE [2]
· [bookmark: _Hlk87206614]First apply the PUCCH cell determination followed by the SPS deferral on the determined target PUCCH cell: vivo [3], Nokia/NSB [5], Ericsson [6] (incl. PUCCH slot determination using the ‘slot_offset’), CATT [7] (‘if supported’), Xiaomi [12] (‘PUCCH cell with high priority’), Panasonic [14] (requires sps-PUCCH-AN-List-r16 or n1PUCCH-AN configured for each PUCCH cell), LGE [21] 


2.2 1st Round of email approvals
Clarification on dropping due to Rel-16 PHY prioritization
Samsung discussed that we may need some clarification what happens if LP SPS HARQ is not transmitted due to PHY prioritization (i.e., due to overlapping HP PUSCH / PUCCH). As the motivation for the SPS HARQ-ACK deferral has been due to TDD operation, the moderator brings Opt. 1 of the Samsung proposal forward here. 


Mod Proposal 2.2.1: For SPS HARQ-ACK deferral, if a UE is not configured with Rel-17 intra-UE multiplexing but configured with Rel-16 PHY prioritization, the UE first performs Rel-16 UCI multiplexing and PHY prioritization and if a LP SPS HARQ-ACK PUCCH is deprioritized, the LP SPS HARQ-ACK is droppednot deferred.

	 Supporting companies 
	Nokia/NSB, vivo, DOCOMO, Sony (with clarifications), Intel (support the update), Ericsson (OK, see comment), Lenovo/Motorola Mobility, Samsung, QC, Sharp,TCL, NEC, CATT, Spreadtrum, Huawei/Hisi, ZTE (need clairification on target slot if LP SPS HARQ-ACK PUCCH is deprioritized)， Xiaomi,OPPO

	Objecting companies
	Panasonic



	Company
	Comments 

	Sony
	The understand was SPS HARQ-ACK deferral is only applicable for PUCCH dropping due to semi-statically configured DL & Invalid symbols.  Dropping due to intra-UE prioritisation is considered dynamic and so the LP SPS HARQ-ACK is not deferred.
It will also be good to clarify that “LP SPS HARQ-ACK is dropped” means it is not deferred, that is:
If a UE is not configured with Rel-17 intra-UE multiplexing but configured with Rel-16 PHY prioritization, the UE first performs Rel-16 UCI multiplexing and PHY prioritization and if a LP SPS HARQ-ACK PUCCH is deprioritized, the LP SPS HARQ-ACK is dropped and not deferred.


	Moderator
	@Sony: Thanks for the good comment.  Actually better so say is ‘not deferred’ only (as we don’t really drop ‘HARQ’ – as also discussed in other parts, can still be triggered e.g. by Type 3 CB) 

	Panasonic
	Although the initial motivation for HARQ-ACK deferreal was to handle the collision in TDD, it can be applied to depriotized HARQ-ACK.

	Ericsson
	We understand the intetion. Considering the state of agreements by now, the following agreement is followed to construct the DL SPS deferral codebook in a PUCCH. Now, if that PUCCH would be subject to prirotization, it would be dropped following the existing procedures. 
Therefore, in our view, the above is more a clarification and can be captured as conclusion.
@Panasonic: Based on this, we disagree with Panasonic comment. We already have developed two mechanism for retransmission of dropped HARQ-ACK. We don’t need to further complicated DL SPS deferral. 
We are OK with agreement but we thought to share our view where we see a proposal is needed,

Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.  sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.

	Samsung
	We would like to clarify that the dropping operation apply to both intial slot and target slot.
For the target slot determination, if the SPS HARQ-ACK is deprioritized in any slot other than the initial slot, no further deferral.
We suggest the following update for clarification
If a UE is not configured with Rel-17 intra-UE multiplexing but configured with Rel-16 PHY prioritization, the UE first performs Rel-16 UCI multiplexing and PHY prioritization in both intial slot and target slot and if a LP SPS HARQ-ACK PUCCH is deprioritized, the LP SPS HARQ-ACK is dropped.
Note: If the SPS HARQ-ACK is deprioritized in any slot, no further deferral.


	QC
	A further clarification would be “is not deferred, following the agreement that deferral is triggered only upon SPS HARQ collision with semi-static DL symbols or SSB”. Is this a proposal or a conclusion? It seems that the “proposal” brought forward is an interpretation of existing agreement.

	ZTE
	It seems the update is only for initial slot. For target slot, if the LP SPS HARQ-ACK PUCCH is deprioritized, can this target slot is regarded as invalid, or consider it is cancelled by HP channel, then would be retransmitted by other mechanism, such as Type-3 retransmission. My understanding is the latter.

	LG
	We think it is clarified that whether LP SPS HARQ-ACK PUCCH overlaps with semi-static DL symbol before considering intra-UE prioritization. If we want to make SPS HARQ-ACK deferral independent from priority handling, it should work as if there is no different priority. Current proposal is saying that HP UL channel can cancel SPS HARQ-ACK deferral, we think it is not the intention of the proposal. 



Maximum deferral value (RRC impact)
Also in this meeting, the input on the maximum deferral value has been diverse – with some companies thinking the maximum deferral should be sub-slot length dependent (with values >>15 to be supported for e.g. 2OS subslot PUCCH) – whereas other companies think that is not needed (as also for dynamic PDSCH scheduling no larger values are supported). Looking at the input given, maybe there could be the compromise to support values {1…32}, which seems to be at least including all the proposal by companies for slot-based and 7OS sub-slot based PUCCH configuration. Only two companies propose to have larger values (up to 64 by QC, up to 112 by HW/HiSi). Maybe this could be a compromise on both sides that could be worth checking. 
Compromise Proposal 2.2.2: The maximum maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration is RRC configured from a value range of {1…32}. 
	Supporting companies 
	Nokia/NSB, vivo, DOCOMO, Sony, Intel , Panasonic, Ericsson, Samsung, QC, Sharp, CATT, Spreadtrum, Huawei/Hisi, ZTE, LG, Xiaomi,OPPO

	Companies not supporting
	



Please provide your comments in below table : 
	Company
	Comments 

	vivo
	In Rel-16 URLLC, the K1 range is not different between slot and subslot; for sub-slot, K1 range is neither increased. We would be fine with the proposal. 

	Sony
	Although we think 2 OS sub-slot should have a larger range, we are fine with the proposed compromise.

	Samsung
	One typo should be fixed. “maximum maximum”

	QC
	This is fine. However, as mentioned in the contribution, since the feature of SPS HARQ deferral was promoted without any clear vision on targeted scenarios, it is necessary to agree on joint configuration of SPS HARQ with Type 3 HARQ CB or PUCCH carrier switching.

	CATT
	Although our preference is {1…15}, we can accept the proposal for the sake of progress.

	Huawei/Hisi
	We can accept as a compromise

	LG
	Though we think it would be good to give larger value range to the sub-slot configuration, we can live with this proposal. 




SPS deferral & BWP switching: 
ETRI [20] pointed out, that after a BWP change the SPS is re-initialized and therefore, pending SPS HARQ information may not be that useful (and the deferral should be stopped). 
Let’s see if this could be agreeable by companies: 
Proposed Conclusion 2.2.3: The deferred SPS HARQ would be dropped if BWP switching is triggered.


	 Supporting companies 
	ETRI, vivo (with comments), DOCOMO, Intel, QC, Sharp, CATT, Spreadtrum, Huawei/Hisi, ZTE, Xiaomi,OPPO

	Objecting companies
	Ericsson (see comment), Samsung



	Company
	Comments 

	vivo
	We support this proposal, but wondered whether we need to clarify or futher confirm it, since this is natraul consequence for the case when the BWP switching happens. 
If there is no spec impact, maybe we above proposal can be made as a conclusion.  

	DOCOMO
	We have similar view as vivo that it seems natural that HARQ-ACK before BWP switching will not be reported on PUCCH after BWP switching.

	Moderator
	Changed to conclusion – based on vivo & DCM comment. 

	Ericsson
	Similar to comment for 2.2.1, we don’t think why this is needed. In fact, this changes behaviour, so it would be a potential agreement 😊
The reason is that how PUCCH is taken care of while BWP switching is already specified (nothing is done during the switch). So, why it is different here?
The conclusion would be to resume DL SPS deferral after BWP switching.
Proposed Conclusion 2.2.3: The deferred SPS HARQ would be resumed after BWP switching if it is triggered.


	Lenovo/Motorola Mobility
	In Rel-16, it is our understanding that non-deferred SPS HARQ-ACK would also be dropped if BWP switching is triggered. Thus, the proposal as a conclusion without any spec impact is fine with us. 

	Samsung
	After BWP switching, the HARQ-ACK before BWP swiching is not transmitted, we only need to follow Rel-15 rules and the proposal is not needed. 

	QC
	Similar comments to vivo and NTT DoCoMo.

	CATT
	We share the views from vivo and DOCOMO.

	LG
	We also see there is no specification impact. 





PUCCH repetition and SPS HARQ deferral: 
We had been last meeting close to define the behaviour for the repetition, but it had been slightly unclear what the target slot behavior really is (as based on comments by some companies). Also in this meeting, there seemed to be a strong majority of companies thinking we could support the combination with some restrictions on the operation (in terms of maximum deferral value limitation).  
The moderator tried by having longer description, with separating the target slot description and being more precise on the target slot determination & PUCCH repetition starting from the target slot:
· If having no repetition for the initial slot, SPS deferral evaluation and the target slot determination itself still uses the full SPS HARQ deferral procedure (incl. the maximum deferral value for the target slot)
· If the PUCCH in the target slot has a repetition factor associated, the Rel-16 PUCCH repetition procedure applies without considering the maximum deferral value any further. This means, that the condition of the maximum deferral value only needs to be valid for the first repetition of the repetition bundle. 
Let’s see if this more detailed formulation could be agreeable by companies: 

Mod Proposal 2.2.4: For interaction of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules of SPS HARQ deferral.
· In case the PUCCH indicated in the initial slot does not have a repetition factor larger than 1, the SPS HARQ-ACK deferral rules for the initial slot apply. If the SPS HARQ from the initial PUCCH slot is subject deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further after the first PUCCH repetition.


	 Supporting companies 
	Nokia/NSB, vivo, DOCOMO, Sony (with clarifications), Intel, Panasonic, Samsung, Sharp, NEC, CATT (with clarification question below) , Spreadtrum, Huawei/Hisi, ZTE (with comment), LG, Xiaomi,OPPO

	Objecting companies
	Ericsson (see comment)



	Company
	Comments 

	Sony
	I think the max deferral period still applies to the first target PUCCH repetition.  Suggested clarification:
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any furtherafter the first PUCCH repetition.


	Moderator
	@Sony – thanks. This seems clearer, adopted. 

	Ericsson
	We think there is no need to mix DL SPS deferral and PUCCH repetition.
PUCCH repetition is for coverage enhancements, hence it is intended for the PUCCH that is going to be “transmissted”. Therefore,is DL SPS is subject to deferral , is it not ready yet to be transmitted. First, we have to do the deferral and when we determined target slot, we perform repetition if applicable:
Mod Proposal 2.2.4: For interaction of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules of SPS HARQ deferral.
· In case the PUCCH indicated in the initial slot does not have a repetition factor larger than 1, the SPS HARQ-ACK deferral rules for the initial slot apply. If the SPS HARQ from the initial PUCCH slot is subject deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further after the first PUCCH repetition.


	Lenovo/Motorola Mobility
	As the moderator acknowledged during the RAN106bis-e meeting email discussions, SPS HARQ deferral decision is made based on the PUCCH format or PUCCH resource provided by PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN in the initial slot. According to the first bullet of the proposal, if the the PUCCH format or PUCCH resource provided by PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is configured with a repetition factor larger than 1, SPS HARQ deferral never occurs. Thus, we suggest the agreement with more direct/clear description such as   
· UE does not expect that a SPS configuration is configured with SPS HARQ deferral, when a PUCCH resource provided by PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for SPS HARQ-ACK of the SPS configuration is configured with repetition (i.e. repetition factor >1).
· In case the PUCCH provided by PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN indicated in the initial slot does not have a repetition factor larger than 1, the SPS HARQ-ACK deferral rules for the initial slot apply. If the SPS HARQ from the initial PUCCH slot is subject deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation after the first PUCCH repetition.

	Samsung
	We would like to suggest the following by revising second bullet for clarification. 

· In case the PUCCH indicated in the initial slot does not have a PUCCH repetition factor larger than 1, the SPS HARQ-ACK deferral rules for the initial slot apply. If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further.


	CATT
	We would like to clarify whether PUCCH repetition is taken into account to determine a target PUCCH slot. To be more specific, if after multiplexing the UE would be transmitting SPS HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is invalid and configured with repetition, should UE stop deferring and apply PUCCH repetition or should UE further defer the SPS HARQ-ACK if time allows?

	ZTE
	I am fine with the principle of the proposal, but the second sub-bullet seems self-contradiction. The first sentence of this sub-bullet said in the initial slot does not have a PUCCH repetition factor larger than 1, it is natural that in the target slot, the semi-static PUCCH for SPS HARQ-ACK also does not support repetition factor larger than 1, so if the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the PUCCH is for DG but not for SPS HARQ-ACK. And it conflicts with the current specification:
	A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 


The two PUCCHs are not allowed in the same slot if 
So I suggest split the first sentence of the second sub-bullet with other parts as this: The sentence is not necessary for the target slot determination.
· In case the PUCCH indicated in the initial slot does not have a repetition factor larger than 1, the SPS HARQ-ACK deferral rules for the initial slot apply. 
· If the SPS HARQ from the initial PUCCH slot is subject deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further after the first PUCCH repetition.





SPS deferral and PUCCH cell switching based on time domain pattern (i.e. semi-static): 
Looking at the input given on the joint operation of PUCCH cell switching and SPS deferral, it seems there is much stronger interest to support semi-static PUCCH cell switching combined with SPS HARQ-ACK deferral (11 pro / 4 cons) compared to the joint operation of dynamic PUCCH cells switching & SPS HARQ-ACK deferral (6 pro / 6 cons).
One would say, that also the motivation for operation for semi-static PUCCH cell swiching is clearer, as for the dynamic cell switching based on the RAN1#106bis-e conclusion, the UE does not expect or would drop (TBD) SPS HARQ on the PCell when receiving a dynamic indication for transmission on the PUCCH sSCell. But at the same time, the deferred SPS HARQ-ACK would then be multiplexed on the dynamically indicated PUCCH SCell – which would be somehow against the idea of not multiplexing HARQ information without associated DCI. 
Therefore, let’s see if we are able to agree on the support and the operation of the combination of semi-static PUCCH cell switching and SPS HARQ-ACK deferral, and we can still check later on in the meeting (if this is agreeable) if we could or would also add the support for the dynamic PUCCH cell switching. 
Proposal 2.2.5: Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern: 
· For the target slot determination of SPS HARQ-ACK deferral, 
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not. 

	 Supporting companies 
	Nokia/NSB, vivo, Sony, Panasonic, Ericsson, Samsung,TCL, NEC, CATT, Huawei/Hisi, ZTE(need clairfication), LG, Xiaomi,OPPO

	Objecting companies
	DOCOMO



	Company
	Comments 

	DOCOMO
	We don’t support the proposal. 
Firstly, we think “SPS HARQ-ACK deferring” and “PUCCH cell switching” are two solutions with different targets for same use case, i.e. TDD collision. PUCCH cell switching targets to reduce latency and SPS HARQ-ACK deferring targets to alleviate SPS HARQ-ACK dropping issue. Considering specification efforts, we don’t think joint operation is necessary.
Secondly, even if joint operation is supported, we donn’t support the proposed steps since it’s not clear for us how deferring is applied and when the SPS HARQ-ACK deferring is ended. For example, which is the intention of the proposal?
Option 1: Increase K1 on Pell, then determine the PUCCH cell for the increased K1 based on the configured PUCCH cell pattern. Then determine whether the slot is target slot, if not, further increase K1 until target slot is found. 
Option 2: Determine the PUCCH cell for the indicated K1. The increase K1 only on the deermined PUCCH cell. It means that the target slot is only possible to be on the PUCCH cell determined in step 1.
[image: ]
In our understanding, the determined target PUCCH slot may be inconsistent with the PUCCH cell pattern. Therefore, we think option 1 is more reasonable. However, it will cause many further issues, e.g. mixed numerology case, different sub-slot configuration case, etc.
Therefore, we don’t support joint operation of the two features.

	Intel
	Before agreeing to this, we would like to clarify which set of k1 values and which numerology is going to be used for SPS HARQ-ACK deferral when the cell is switching from slot to slot? To us, the case of different numerologies becomes quite complicated for the joint operation.

	Ericsson
	We fail to understand the concern by DCM. Our nderstadng is that DL SPS deferral procedures remain as it is, but in search for target slot, follows the pattern/indication of PUCCh carrier switching. Countung the steps (K1) would be based on PUCCH carrier switching.

	Samsung
	We think that only having main sentence seems enough since we know how semi-static PUCCH switching works. Even without any new agreement, the specifications can support the proposal based on existing agreements.

	QC
	It will be useful to be able to jointly configure SPS HARQ Deferral and PUCCH carrier swiching in order to avoid collision with DL via PUCCH carrier switching, whenever, possible. The features do not have contradictory targets, once collision with DL symbols occurs, both SPS HARQ deferral and PUCCH carrier switching have the same target: find as early as possible an uplink resource for PUCCH transmission. The extra specification effort is indeed a concern.

	DOCOMO2
	Thanks for Ericsson’s comment. Actually our concern is the required workload to support joint operation. As commented above, we think it needs to be clarified first whether K1 increment is on PCell or on the PUCCH cell indicated by the PUCCH cell pattern. Not sure all companies have same understanding on this point.
For option 1, K1 is increased on PCell, and the PUCCH cell pattern is applied for every increased effective K1. 
[image: ]
For option 2, PUCCH cell pattern is applied only once in the initial slot, and K1 is increased only on the indicated PUCCH cell.
[image: ]
In our view, option 1 is more reasonable. However, we think it requires much further discussion especially for mixed numerology case or different slot/sub-slot configuration case, e.g. one PCell maps to multiple slots on Scell, will UE check PUCCH resource on each slot overlapping with the PCell slot, or only on the first/certain slot of the multiple overlapping slots? 
If joint operation is very simple to specify, we are also fine to support it. But it seems not the case in our understanding. We still prefer to first concentrate on more essential issues at this stage. 

	Huawei/Hisi
	To DCM: Supporting joint operation of SPS deferral with semi-static cell pattern does not increase the spec effort; on the contray, the spec will be simpler compared with the case where the joint operation is not supported. As already agreed, the UE would perform the Rel-16 UCI multiplexing operation for SPS HARQ-ACK prior to determining the target slot. Then, consider a case where SR/CSI would be transmitted on the target SCell UL slot, while SPS HARQ-ACK defers to a PCell DL slot which overlaps with the target SCell UL slot; if the SPS HARQ-ACK is not allowed to be multiplexed with the SR/CSI on the SCell and keeps deferring on the PCell, it is inconsistent with the agreement, and a separate deferring behaviour need to be specified for the cell switching case. For the UE behaviour under joint operation, as there is only one available cell configured as UL at a time unit, the UE will naturally perform the SPS deferral procedure on that available cell.
To Intel: As agreed for semi-static pattern, the time pattern and the reference cell for k1 set is based on PCell. In addition, it is straightforward that the deferral will be performed slot by slot on the target Cell, so it is not clear how it is complicated.

	ZTE
	For the example in figure, does the next PUCCH slot can be the slot 1 or slot 2 in Scell?
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	DOCOMO3
	To Huawei:
Could you please further clarify the following paragraph in your comment? 
“Then, consider a case where SR/CSI would be transmitted on the target SCell UL slot, while SPS HARQ-ACK defers to a PCell DL slot which overlaps with the target SCell UL slot; if the SPS HARQ-ACK is not allowed to be multiplexed with the SR/CSI on the SCell and keeps deferring on the PCell, it is inconsistent with the agreement, and a separate deferring behaviour need to be specified for the cell switching case.” 
In my understanding, what you describe is the drawback of joint operation. If there is no joint operation (i.e. only SPS HARQ-ACK deferral configured without PUCCH cell switching, or only PUCCH cell switching without SPS HARQ-ACK deferral enabled), why would the case “SPS HARQ-ACK defers to a PCell DL slot which overlaps with the target SCell UL slot” occur? Isn’t it a case for joint operation? We have same concern on “separate deferring behaviour need to be specified for the cell switching case”, which we think whould belong to joint operation case. For UE behavior without joint operation, it is obviously clear that there is only SPS HARQ-ACK deferral or PUCCH cell switching. UE follows what we specifies for Rel-17 SPS HARQ-ACK deferring feature, or Rel-17 PUCCH cell switching feature.




2.3 1st Round of email discussions
[bookmark: _Hlk87016710]Clarification on ‘CORESET#0’ for initial slot handling and target slot determination
We agree the following on the ‘invalid’ symbols for initial slot and target slot containing the condition on ‘CORESET#0’:
	Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.



As the 38.213 editor noted the following when writing the 38.213 specifications:
	The agreement also mentions CORESET#0 but the location/symbols of a CORESET in a slot is not defined – it needs to be linked to search space set(s). Clarification is needed for search space set(s) linked to CORESET#0 (e.g. Type0-PDCCH CSS set, …).   



So clearly we would need to be more precise here. 
Proposed Conclusion 2.3.1: It is further clarified, that for the ‘invalid’ or ‘no symbols for UL transmission’ definition for SPS HARQ-ACK deferral in the initial and target slot/sub, “CORESET#0” is to be regarded as including the following search space sets:
1. Type0-PDCCH CSS set(s) 
2. Type0A-PDCCH CSS set(s)
3. Type1-PDCCH CSS set(s)
4. Type2-PDCCH CSS set(s)
5. Type3-PDCCH CSS set(s)
	1. Type-0 CSS
	Support
	Vivo, Intel, Panasonic, Lenovo/Motorola Mobility, QC, Samsung, NEC, Spreadtrum, ZTE, DOCOMO, Nokia/NSB, Xiaomi, LG,OPPO, Nokia/NSB

	
	Not support
	

	2. Type-0A CSS
	Support
	QC

	
	Not support
	

	3. Type-1 CSS
	Support
	

	
	Not support
	

	4. Type-2 CSS
	Support
	QC

	
	Not support
	

	5. Type-3 CSS
	Support
	

	
	Not support
	



	Company
	Comments 

	vivo
	[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338][bookmark: _Toc36645568][bookmark: _Toc45810613][bookmark: _Toc83310198]Following is specified in TS 38.214, Clause 6.1.2.1	Resource allocation in time domain
“For operation in unpaired spectrum, symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set are considered as invalid symbol(s) for PUSCH repetition Type B transmission.”
Therefore, we suggest aligning the same descrption for invalid symbols for SPS HARQ deferral like following (take initial slot as example, same applied for the target slot): 
For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is regarded as ‘invalid’ or ‘no symbols for UL transmission’.


	Intel
	Type-0 CSS. Note, we’ve tried to propose this clarification earlier in R1-2103027.

	QC
	Type 0, 0A, 2 CSS are the most difficult to move/reschedule.

	Samsung
	We understand that the agreement precludes invalid symbol such as PUSCH repetition type B. Since PUSCH repetition type B is only considering Type-0 CSS (as following text in TS38.214), it is preferable to consider Type-0 CSS in this case. Consideration of CORESET#0 is already an overoptimization and there is no need for further restrictions beyond Type-0 CSS.
“For operation in unpaired spectrum, symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set are considered as invalid symbol(s) for PUSCH repetition Type B transmission”

	CATT
	We share the same view as vivo.

	LG
	Type-0 CSS. We think the previous agreement comes from slot format handling and type-B repetition discussion. In TS 38.213, it specifies Type-0 CSS shouldn’t be uplink. 

For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd- UL-DL-ConfigurationDedicated.



Rel-17 intra-UE multiplexing and SPS deferral 
There had been good input on the joint operation, so there seems to be strong interest to support this. Clearly, the Rel-17 intra-UE multiplexing operation should be used instead in the initial and the target slot (as commented by several companies). Moreover, on the joint versus separate target slot determination, it seems that it may not be that clear what ‘joint’ would actually mean here as we have agreed separate coding for HP and LP HARQ-ACK and therefore, clearly this should not be changing as we defined separate maximum coderates for HP & LP HARQ-ACK and are still discussing potential (partial) LP HARQ-ACK dropping (as well as dynamic indication of multiplexing of LP HARQ on a HP PUCCH / PUSCH). 
Let’s see if the following could be agreeable by companies:
Proposal 2.3.2: Support simultaneous configuration of Rel-17 intra-UE multiplexing of different priorities and SPS HARQ-ACK deferral
· If after the Rel-17 multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN, 
· which is not valid in the initial slot, the SPS HARQ-ACK configured for deferral is deferred; and
· which is valid in a next PUCCH slot, the next PUCCH slot is determined as target PUCCH slot. 
· For the target slot determination, LP SPS HARQ-ACK is considered as LP HARQ-ACK payload and HP SPS HARQ-ACK for deferral is treated as HP HARQ-ACK playload for the target slot determination using the Rel-17 intra-UE multiplexing framework. 

	Supporting companies
(at least in principle) 
	Panasonic, Lenovo/Motorola Mobility, Samsung (support the intention) , Spreadtrum Huawei/Hisi(see modifications), Xiaomi, LG

	Objecting companies
	



	Company
	Comments 

	vivo
	We prefer to postpone this proposal. 

	Sony
	It isn’t clear what the 2nd sub-bullet, of the 1st main bullet, as follows means? Can you please clarify why the special description about the next slot?
· which is valid in a next PUCCH slot, the next PUCCH slot is determined as target PUCCH slot. 
On the 2nd sub-bullet, we agreed that LP HARQ-ACK and HP HARQ-ACK are separately encoded, why here it is encoded as if it is HP HARQ-ACK?

	Moderator
	@Sony: The second bullet is trying to clarify the target slot determination. I look at at potential target slot, and there after the R17 mux the PUCCH is ‘valid’ it is the target slot

	QC
	Unjustified proposal considering that other more important topics are not yet treated. 

	Sharp
	We also prefer to postpone the proposal.

	Samsung
	We suggest to separate discuss the initial slot and target slot. “which is valid in a next PUCCH slot, the next PUCCH slot is determined as target PUCCH slot. ” might be misleading, it seems only PUCCH is considered here, PUSCH in the target slot should also be considered.

For initial slot, we suggest the following update
Support simultaneous configuration of Rel-17 intra-UE multiplexing of different priorities and SPS HARQ-ACK deferral
· If after the Rel-17 multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN of any priority, 
· which is not valid in the initial slot, the SPS HARQ-ACK configured for deferral is deferred; and

For the target slot, we sugget the following update based on the agreement from last meeting

For SPS HARQ-ACK deferral of a given priority, the target PUCCH slot is defined as the next PUCCH slot of the priority, where after performing the (Rel-17) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  multiplexing HARQ-ACK in a deprioritied PUCCH/PUSCH, or (iii) transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN of any priority being regarded as valid. 


	TCL
	We prefer to postpone the proposal.

	CATT
	It is not clear wheter a single target slot or separate target slots are determined for HP and LP SPS HARQ-ACKs.

	Huawei/Hisi
	In our understanding, if the multiplexed HP&LP PUCCH is not valid, then the HP HARQ-ACK and LP HARQ-ACK are separately deferred to their separate slot/subslot (note the deferring time unit for HP and LP may be different). The second sub-bullet is not fully clear to address this sense, so we make some modifications as below. Hope that would be the common sense.

Proposal 2.3.2: Support simultaneous configuration of Rel-17 intra-UE multiplexing of different priorities and SPS HARQ-ACK deferral
· If after the Rel-17 multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK of both priorities using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN, 
· which is not valid in the initial slot, the SPS HARQ-ACK configured for deferral is separately deferred for different priorities to separate slot/subslot; and
· which is valid in a next PUCCH slot, the next PUCCH slot is determined as target PUCCH slot. 
· For the target slot determination, LP SPS HARQ-ACK is considered as LP HARQ-ACK payload and HP SPS HARQ-ACK for deferral is treated as HP HARQ-ACK playload for the target slot determination using the Rel-17 intra-UE multiplexing framework. 


	ZTE
	Fine to support simultaneous configuration of Rel-17 intra-UE multiplexing of different priorities and SPS HARQ-ACK deferral. The details can be discussed later.

	DOCOMO
	We propose to posepone the discussion.

	Sony
	There are scenarios to be considered:
Scenario 1: Initial PUCCH for LP SPS HARQ-ACK and Initial PUCCH for HP SPS HARQ-ACK are different and they independently find different target PUCCH 
Scenario 2: Initial PUCCH for LP SPS HARQ-ACK and Initial PUCCH for HP SPS HARQ-ACK are different and they find a single target PUCCH 
Scenario 3: Initial PUCCH for LP SPS HARQ-ACK and Initial PUCCH for HP SPS HARQ-ACK are the same and they independently find different target PUCCH 
Scenario 4: Initial PUCCH for LP SPS HARQ-ACK and Initial PUCCH for HP SPS HARQ-ACK are the same and they find a single target PUCCH 
 
I think we concluded Scenario 1 is used when Rel-17 Intra-UE Mux is Disabled.
However, Scenario 2, 3 and 4 would need to be considered if Intra-UE Mux is Enabled.





Retransmission of cancelled HARQ 
In this section, the proposed Rel-17 enhancements on retransmission of cancelled HARQ are summarized. The following related agreements from previous meetings are available on this topic: 
Generic agreements
	Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities




Enh. Type 3 CB related agreements:
RAN1#106-e (Aug. 2021)
	
Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …). 

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB in Rel-17. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB.
· The A/N of HARQ processes is mapped to the Rel-16 Type 3 HARQ-ACK CB irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured in Rel-17 with Rel-16 Type 3 HARQ-ACK CB and PHY prioritization. 

Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 

Agreement 
Support Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size triggering using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The triggering support for DCI format 1_2 is independently (from triggering using DCI format 1_1) RRC configured to the UE. 

Agreement 
Support Rel-16 Type 3 HARQ-ACK CB triggering using DCI format 1_2 in Rel-17 for a UE supporting DCI format 1_2. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured with DCI format 1_2 triggering of the Rel-16 Type 3 HARQ-ACK CB. 

Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 

Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types




RAN1#106bis-e (Oct. 2021)
	Conclusion
No additional enhanced Type 3 CB ‘types’ (such as activated CCs, of specific SPS configurations, etc.) in terms of RRC configuration are supported. 

Agreement
For one enhanced Type 3 HARQ-ACK CB, the same CBG and NDI configuration applies to both PHY priorities following the RAN1#106-e agreement. 

Agreement
The same set of enhanced Type 3 CBs (incl. CBG and NDI configuration) is applied for triggering using DCI format 1_1 and 1_2. 

Agreement
Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH. 

Agreement
The CBG and NDI usage can be independently configured for different enhanced Type 3 HARQ-ACK CBs.

Agreement
The maximum number of simultaneously configurable enhanced Type 3 CB is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.





One-shot triggering of HARQ-ACK re-transmission 
RAN1#106-e (Aug. 2021)
	Agreement 
A single DCI triggering the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 

Agreement 
The Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB is done through an explicit triggering indication in the DCI through a DCI field. 

Agreement 
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 

Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot



RAN1#106bis-e (Oct. 2021)
	Agreement
Support triggering of one-shot HARQ re-transmission on PUCCH using DCI format 1_2. 

Agreement
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset


Agreement
For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
· in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.








3.1 Summary of companies input in their contributions 

(Enh.) Type 3 CB and one-shot triggering simultaneously configured: 
· Yes: Huawei/HiSi [1], Nokia/NSB [5], Ericsson [6], Sony [9], LGE [21], DOCOMO [24]
· No: vivo [3], CATT[7], OPPO [8], Intel [11] (not optimized / discussed), Interdigital [17], Qualcomm [26]

Alt. 1: Unified triggering for enh. Type 3 CB and one-shot triggering: 1-bit triggering field in combination some bit fields to differentiate enh. Type 3 CB triggering and ‘one-shot HARQ re-transmission’: Huawei / HiSi[1], Nokia/NSB [5], LGE [21]Reuse the legacy ‘one-shot HARQ-ACK request’ field: Huawei / HiSi[1], Nokia/NSB [5]
· Use one bit in a field of some unused DCI field to differentiate Type 3 & one-shot, and the same unused field to indicate Type 3 CB selection or slot offset for one-shot re-tx: Huawei/HiSi [1] (differentiator bit e.g. the NDI field), Nokia/NSB [5] 
· If PDSCH is scheduled, e.g. legacy Type 3 CB could be triggered: LGE [21]
· It is not expected that (enhanced) type 3 HARQ-ACK CB is scheduled to be transmitted in the same PUCCH slot as the one-shot triggered new retransmission PUCCH: DoCoMo [24]
Alt. 2: separate triggering fields: Ericsson [6]
	Alt. 3: Dynamic switching condition: Sony [9]
· If NHARQ ≤ THARQ, the UE uses 1-shot ReTx CB
· If NHARQ > THARQ, the UE uses e-Type 3 CB


Enhanced Type 3 CB: 
PHY priority related clarification of enh. Type 3 CB restriction (change earlier agreement in red): OPPO [8]
	Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB with the same priority index as the enhanced Type3 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 




Rel-17 enhanced Type 3 HARQ-ACK codebook of smaller size triggering details: 
· 1bit triggering (as agreed) if more than one CB is configured:
· Alt. 1 (4): The DCI should not be used to schedule PDSCH, and some unused fields can be re-interpreted to indicate the specific enh. Type 3 CB: Huawei/HiSi (MCS field) [1], vivo [3] (use the same field order from SCell dormancy), CATT [7], DOCOMO [24]
· Alt. 2 (6): If PDSCH is scheduled, only one (defined) Type 3 CB can be triggered. Otherwise (i.e., if PDSCH is not scheduled), some unused DCI field is used to indicate the Type 3 CB: Spreadtrum [4], Nokia/NSB [5] (MCS field), Sony [9] , Intel [11] (MCS field), Panasonic [14], Interdigitial [17],  
· Details on which (defined) CB:
· First enhanced Type 3 CB from the list: Spreadtrum [4], Nokia/NSB [5], Intel [11], Panasonic [14]
· RRC configured: Sony [9], 
· Rel-16 Type 3 CB: Panasonic [14]
· Alt. 3 (5): include an N-bit bitfield (PDSCH can always be scheduled): Spreadtrum [4], Ericssson [6], OPPO [8], Samsung [16], Qualcomm [26]
· Qualcomm [26] proposing a change of current agreement(s): legacy field not used / not present in the DCI, UE capability or 1, 3 and 7 (instead of 1/2/4/8)
· Alt. 4 (1): Triggering can always schedule PDSCH, use C-/T-DAI field to indicate the CB: ZTE [2]
· Other: only a  single Rel. 17 Type 3 HARQ CB can be requested by a single DCI: Qualcomm [26]

Reference time / processing time for enh. Type 3 CB:
· The reference time to derive HARQ-ACK codebook is introduced in terms of a (sub) slot, where the HARQ-ACK of relevant HARQ processes are involved: LGE [20] 


Additional RRC configuration options for enhanced Type 3 CBs: Qualcomm [26]
· Option 1: The list of CC, starting HARQ Process ID (per CC), size (per CC) - in case of consecutive HARQ Process Reported. 
· Option 2: An equal split of the “HARQ Process IDs space” into N equally sized Rel. 17 Type 3 HARQ CBs. N is the total number of configured Rel. 17 Type 3 HARQ CBs.


Interaction of SPS HARQ-ACK deferral and enh. Type 3 CB: 
· Type 3 CB is considered as ‘DG HARQ’ with PUCCH resource indication in the initial or target slot: vivo [3]
· SPS HARQ-ACK deferral is stopped / dropped before the PUCCH slot where an enhanced Type 3 CB has been triggered: vivo [3], DoCoMo [24] (see Fig. 3 in Sec. 2.2.1), Qualcomm [26]
· Append the deferred SPS HARQ-ACK bits to the enhanced Type 3 CB: LGE [20]

One-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource

Triggering details:
· Early triggering support: 
· Alt. 1: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· Support: ZTE [2], Nokia/NSB [5], Ericsson [6], CATT [7]
· Alt. 2: One-shot triggering of HARQ re-transmission is only supported after the initial PUCCH transmission slot
· Support: Samsung [16], ITRI [25]


· Number of triggering bits and PDSCH scheduling 
· Alt. 1 (13): Uses 1-bit trigger and does not schedule PDSCH if trigger bit is set to ‘1’/’trigger’ (some unused field used to indicate the ‘slot offset’): Huawei/HiSi (MCS or HARD field) [1], ZTE [2] (C-/T-DAI), vivo [3] (re-use the one-shot HARQ request field to trigger, same order as for Scell dormancy), Spreadtrum [4], Nokia/NSB [5] (re-use the one-shot HARQ request field to trigger, MCS field), CATT [7], Xiaomi [12] (do not reuse the one-shot HARQ request field), Panasonic [14],  Samsung [16] (non-scheduling DCI format), Interdigital (reuse legacy bit field, if PDSCH is scheduled – trigger the last dropped HARQ), TCL [23], DOCOMO [24], ITRI [25]
· Alt. 2 (2): In addition support 0 bit HARQ-offset: ZTE [2], Qualcomm [26] (last or earliest based on RRC config) 
· Alt. 3 (4): Separate N-bit DCI field to indicate offset: Ericsson [6] (if more than one offset configured, on top if 1bit triggering field), OPPO [8], Lenovo/Motorola [19], Qualcomm [26]

‘Slot-offset’ definition: 
· Alt. 1 (12): n = m - HARQ_retx_offset: ZTE [2], Spreadtrum [4], Ericssson [6], CATT [7], OPPO [8], Sony [9] (smallest K1 granularity across PUCCH configs),  Panasonic [14] (if early triggering before the PUCCH not supported), Samsung [16], Lenovo/Motorola [19], TCL [23], DOCOMO [24], ITRI [25]
· Alt. 2 (6): n = m + k - HARQ_retx_offset: Huawei/HiSi [1], vivo [3], Nokia/NSB [5], Intel [11], Panasonic [14] (if early triggering before the PUCCH is supported), LGE [21], 
· Other: 
· Slot offset unit is PUCCH slot length for the respective PUCCH config (could be PUCCH cell and/or 1st / 2nd PUCCH config specific): LGE [21], DOCOMO [24]

Value range for HARQ_retx_offset: 
· Alt. 1 – 1…15/16: Nokia/NSB [5] (max=16), Intel [11] (max=15), Qualcomm [26] (for slot PUCCH)
· Alt. 2 – 1…32: Nokia/NSB [5]
· Alt. 3 – {-15…15}: Ericsson [6]
· Alt. 4 – {-8…15}: Ericsson [6]
· Alt. 5 – 1…64: Qualcomm [26] (for sub-slot based PUCCH)

Fixed versus RRC configured HARQ_retx_offset set: 
· RRC configured: ZTE [2], Lenovo/Motorola [19] (plus a default table), LGE [20] (maximum time window for UE), 

Maximum time window / storage time: 
· RRC configured by gNB (UE does not need to store HARQ CB longer): LGE [20], Qualcomm [26]

HARQ-ACK codebooks size ambiguity of CB to be re-transmitted (for Type 2 CB): 
· Use the C-/T-DAI mechanism to indicate size of the HARQ-ACK codebook to be re-transmitted in the triggering DCI: Huawei/HiSi [1], ZTE [2], Sony [9], Intel [11] (consider handling), NEC [15], ITRI [25], - No: Samsung [16], 
· RRC configured size with 0-padding or partial HARQ dropping: Qualcomm [26]


Further one-shot HARQ re-tx restrictions: 
· UE does not expect the Type 3 or enh. Type 3 CB on an original PUCCH to be triggered for one-shot re-transmission: Huawei/HiSi [1]
· UE expects a HARQ-ACK CB to be scheduled as the one-shot re-transmission at most once: Huawei/HiSi [1]
· HARQ-ACK dropped due to staggered overlapping of Rel-16 PUCCH repetition and SPS HARQ-ACK dropped due to expiration of the maximum deferral time should not be triggered for one-shot re-transmission: Huawei/HiSi [1]

BWP switching: ETRI [20]
“Regarding BWP, the current specification distinguish the time for HARQ-ACK feedback before/after the BWP change trigger. Along with the similar principle, the retransmission of PUCCH may not be expected or HARQ-ACK codebook would be rebuild only for valid HARQ processes, which leads to a size reduction. We think for performance perspective, we prefer the latter one to update the HARQ codebook.”
[bookmark: _Ref87022957]The retransmitting HARQ codebook can consist of only valid HARQ-ACK bits.

Joint operation of PUCCH carrier switching and one-shot triggering: 
· the backward slot-offset is interpreted with the granularity of the target PUCCH cell for dynamic Cell indication and with the granularity of PCell for semi-static PUCCH Cell pattern: Huawei/HiSi [1], Qualcomm [26]
· a relative slot index indication should be introduced on top of the backward slot-offset for the case where the granularity of the backward slot-offset is longer than the slot length of the original PUCCH: Huawei/HiSi [1]
· PUCCH cell of the “old HARQ-ACK CB” needs to be explicitly or implicitly indicated: DOCOMO [24]

Joint operation of Rel-17 intra-UE multiplexing and one-shot triggering: OPPO [8]
· If both one-shot triggering for HARQ-ACK retransmission and Rel-17 intra-UE multiplexing is configured, a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot retransmission: OPPO [8]

Joint operation of SPS HARQ-ACK deferral and one-shot triggering: 
· Only initial HARQ-ACK bits in the indicated “old HARQ-ACK CB” will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI: LGE [21] (operate as if SPS deferral not configured), DOCOMO [24]
· ZTE [2], OPPO [8]: also a cancelled target slot can be considered
· One-shot HARQ re-tx is considered as ‘DG HARQ’ with PUCCH resource indication in the initial or target slot for SPS deferral: vivo [3]
· Allow multiplexing of SPS HARQ-ACK deferred information and one-shot triggered HARQ-ACK information (i.e., PUCCH slot with a one-shot triggered HARQ-ACK is regarded as a potential target PUCCH slot): OPPO [8], LGE [21] (append deferred SPS HARQ bits)
· If triggering one-shot HARQ-ACK re-transmission of some SPS HARQ, the SPS HARQ deferral procedure is stopped: NEC [15], DOCOMO [24] (drop of the same PHY priority, other priority not affected)
· Stop deferral, when trigger for HARQ-ACK re-transmission is received: Qualcomm [26]
· Expired SPS HARQ-ACK bits are omitted in the CB for re-transmission: Qualcomm [26]

Other: 
· Further study the impact of dynamic requested HARQ-ACK retransmission on current DRX mechanism: NEC [15]
· gNB to request “UE Indication of Cancelled HARQ CB” from UE and therefore, gNB will be made aware if and which CB has been canceled: Qualcomm [26]
· in case of multi-DCI configuration in multi-TRP, in which PUCCH sub-slot transmission is possible in PUCCH slot configurations, the UE detects from which TRP the request originates via the CORESET index used in DCI transmission: Qualcomm [26]
· In case one or more of the HARQ Processes in the requested for retransmission HARQ CB are occupied by new HARQ bits, the UE omits reporting these HARQ Processes in the retransmitted HARQ CB which are filled with new HARQ bit: Qualcomm [26]

Other than enh. Type 3 & One-shot Triggering:

Enhanced Type 2 CB: Clarification that PDSCH grouping for Enh-Type2 CB is within each PHY priority: vivo [3] (then readily available)
Automatic re-tx of canceled HARQ-ACK (if multiplexed on PUSCH) on the PUSCH re-transmission: Qualcomm [26]
· Limited to UL-CI operation (i.e., dropping due to DCI format 2_4 reception)
· If a PUSCH incl. HARQ is canceled, the cancelled HARQ-ACK is multiplexed on the PUSCH re-transmission automatically with the NDI & HARQ Process ID
· Only HARQ-ACK is to be re-transmitted (drop SR & CSI)
· No multiplexing of new UCI on the PUSCH re-tx
· No support for partial automatic (re)transmission of cancelled HARQ bits

Automatic (re)transmission of a single dropped LP HARQ-ACK CB. Automatic (re)transmission at the same PRI as the one for the initial PUCCH allocation; PRI allocation valid for up to N slots: Qualcomm [26]

3.2 1st Round of email approvals 

Enhanced Type 3 CB
Configuration of enh. Type 3 HARQ-ACK per PUCCH cell group
As noted by ZTE in the RRC parameter discussions following RAN1#106bis-e, the first PUCCH cell group (with PUCCH on PCell) and second PUCCH cell group (with PUCCH on PUCCH-SCell) are both configured in PhysicalCellGroupConfig. 
Therefore, it seems to be needed to have a separate configuration of the enhanced Type 3 HARQ-ACK CB(s) per PUCCH cell group at least to take the varying number of DL serving cells associated with the first and second PUCCH cell group into account. For Rel-16 enhanced Type 3 CB, this seemed to be not really needed (and a joint configuration for both) could been done as the codebook size and structure there is anyhow PUCCH cell group specific. 
Therefore, the following is proposed: 
Proposal 3.2.1: The list enhanced Type 3 HARQ-ACK codebooks is configured per PUCCH cell group (i.e., separately configurable for primary and secondary PUCCH cell group). 
	Supporting companies
	Nokia/NSB, vivo, DOCOMO, Sony, Intel, Panasonic, Lenovo/Motorola Mobility, Samsung, QC, Ericsson, Sharp,TCL, NEC, CATT, Spreadtrum, Huawei/Hisi, ZTE, LG,Xiaomi,OPPO

	Objecting companies
	



	Company
	Comments 

	
	

	
	

	
	

	
	

	
	



Interaction of SPS HARQ-ACK deferral and enh. Type 3 CB: 

Some companies discuss the interation of SPS HARQ deferral and enhanced Type 3 codebook operation. Clearly, looking at the remaining time available, if we support the joint configuration (and somehow the operation), then something simple is needed here. 

3 companies suggest to support the operation, but stopping the SPS deferral procedure / dropping the SPS HARQ for deferral, if an enhanced Type 3 CB before the PUCCH slot the Type 3 CB is triggering. This may be a simple way to enable the joint operation and somehow in line with the earlier decision to not expect other HARQ-ACK information to be multiplexed together with an enhanced Type 3 HARQ-ACK codebook transmission. Let’s see if something like this could be agreeable: 


Mod Proposal 3.2.2: Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral. 
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot and drops the pending SPS HARQ-ACK bits. 
· Note: there seems to be no need to define a cancelation timeline, as based on the above the SPS HARQ deferral is stopped only at the time of the Type 3 HARQ-ACK codebook transmission (and when checking the target slot, the UE knows the Type 3 CB has been triggered already)


	Supporting companies 
	DOCOMO, QC, NEC, CATT, Spreadtrum, Nokia/NSB,OPPO

	Objecting companies
	Intel (slightly), Samsung, Huawei/Hisi, LG



	Company
	Comments 

	vivo
	In case of a R16 Type 3 HARQ-ACK CB is triggered for transmission in a PUCCH slot, since all HARQ processes are included in the R16 Type 3 HARQ-ACK CB, the pending SPS HARQ-ACK bits are not dropped from our understanding;
In case of a enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, there is the case that the HARQ process(es) is not included in the enhanced Type 3 HARQ-ACK codebook, we would like to understand the reasons for dropping the pending SPS HARQ-ACK rather than allow multiplexing of the deferred SPS HARQ-ACK and the enhanced Type 3 HARQ-ACK codebook (i.e., PUCCH slot with a enhanced Type 3 HARQ-ACK codebook is regarded as a potential target PUCCH slot for the deferred SPS HARQ-ACK)?

	DOCOMO
	We support the proposal. It is the simplest solution if simutaneous configuration of (enhanced) type 3 HARQ-ACK CB and one-shot triggering of HARQ-ACK retransmission is supported.

	Sony
	Similar view with vivo.  The triggered e-Type 3 CB may not contain the HPN for the deferred SPS HARQ-ACKs.  Hence, the PUCCH carrying the e-Type 3 CB is not considered as a target PUCCH.

	Moderator
	@vivo & Sony: agree – see the change above (dropping removed)

	Intel
	This is clearly an optimization which we don’t consider essential.
Further, this creates another source of potential ambiguity between UE and gNB if the UE misses the DCI triggering (e)Type3 CB: UE continues deferral, but gNB already waits for the feedback.

	Ericsson
	Consider Rel-16: When Type-3 is triggered, the UE is expected to transmit the HARQ-ACK of the HPs. If the HARQ-ACK is not available yet, the UE sends NACK.
We don’t understand why special treatment is needed for DL SPS HARQ-ACK deferral, since the corresponding HARQ-ACK is available at initial slot. If Type-3 CB is triggers the feedback (assuming the DL SPS HP is included), the Ue woud include the corresponding HARQ-ACK. Since it would be transmitted, naturally the deferral would be stopped.
Hence, we disagree with @Intel view.
In fact in our views, not allowing such operations, we create a lot of fragmentations, combinations and different alternatives for operations that complicates the operation.
Hence we make similar comment as for repetition for this case as well.  

	Lenovo/Motorola Mobility
	We suggest adding the following clarification for the sub-bullet:
In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot. The pending SPS HARQ-ACK is multiplexed with the type 3 HARQ-ACK CB in the PUCCH slot, if the type 3 HARQ-ACK CB does not include the pending SPS HARQ-ACK.

	Samsung
	At least for the Rel-17 Type-3 CB, the HARQ processes for the SPS HARQ-ACK cannot be guaranteed to be included in the triggered state. 
Overall, the proposal is an optimization with marginal benefit in practice – only adds another layer of conditions/complexity.

	QC
	This is a simple and straightforward proposal. In case the network really needs certain deferred SPS HARQ Process IDs, the network will request them in Rel. 17 Type 3 HARQ CB. If not possible, Rel. 16 Type 3 HARQ CB can be requested. If the network omits certain colliding SPS HARQ processes, this is a clear indication that the network is not in urgent need of these HARQ Processes.
The interpretation of the following agreement is that multiplexing of Rel. 17 Type 3 HARQ CB and Type 1 or Type 2 HARQ CB is not possible.
Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 
The proposal is not an optimization. Need to define the UE behavior in case both features are configured. With the dynamic indication of 1 up to 8 Rel. 17 Type 3 HARQ CB, the network can always guarantee to include SPS HARQ having collided with DL.

	DOCOMO2
	In our understanding, the motivation to drop pending deferred SPS HARQ-ACK bits is: If gNB triggers enhanced type 3 HARQ-ACK CB without some deferred SPS HARQ-ACKs, it means gNB considers such deferred SPS HARQ-ACK bits are not needed. Otherwise, why not gNB trigger a type 3 HARQ-ACK CB including these bits? 
On the other hand, simply dropping pending SPS HARQ-ACK bits is easier than multiplexing, if we take PHY priority into account. Do we only need to multiplex deferred SPS HARQ-ACK bits with the same PHY priority as the PHY priority indicated in the DCI, or regardless of priority? If we multiplex HP and/or LP deferred SPS HARQ-ACK bits with the enhanced type 3 HARQ-ACK CB, we need to further discuss the multiplexed CB generation. Therefore, from specification effort perspective, we prefer the simplest solution to drop the deferred SPS HARQ-ACK bits. 

	NEC
	The proposal is reseanable and straightforward. In addition, except Type-3 HARQ-ACK codebook and enhanced Type-3 HARQ-ACK codebook, we think one-shot HARQ-ACK retransmission should be also considered. 

	Huawei/Hisi
	Disagree with @vivo and @Sony on the viewpoint that enh. Type 3 CB may not include SPS HARQ process ID. It has been agreed that enh. Type 3 CB should always include Type 1/2 HARQ ID; why we need to make an exception for SPS HARQ? It should be gNB implementation to guarantee the deferred SPS HARQ ID is always included in the enh. Type 3 CB. In that sense, the UE will always transmit the deferred SPS HARQ-ACK in the enh. Type 3 feedback.
	Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook.


 
The modification is as follows:
Mod Proposal 3.2.2: Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral. 
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure and generates the R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK CB including the of pending SPS HARQ-ACK subject to SPS HARQ-ACK deferral in that PUCCH slot and drops the pending SPS HARQ-ACK bits. 
· Note: For the enhanced Type 3 HARQ-ACK CB triggered in a PUCCH slot, the UE is not expecting SPS HARQ-ACK initially transmitted in or deferred to that PUCCH slot cannot be mapped to the enhanced Type 3 HARQ-ACK CB as the HARQ process is not part of the codebook.


	ZTE
	Share the view with vivo and Sony, removing dropping may not reflect the intention from the concern of vivo and Sony. Maybe there are three possible ways in case that the HARQ process is not included in the enhanced Type 3 HARQ-ACK codebook, i) allow multiplexing of the deferred SPS HARQ-ACK and the enhanced Type 3 HARQ-ACK codebook; ii) the PUCCH carrying the e-Type 3 CB is not considered as a target PUCCH, the target slot determination can continue; iii) Drop the SPS HARQ-ACK. From my personal view, ii) is preferable.

	LG
	We think there is no reason to pending due to type-3 triggering without considering HARQ processes. 
If gNB requires SPS HARQ-ACK, gNB may trigger type-3 CB with HARQ processes of SPS. In other words, if gNB doesn’t trigger type-3 CB with SPS HARQ process, it mean that the SPS HARQ-ACK is not necessary anymore. If the proposal is for handling previous agreements, the pending should be performed only when HARQ process corresponding to SPS is a part of type-3 CB. Thus we support lenovo’s suggestion with following editorial modification 
In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot if the type 3 HARQ-ACK CB does not include the pending SPS HARQ-ACK. Otherwise, SPS HARQ-ACK can be multiplexed with the type 3 HARQ-ACK CB in the PUCCH slot. 
In addition, we also think the benefits are maginal. Based on deferral procedure, HARQ-ACK CB would be transmitted as soon as possible if multiplexing is allowed. Thus, there is no latency benefit. The benefit of the proposal is only about the size of the PUCCH resource carrying type-3 HARQ-ACK codebook. It seems less than enough. 


	OPPO
	Deferred SPS HARQ-ACK is structured by type 1 or type 2 HARQ-ACK codebook. And according to previous agreement, Type 3 and eType3 HARQ-ACK codebook should include all the HARQ-ACK information of Type 1 or type 2 HARQ-ACK codebook in the same slot, so it is concluded that deffered SPS HARQ-ACK information should be included in Type3 or eType 3 HARQ-ACK codebook in the same slot. And it is not necessary to continue to defer SPS HARQ-ACK.



Joint operation of Type 3 HARQ-ACK codebook and PUCCH cell switching:
Although not really discussed by companies (as the operation itself seems to be rather clear), we may need an agreement to support the joint operation here. 
Therefore, the following is proposed here: 
Proposal 3.2.3: Support simultaneous configuration of enhanced Type 3 CB triggering and PUCCH cell switching: 
· For dynamic PUCCH cell switching, the triggering DCI indicates the PUCCH cell for the enh. Type 3 HARQ-ACK codebook transmission
· For semi-static PUCCH cell switching, the time domain PUCCH cell pattern is used to determine the PUCCH cell for the transmission of the triggered enh. Type 3 HARQ-ACK CB

	 Supporting companies 
	Nokia/NSB, vivo, DOCOMO, Sony, Intel, Ericsson, Lenovo/Motorola Mobility, CATT, Spreadtrum Huawei/Hisi, ZTE, LG,Xiaomi,OPPO

	Objecting companies
	



	Company
	Comments 

	DOCOMO
	We support the principle of the proposal but we are not sure whether the main bullet and the first sub-bullet have already been covered by previous agreements.
Agreement (@RAN1#106-e)
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
FFS: Additional cases

	Moderator
	@DCM: agree, but maybe no need to make bit changes here (better to agree double…). Having all in one agreement will make it maybe easier for editors to implement (as we don’t have any agreement on semi-static cell switching yet) 

	Samsung
	There is no apparent need for the proposal – can be supported by existing agreements.

	QC
	Agreement with DoCoMo.



One-shot HARQ re-tx:

Configuration of one-shot HARQ-ACK re-transmission per PUCCH cell group
As noted by ZTE in the RRC parameter discussions following RAN1#106bis-e, the primary PUCCH cell group (with PUCCH on PCell) and secondary PUCCH cell group (with PUCCH on PUCCH-SCell) are both configured in PhysicalCellGroupConfig. 
Therefore, we could configure the one-shot HARQ-ACK re-transmission triggering also per PUCCH cell group. 
Therefore, the following is proposed. If this is not agreeable, it means the same configuration within PhysicalCellGroupConfig would apply to primary & secondary PUCCH cell group: 
Proposal 3.2.4: The one-shot HARQ re-transmission on PUCCH is configured per PUCCH cell group (i.e., separately configurable for primary and secondary PUCCH cell group). 
	Supporting companies
	Nokia/NSB, vivo, Sony, Intel, Panasonic, Ericsson, QC, NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, Xiaomi,OPPO

	Objecting companies
	



	Company
	Comments 

	DOCOMO
	We are not sure about the intention of the proposal. Does it mean enabling/disabling of “one-shot triggering” is configured per PUCCH cell group?

	Moderator
	@DCM: yes, the enabling of the triggering. Potentially also the HARQ_offset values in case we make them RRC configurable

	Lenovo/Motorola Mobility
	We’d like to hear potential benefits/use cases for different configurations for PCell and PUCCH-SCell. 

	Samsung
	OK with the proposal but all configurations and UE procedures have always been per PUCCH cell group. Instead of taking each of the new cases one-by-one for agreement, a general agreement should be sufficient – if any need for exception(s), that can then be discussed separately.

	DOCOMO2
	Thanks for moderator’s reply. I see the intention of the proposal, but I’m not sure about the benefits. In our understanding, the impact of enabling/disabling from UE perspective is whether one-shot triggering DCI field is present in the DCI format.  Will anything be different if separate enabling/disabling is configured?

	ZTE
	For motivation, as Samsung said, it is a principle that all configurations and UE procedures have always been per PUCCH cell group. It provides the flexible configuration for each PUCCH cell group. 



One-short HARQ re-transmission triggering details in terms of DCI field usage
Looking at the input received, there is a strong majority of 13 companies suggesting the triggering DCI with 1 triggering bit set to ‘1’ to not scheduled PDSCH and use some unused DCI field to indicate the HARQ slot-offset, whereas 4 companies suggest to include an N-bit field to the triggering DCI to indicate the HARQ offset. 
Looking at this situation, a change of mind by the 13 companies due to some further discussions or GTW time seems to be rather impropable, and therefore it is suggested to adopt the following by email approval priort to the first GTW session already: 
Proposal 3.2.5: Apply a 1-bit  triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unsed DCI field in the DCI is used for HARQ slot offset indication

	Supporting companies
	Nokia/NSB, vivo, DOCOMO, Sony, Intel, Panasonic, Ericsson (w addiiton of the note), Samsung,TCL, NEC, CATT, Spreadtrum Huawei/Hisi,Xiaomi

	Objecting companies
	QC, ZTE



	Company
	Comments 

	Ericsson
	We would be fine if majority is in favorof this approach. However, we would like to raise the issue that since a  CB would be retransmitted and ther eis no PDSCH being scheduled with, some existing scheduling restrctions are not applicable. Therefore, we suggest to add the following:
· The triggering DCI can occur after a DCI scheduling a PUSCH if the corresponding retransmitted HARQ-ACK codebook would be multiplexed in the PUSCH. 

	Lenovo/Motorola Mobility
	Joint operation of HARQ-ACK retransmission triggering and PDSCH scheduling via one DCI can reduce DCI overhead and may potentially relax PDCCH monitoring frequency. 

	Samsung
	OK for progress as a HARQ-ACK CB retransmission is expected to be infrequent and a scheduling DCI may not have sufficient motivation to also support. 
However, and depending on the design for the Rel-17 Type-3 CB, we can also support a uniform design where both scheduling and non-scheduling DCIs are supported with a same mechanism.

	QC
	The whole solution of “triggered HARQ CB” is not working as proposed. What is missing is a field indicating the requested HARQ CB size. The solution does not work if the UE has not decoded the DCI of the “cancelled HARQ CB”. Especially if the retransmitted HARQ CB is appended to a new HARQ CB.
Before discussing the option of scheduling PDSCH with this DCI, the group has to agree on the fields needed to indicate the requested HARQ CB.
E.g. at slot n, the UE is requested to transmit
- 4 new HARQ bits (Type 2 HARQ CB)
- 2 cancelled HARQ bits (“cancelled HARQ CB”)
(of same PHY priority)
The UE missed the LP DCI for the initial transmission of 2 LP HARQ bits which are requested.
According to the agreement

Agreement
For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.

The gNB expects from the UE to transmit
6 HARQ bits (4 bits in the new HARQ CB and 2 HARQ bits from the cancelled HARQ CB).
The UE transmits only 4 new HARQ bits.
A detailed proposal to avoid this problem and hence to avoid wasting DCIs is proposed by QC already in #106e. The proposal lies in the gNB requesting from the UE to report if indeed a LP HARQ is dropped.

	Huawei/Hisi
	We disagree with the added note from Ericsson for the time being, since whether to allow the one shot HARQ-ACK to be piggybacked on PUSCH should be FFS. For example, if the UE misses the one shot triggering DCI and receives the UL grant, the UE has not idea of the CB size, and there would be mismatch between UE and gNB on the rate matching of PUSCH (considering the CB size of the re-tx HARQ-ACK >2): from UE side, it transmits UL-SCH only, while from gNB side, it expects the rate matched HARQ-ACK with UL-SCH. That will unnecessarily harm the reliability of the UL-SCH. Note that the legacy UL DAI cannot resolve this issue.

	ZTE
	Share the view with Lenovo and Samsung, the DCI to trigger the HARQ-ACK retransmission can schedule the PDSCH. 

	LG
	We are fine in general. We have comment for first sub-bullet. 
The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH.
It seems that 1bit triggering field works as an indicator of no DL-SCH, which could make false alarm. Based on the contribution for this issue, we see most of companies think to use invalid scheduling information to indicate no DL-SCH scheduling. Thus, we would like to suggest following changed. 
If the triggering bit set to ‘1’, the triggering DCI should indicate invalid scheduling information.




One-shot HARQ re-tx: ‘Slot-offset’ definition
Looking at the input received, there is a strong majority of 12 companies suggesting to use Alt. 1 for the definition of the slot offset whereas 6 companies suggesting to adopt Alt. 2. 
Looking at this situation, a change of mind by the 12 companies due to some further discussions or GTW time seems to be rather impropable, and therefore it is suggested to adopt the following by email approval priort to the first GTW session already: 
Proposal 3.2.6: For one-shot HARQ re-transmission on PUCCH, the ‘HARQ re-tx offset’ is determined as Alt. 1: n = m - HARQ_retx_offset

	Supporting companies
	DOCOMO, Sony, Panasonic, Lenovo/Motorola Mobility, Samsung, Ericsson,TCL, NEC, CATT, Spreadtrum, Huawei/Hisi, ZTE, Xiaomi,OPPO

	Objecting companies
	



	Company
	Comments 

	DOCOMO
	We support the proposal. 
Moreover, we think interpretation of the m should also be clarified. In our understanding, to interpreate the m based on the PCell/PScell/PUCCH-Scell is the most straightforward and simplest way.

	Sony
	We also need to define the granularity of HARQ_retx_offset. 

	Moderator
	@DCM: this depends a bit on the PUCCH cell switching decision (if we support semi-static operation – we agreed dynamic already). See the discussions there. 

@Sony: in number of PUCCH slots (see agreement last time) – but PUCCH cell switching we need to discuss this a bit more

	Intel
	Prefer the proposal to be more self-contained, i.e. to remind meaning of n, m, HARQ_retx_offset.
Also, we think Alt.1 vs Alt.2 does not matter much if we don’t restrict the range of HARQ_retx_offset to be > 0.

	Huawei/Hisi
	Though it is not our preference, we can live with it for sake of progress.

	Sony
	@Moderator:  Have we decided how to differentiate between two (or more) cancelled sub-slot PUCCHs contained in a slot if granularity of HARQ_retx_offset is in units of slot?  For example in the Figure below, if the triggering DCI#1 in Slot 2, indicates HARQ_retx_offset = 1, it points to Slot 1 and in Slot 1 there are two sub-slot based PUCCHs, PUCCH#1 and PUCCH#2 which are cancelled (LP PUCCH can also be sub-slot based).  Since we agreed only one PUCCH worth of HARQ-ACKs can be retransmitted which PUCCH, PUCCH#1 or PUCCH#2 should be retransmitted here?

[image: ]





Joint operation of PUCCH carrier switching and one-shot triggering: 
There had been input by some companies, but clearly the operation needs to be rather simple considering we are at the end of Rel-17. 
For semi-static PUCCH cell switching, based on the input documents we just need to define the HARQ slot offset in terms of PCell numerology. Otherwise, no additional clarifications seem to be needed here: 
Let’s see if something like below is agreeable, otherwise, there may not be the support for it in Rel-17. 
Therefore, the following is proposed here: 

Mod Proposal 3.2.7: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and semi-static PUCCH cell switching: 
· the ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of a PUCCH slot of the respective PHY priority of PCell /PSCell / PUCCH SCell

	 Supporting companies 
	Nokia/NSB, Intel (in principle), Lenovo/Motorola Mobility, CATT, Spreadtrum, Huawei/Hisi,Xiaomi,

	Objecting companies
	ZTE



	Company
	Comments 

	DOCOMO
	Assuming PUCCH cell of the “old HARQ-ACK CB” is indicated,  we think to interpreate the m based on the PCell/PScell/PUCCH-Scell is the most straightforward and simplest way. For such case, don’t need to map PCell/PScell/PUCCH-Scell slot to alternative PUCCH cell.

	Sony
	The PCell may be configured with slot and sub-slot based PUCCH.  Which granularity should be used?

	Moderator
	@DCM & Sony: would the above help here!??

	Intel
	We think the operation can be rather straightforward. However, it seems there could be different implementation depending on Alt.1 vs Alt.2 for slot offset determination, pending separate decision.

	Samsung
	OK with the proposal but it is realizable based on existing agreements.

	QC
	Proposals of secondary importance now. To be treated later.
Support monderator’s note:
· “The highest priority is clearly on the finalization of the stand-alone operation of the features we agreed to support. I plan to use GTW time on issues needed for the completion of these mainly. 
Joint operation is only of 2nd priority but should still be clarified in this meeting, as this is having also potential impact on UE features discussions”

	DOCOMO2
	In our understanding, if the granularity is based on slot of PCell/PScell/PUCCH-Scell, we need to firstly find the indicated slot on PCell/PScell/PUCCH-Scell. Then we determine the slot on the PUCCH Scell mapping from the slot on PCell/PScell/PUCCH-Scell. We understand that there is no additional issue, since the HARQ-ACK CB on the PUCCH Scell is also mapped from slot on PCell/PScell/PUCCH-Scell. It seems more straightforward to interpretate the offset based on PUCCH Scell directly. But we understand that the proposal can work, we can accept it.

	ZTE
	The granularity is better to be the slot with PUCCH which to be cancelled.
For example, the PCell has the longer slot, and Scell has the shorter slot, and the PUCCH on Scell is cancelled, following the smaller granularity could get less latency for retransmission.
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	LG
	We agree with Qualcomm that the proposal is 2nd priority in this meeting. 
For the proposal, we think sub-bullet may not be needed. 


	Sony
	@Moderator: As pointed out by ZTE, we still have an issue on which PUCCH is targeted for retransmission if PCell slot is longer than SCell.  



As pointed out by Huawei & DoCoMo in their TDocs, the situation is a bit more complicated for dynamic PUCCH cell switching, as in case the cell for the PUCCH re-transmission is not the same as the original cell, there may be a need to also indicate the cell of the initial HARQ-ACK transmission as pointed out by DOCOMO. Moreover, Huawei identified that for certain mixed PUCCH length cases there is a need to indicate some additional slot-offset to be able to indicate which PUCCH slot the re-transmission is actually referring to. 
Let’s see if something like below is agreeable, otherwise, there may not be the support for it in Rel-17. Therefore, the following is proposed here: 
Proposal 3.2.8: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and dynamic PUCCH cell switching: 
· The ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of the target PUCCH cell 
· Introduce an indication of the PUCCH cell of the initial HARQ-ACK CB to the re-transmitted
· FFS: signaling details (e.g., which unused DCI field is used)
· Introduce an indication of a relative slot offset (for the case where the granularity of the backward slot-offset is longer than the slot length of the original PUCCH)
· FFS: signaling / indication details (e.g., which unused DCI field is used)

	 Supporting companies 
	Sony Huawei/Hisi(with modification/clarification)

	Objecting companies
	DOCOMO, Samsung, Nokia/NSB, LG



	Company
	Comments 

	DOCOMO
	We support joint operation but we don’t think to interpreate the ‘backward HARQ-ACK slot-offset’ based on target PUCCH cell is a good choice. As seen in the proposal, we need further FFS issues. However, if the ‘backward HARQ-ACK slot-offset’ is interpretated based on “old PUCCH cell”, it is very simple and no need to consider any relative slot-offset indication as in the second bullet.

	Sony
	Seems straightforward to indicate the cell containing the PUCCH for retransmission and there are plenty of spare DCI fields that can be used for this purpose.

	Intel
	

	Lenovo/Motorola Mobility
	Okay to introduce an indication of the PUCCH cell of the initial HARQ-ACK CB to be re-transmitted. Since the PUCCH cell of the initial HARQ-ACK CB is explicitly indicated, ‘backward HARQ-ACK slot-offset’ should be interpreted based on the granularity of the PUCCH cell of the initial HARQ-ACK CB, which does not require the third bullet. 
Proposal 3.2.8: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and dynamic PUCCH cell switching: 
· The ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of the PUCCH cell of the initial HARQ-ACK CB the target PUCCH cell 
· Introduce an indication of the PUCCH cell of the initial HARQ-ACK CB to be the re-transmitted
· FFS: signaling details (e.g., which unused DCI field is used)
· Introduce an indication of a relative slot offset (for the case where the granularity of the backward slot-offset is longer than the slot length of the original PUCCH)
· FFS: signaling / indication details (e.g., which unused DCI field is used)

	Samsung
	Too much complexity, and potential additional corner cases due to different SCS, to justify a delta in benefit. Not consistent with “aim for minimum spec impact” for PUCCH cell switching.

	QC
	Proposals of secondary importance now. To be treated later.
Support monderator’s note:
· “The highest priority is clearly on the finalization of the stand-alone operation of the features we agreed to support. I plan to use GTW time on issues needed for the completion of these mainly. 
Joint operation is only of 2nd priority but should still be clarified in this meeting, as this is having also potential impact on UE features discussions”

	Huawei/Hisi
	Agree the principle, but we have a question for the 2nd bullet: if we adopt the medthod of the 1st bullet to identify the backward slot-offset granularity, then there seems to be no need to additionally introduce an indication for indicating the cell of the original PUCCH, since the UE can memorize the cell index of the original PUCCH. Therefore we suggest the update as follows:
Proposal 3.2.8: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and dynamic PUCCH cell switching: 
· The ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of the target PUCCH cell 
· FFS whether to Iintroduce an indication of the PUCCH cell of the initial HARQ-ACK CB to the re-transmitted
· FFS: signaling details (e.g., which unused DCI field is used)
· Introduce an indication of a relative slot offset (for the case where the granularity of the backward slot-offset is longer than the slot length of the original PUCCH)
· FFS: signaling / indication details (e.g., which unused DCI field is used)

	ZTE
	We can discuss later as it seems more complicate than semi-static PUCCH cell switch.

	Nokia/NSB
	We think we should not support this combination (at this late stage) as: 
· The SPS operation is already crippled for the initial slot (i.e., not possible to indicated another cell than PCell for the initial slot in the first place)
Obviously as the discussions show, having this operation will not be just a single decision but we need to design the overall procedure (and there are quite some different opinions) – not possible in this meeting anymore

	LG
	We agree with Qualcomm that the proposal is 2nd priority in this meeting. 
For the proposal, we are not sure why target slot need to be reference for backward slot offset. 
By proposal 3.2.6 and previous agreement, target PUCCH is not related to slot offset anymore. We think it make unnecessary complexity.  






Joint operation of Rel-17 intra-UE multiplexing and one-shot triggering: 
There had been input by OPPO clarifying the operation. Let’s see if something like below is agreeable, otherwise, there may not be the support for it in Rel-17. 
Therefore, the following is proposed here: 
Proposal 3.2.9: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and Rel-17 intra-UE multiplexing: 
· If both one-shot triggering for HARQ-ACK retransmission and Rel-17 intra-UE multiplexing is configured, a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot HARQ-ACK re-transmission (i.e., independent of the PHY priority indication in the triggering DCI).
· Note: there seems to be no need to define a SPS deferral cancelation timeline, as based on the above the SPS HARQ deferral is stopped only at the time of the one-shot HARQ re-transmission (and when checking the target slot, the UE knows the one-shot re-tx has been triggered already)

	 Supporting companies 
	Sony, Ericsson, Lenovo/Motorola Mobility, CATT, Spreadtrum, Huawei/Hisi, Xiaomi, OPPO

	Objecting companies
	Samsung, Nokia/NSB



	Company
	Comments 

	vivo
	We wondered whether it conflicts with following agreements?
Agreement 
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 

	DOCOMO
	We have similar feeling as vivo that it seems contradicted with previous agreements.

	Sony
	If the HP PUCCH carrying LP + HP HARQ-ACKs is cancelled then it is useful that 1-shot ReTx can trigger a retransmission of these HARQ-ACKs.

	Intel
	The note seems irrelevant to the proposal.
Although we rather support the intention of current proposal, the previous agreement cited by vivo seems precludes that.

	Ericsson
	It seems fine to us. 
Even if HP&LP are multiplexed in one PUCCH, the corresponding PUCCHs (for the retransmitted ones and mux ones have their one priority following Rel-17 rules. Hence, the agreement would be applied.

	Lenovo/Motorola Mobility
	We think that retransmitting both HP HARQ-ACK and LP HARQ-ACK is useful, when Rel-17 intra-UE multiplexing is configured. UE can be further configured to re-transmit both HP and LP HARQ-ACK independent of the PHY prioritiy indication in the triggering DCI.
If both one-shot triggering for HARQ-ACK retransmission and Rel-17 intra-UE multiplexing is configured and if retransmission of both HP and LP HARQ-ACK is configured, a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot HARQ-ACK re-transmission (i.e., independent of the PHY priority indication in the triggering DCI).

	Samsung
	Not clear why HP HARQ-ACK will be dropped/incorrectly received. Overall, that is another proposal of marginal delta in benefit that would require non-marginal specification support.

	Huawei/Hisi
	We agree in principle, but need to point out that the ambiguity of LP DCI missing cannot be easily resolved by the method with majority support that are now discussed in 8.3.3, i.e., introducing a LP DAI in HP DCI. The DAI in HP DCI cannot tell the exact LP HARQ-ACK payload if the LP re-tx triggering DCI is missed. If the reliability is a concern, the gNB has to avoid the multiplexing by careful scheduling.
The note needs to be removed.

	ZTE
	Share the same view with vivo.

	Nokia/NSB
	Agree with vivo et.al. 
Moreover, it will then not be possible anymore to e.g. just trigger re-transmission of HP HARQ information, if the PHY priority is neglected. Just thinking we don’t need to support this combination (can use enh. Type 3 CB instead) 

	LG
	We share same understanding as vivo. Even in the case of the proposal, the UE behavior should be dependent to PHY priority indication in the triggering DCI, in order to determine the PUCCH resource based on the priority.

	OPPO
	At least for the following cases, HP and LP HARQ-ACK bits will be dropped:
1) Semi-static PUCCH for HP and LP HARQ-ACK, e.g. PUCCH for HP and LP SPS HARQ-ACK, can be cancelled by semi-static slot configuration and dynamic SFI.
2) PUCCH with HP and LP HARQ-ACK is multiplexed in PUSCH, which is cancelled by UL CI.
In addition, even for a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK, the indicated PHY priority in the triggering DCI is still necessary to determine the HARQ-ACK information to be re-transmitted. For example, if PHY priority in the triggering DCI is 0, it means both HP HARQ-ACK and LP HARQ-ACK can be transmitted. if PHY priority in the triggering DCI is 1, it means only HP HARQ-ACK can be transmitted. So we suggest to modify the proposal as following:
Update Proposal 3.2.9: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and Rel-17 intra-UE multiplexing: 
· If both one-shot triggering for HARQ-ACK retransmission and Rel-17 intra-UE multiplexing is configured, a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot HARQ-ACK re-transmission. (i.e., independent of the PHY priority indication in the triggering DCI).
Note: there seems to be no need to define a SPS deferral cancelation timeline, as based on the above the SPS HARQ deferral is stopped only at the time of the one-shot HARQ re-transmission (and when checking the target slot, the UE knows the one-shot re-tx has been triggered already)





3.3 1st Round of email discussions 

First let’s check, if we support simultaneous configuration / operation of the two HARQ re-tx schemes which may have an effect on the further dynamic indication discussions. As this is a ‘Yes / No’ decision, the moderator brings forward a proposal directly (if not acceptable, then clearly no support):  
Proposal 3.3.1: Support (Enh.) Type 3 CB and one-shot HARQ triggering to be simultaneously configured for a UE. 
· The UE does not expect the (enhanced) type 3 HARQ-ACK CB to be triggered for transmission in the same PUCCH slot as the one-shot triggered HARQ retransmission
· The UE does not expect the R16 Type 3 or Rel-17 enh. Type 3 CB on an original PUCCH to be triggered for one-shot re-transmission
· FFS: signaling details for the joint operation
	Supporting companies
	Nokia/NSB, Sony (with some clarifications) Huawei/Hisi, DOCOMO

	Objecting companies
	Vivo, Intel, Lenovo/Motorola Mobility, Samsung, QC, Sharp,TCL, CATT, Spreadtrum, Xiaomi, LG,OPPO



	Company
	Comments 

	vivo
	We do not see the necessity to support both to be simultaneously configured for a UE, and additional spec efforts would be required to support both. 

	Sony
	Just for clarification, are the purpose of the 1st and 2nd sub-bullets to ensure we do not retransmit a PUCCH used for HARQ-ACK retransmission?

	Intel
	We did not identify synergy between the two schemes to motivate joint operation. Not support at this stage. Open to more arguments.

	Lenovo/Motorola Mobility
	We do not see the benefit of simultaneous operation of enhanced type3 CB and one-shot HARQ-ACK retransmission triggering. 

	Samsung
	There is no need for dynamic switching between the two mechanisms. For example, no need for Rel-17 Type-3 if the UE is configured to operarate with Type-1/Type-2 CBs and no need for “one-shot” if the UE is configured to operate with Rel-17 Type 3 CB.

	QC
	These are two different features which might not be supported by a given UE. With so many open topics to be clarified for both features, e.g. scheduling PDSCH, introduction or not of new DCI fields, …., and based on moderator’s guideline to finalize a single feature first, the question cannot be justified.

	Sharp
	There is no need to support both simultaneously.

	TCL
	The benefit to support simultaneous configuration of enhanced type3 CB and one-shot HARQ-ACK retransmission is not clear for us, and we don’t see the necessarity to support both.

	CATT
	We do not see a strong need to configure (Enh.) Type 3 CB and one-shot HARQ triggering simultaneously.

	Huawei/Hisi
	In our understanding, enh. Type 3 is used for collecting the dropped HARQ-ACKs of multiple PUCCH occasions e.g., dropped R16 SPS HARQ-ACKs in multiple slots due to DL collision, while one shot triggering is used for retransmission of one specific dropped PUCCH. If they cannot configured simultaneously, the application cases will be restricted.

	DOCOMO
	We support the proposal. We can also accept no simultaneous configuration for both.

	LG
	We don’t think the issue is essential especially when those features cannot work simulatenously. 

	OPPO
	There is no need to support both simultaneously.
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Rel-17 enhanced Type 3 HARQ-ACK codebook triggering details: 
Again, on the triggering details there had been rather diverse input, with 4 companies indicating if the triggering bit is set, the DCI cannot scheduled PDSCH (use some bitfield for indication). 6 companies suggest in addition to enable PDSCH scheduling and triggering one (e.g. the first enh. Type 3 CB from the list). 5 companies prefer to include a new, additional N-bit DCI field in the DCI to trigger an indicated enh. Type 3 CB and scheduled PDSCH with the same DCI. One company suggesting to use the C-DAI/T-DAI field to indicate the enh. Type 3 CB. 
Well, let’s get companies input on these proposals in the first round – it seems this case can only be resolved by GTW decision: 

Question 3.3.2: If more than one enhanced Type 3 HARQ-ACK codebook is configured and the triggering DCI with the ‘one-shot HARQ-ACK request’ set to ‘1’
· Alt. 1: The DCI cannot schedule PDSCH and some unused DCI field is re-used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook.
· Alt. 2: The DCI provides limited PDSCH scheduling capabilities:
· if the FDRA field in the DCI is valid (i.e. PDSCH is scheduled), the first enhanced Type 3 HARQ-ACK codebook from the list of enhanced Type 3 HARQ-ACK CBs is triggered
· if the FDRA field in the DCI is not valid (i.e. PDSCH is not scheduled), some unused DCI field is re-used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook. 
· Alt. 3: The DCI can schedule PDSCH and a new N-bit DCI field is used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook. 
· N= log2 (M), where M is the number of entries in the list of enhanced Type 3 HARQ-ACK codebooks. 
· Alt. 4: The DCI can schedule PDSCH and the C-/T-DAI field is used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook. 
· Alt. 5: Other

	Alt. 1
	Support
	vivo, Panasonic, CATT Huawei/Hisi, DOCOMO, Xiaomi

	
	Not support
	Samsung, QC, ZTE

	Alt. 2
	Support
	Nokia/NSB, Sony, Intel, Panasonic, Spreadtrum, DOCOMO

	
	Not support
	Samsung, CATT, ZTE, LG

	Alt. 3
	Support
	Samsung, QC, CATT, Spreadtrum, ZTE, LG, OPPO

	
	Not support
	Nokia/NSB,…

	Alt. 4
	Support
	ZTE

	
	Not support
	Nokia/NSB, Samsung

	Alt. 5 - Other
	Support
	



	Company
	Comments 

	Sony
	Firstly, Alt. 2 should be the default position because maintains the Rel-16 Type 3 CB feature.
Clarification on Alt. 2, there is NO limited PSDCH scheduling, there is only limited e-Type 3 CB selection.  If we use a default e-Type 3 CB, all the scheduling fields can be used for PDSCH scheduling and hence there is no limitation.  Hence, we would like to clarify Alt. 2 as follows:
· Alt. 2: The DCI provides limited PDSCH scheduling capabilities:

Alt. 2 is similar to the agreement where only one e-Type 3 CB is configured, since in this configuration, the DCI can schedule PDSCH.  Hence, Alt. 2 allows to fallback to this basic configuration dynamically.
Alt. 1 is a degradation from Rel-16 by removing an existing function from it and there should be no justifications for it.  

	Intel
	Agree with Sony’s modification about ‘limited’

	Samsung
	It is entirely unacceptable for the specifications to go backwards from Rel-16 for the Rel-17 Type-3 CB, especially since that can be a NW choice and there is no additional impact on UE complexity over Rel-16. It should be possible for a scheduling DCI to trigger the Rel-17 Type-3 CB. Also having a non-scheduling DCI can be acceptable according to Rel-16 design principles but a scheduling DCI is the primary design consideration and may also be the only one.

	QC
	The justification for objecting the option not to schedule PDSCH is explained thoroughly in every occasion in the last 3 meetings.

	DOCOMO
	We are fine with either Alt 1 or Alt 2.

	Sony
	@Samsung:  We do not understand why it is an issue with the specs.  The Rel-16 specs already provided mechanism to indicate whether a PDSCH is scheduled or not.  Why do we remove this mechanism in Rel-17?  What is there to gain in removing this mechanism?




RRC configuration details of ‘one enhanced Type 3 HARQ-ACK CB’ (i.e. per CC and per HARQ process and CC)
In the RRC parameter discussions following RAN1#106bis-e, there had been one company not agreeing with the following suggested RRC parameters 
	pdsch-HARQ-ACK-enhType3perCC
	Configure the one enhanced Type 3 HARQ-ACK codebook using per CC configuration
	(1..maxNrofServingCells) of Integer (0,1)

	pdsch-HARQ-ACK-enhType3perHARQ
	Configure the one enhanced Type 3 HARQ-ACK codebook using a per HARQ process and CC configuration
	(1..maxNrofServingCells) of Bit String (Size (16))



based on the earlier agreements to support only ‘per CC’ and ‘per HARQ process and CC definition: 
	Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities


Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types


Conclusion
No additional enhanced Type 3 CB ‘types’ (such as activated CCs, of specific SPS configurations, etc.) in terms of RRC configuration are supported. 



In addition, Qualcomm in [26] proposed to further alternatives. 

To prevent similar hick-ups following RAN1#107-e, let’s check the companies understanding what should be configured per RRC configuration. Companies thinking 1 & 2 should be supported, please add your company names to both  

Proposal 3.2.3: One enhanced Type 3 HARQ-ACK codebook is RRC configured as:
1. the HARQ processes of a subset of configured CCs, e.g., 
	pdsch-HARQ-ACK-enhType3perCC
	Configure the one enhanced Type 3 HARQ-ACK codebook using per CC configuration
	(1..maxNrofServingCells) of Integer (0,1)


2. a subset of configured HARQ processes (specific to CCs)
	pdsch-HARQ-ACK-enhType3perHARQ
	Configure the one enhanced Type 3 HARQ-ACK codebook using a per HARQ process and CC configuration
	(1..maxNrofServingCells) of Bit String (Size (16))


3. QC Option 1: The list of CC, starting HARQ Process ID (per CC), size (per CC) - in case of consecutive HARQ Process Reported. 
· Note: Requiring 3 different RRC parameters: list of CCs ((1..maxNrofServingCells) of Integer (0,1), starting HARQ Process ID (per CC) - (1..maxNrofServingCells) of Integer (0..15), size (per CC) - (1..maxNrofServingCells) of Integer (1….16))
4. QC Option 2: An equal split of the “HARQ Process IDs space” into N equally sized Rel. 17 Type 3 HARQ CBs. N is the total number of configured Rel. 17 Type 3 HARQ CBs.
5. Other

	1. the HARQ processes of a subset of configured CCs
	Support
	Huawei/Hisi, DOCOMO, LG,OPPO

	
	Not support
	

	2. a subset of configured HARQ processes (specific to CCs)

	Support
	Nokia/NSB, Sony, Intel, Panasonic, CATT, Spreadtrum Huawei/Hisi, ZTE, DOCOMO, Xiaomi, LG

	
	Not support
	

	3. QC Option1
	Support
	

	
	Not support
	

	
	Support
	

	
	Not support
	

	4. QC Option2
	Support
	

	
	Not support
	

	5. Other
	Support
	Samsung



	Company
	Comments 

	vivo
	We prefer to leave the detailed RRC signalling design to RAN2.

	Samsung
	1+2 – a subset of HARQs for a subset of CCs. 
(1) is understood as all HARQs for subset of CCs and (2) is understood as a subset of HARQs for all CCs. There is no need for such differentiation or a reason to have one “all” be mandatory.

	QC
	No strong opinion. Probably vivo is right. For the discussion on RRC parameters, probably we can give all options to RRC and they can decide. The rationale behing the options is clear though. Different options result into different RRC message sizes and hence into different reliability. 
Alt 2 is very high level: is it possible to have an example of this sub-set?

	Huawei/Hisi
	Detailed RRC design can be discussed after the GTW.

	DOCOMO
	Our understanding on previous agreement is Alt 1 and Alt 2.

	OPPO
	Our first preference is Alt 1. And we could compromise to support both Alt 1 and Alt2.



PHY priority related clarification of enh. Type 3 CB restriction (change earlier agreement in red):
OPPO discussed in [8] that the restriction on the Type 3 HARQ-ACK CB would only be needed for the same PHY priority, as due to Rel-16 PHY prioritization and/or Rel-17 intra-UE prioritization overlapping HARQ-ACK CBs of different priorities can be handled. At the same time, as the mapping of HARQ information to the enhanced Type 3 CB is done irrespective of the PHY priority of the HARQ-ACK information it seems that the suggested change may not be that clear. 
Proposal 3.3.4: Update the earlier RAN1 agreement with the following changes in red: 
	Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB with the same priority index as the enhanced Type3 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 



	Supporting companies
	Huawei/Hisi, OPPO

	Objecting companies
	Sony, Samsung, DOCOMO, Nokia/NSB, LG



	Company
	Comments 

	Sony
	This changes the intention of the original agreement.  Original agreement does not care about L1 priority. 

	Samsung
	Type-3 CB construction will need to change as priority is not considered for a HARQ process (and is generally not possible for Type-1/2 due to missed DCIs). 
However, clarification of the agreement is still needed. It the UE has not received a TB for a HARQ process, the UE generates NACK. How can then UE know the HARQ process if the UE missed the corresponding DCI?

	QC
	It seems the intention should be that multiplexing with any type of priority is not possible.

	Huawei/Hisi
	It is straightforward that the CBs are separately generated for different priorities. As the type 1/2 CB of a different priority will anyhow be individually generated and multiplexed by separate coding, there is no need to limit the type 1/2 CB of a different priority be included in type 3 CB.

	ZTE
	Intention is not clear.

	S
	We don’t think it was the original intention when we make the decision.

	Nokia/NSB
	The mapping of HARQ information to the Type 3 CB is actually irrespectived of the PHY priority. Therefore, we think that this proposal does not take this into account. And cancelling a LP Type 3 CB transmission (containing also HP HARQ information) by some HP DG PDSCH HARQ does not seem to be really something to consider!

	LG
	We think the changes are irrevalent to the intention of the agreement. 

	OPPO
	If retriction on eType 3 HARQ-ACK CB is applied for all priorities, the size of eType 3 will increase unnecessarily and the reliability of eType 3 HARQ-ACK CB may reduce. Especially when both HP eType 3 HARQ-ACK and LP Type 1/2 HARQ-ACK are not overlapped and can be transmitted, it is not reonable to include all HARQ-ACK processes in LP Type 1/2 HARQ-ACK CB in HP eType 3 HARQ-ACK CB.
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Early triggering support: 
On the earliest time when allowing the triggering, we just need a decision here to go either way (Alt. 1 of early triggering or Alt. 2 no early triggering). As in the input contributions, there had only been 6 companies providing their views (4 for Alt. 1, 2 for Alt. 2), let’s see where the group overall stands. 

Proposal 3.3.5: For one-shot triggering of HARQ re-transmission:  
· Alt. 1: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· Alt. 2: One-shot triggering of HARQ re-transmission is only supported after the initial PUCCH transmission slot


	Alt. 1: early triggering
	Nokia/NSB, vivo, Sony, Intel, NEC, CATT Huawei/Hisi, ZTE, DOCOMO, Xiaomi, OPPO( updated condition)

	Alt. 2: no early triggering 

	Lenovo/Motorola Mobility, Samsung, Spreadtrum, LG, OPPO(1st preference)



	Company
	Comments 

	Samsung
	Alt. 1 has marginal benefit, marginal use-case, while having non-marginal specification and UE complexity impact. There is no latency issue in the range of few slots, if any, for LP HARQ-ACK. There is no need for a UE to be expecting potential cancelation prior to the slot for PUCCH transmission (Rel-16 operation/design). Also, PUCCH cannot be cancelled by UL CI so the only main use case would be of intra-UE collision for a UE that does not support intra-UE multiplexing. Overall, the benefit of Alt.1 is practice will be zero.

	ZTE
	One example to show the benefit of Alt.1, a very common familiar TDD frame structure "DDDDDDDSUU" is applied and if the LP PUCCH is cancelled at the first "U", then according to Alt.2, The earliest position for retransmission of the LP PUCCH is after 9 slots. Obviously, this is unfriendly to URLLC service. But for Alt.1, the new LP PUCCH can be retransmitted immediately after the cancelled PUCCH.
[image: ]
The first sub-bullet of Alt.1 makes sure that it doesn’t affect the normal processing of current multiplexing or prioritize and no additional complexity compared with Alt.2.

	LG
	Basically, Alt 1 cannot bring latency benenfits in general since PUCCH for re-trasnsmission should be after the initial transmission anyway. So the main benefits are PDCCH scheduling flexibility, which is definitely not our goal. Also, it couldn’t be treated as re-transmission of HARQ, 

	OPPO
	Even the triggering can be transmitted before the initial PUCCH transmission slot, the one-shot triggering of HARQ re-transmission should be after the signalling cancelling initial PUCCH. In addition, the first bullet seems to restrict UE implementation, so we suggest to modify the first bullet and we can compromise to Alt1, 
Update Proposal 3.3.5: For one-shot triggering of HARQ re-transmission:  
· Alt. 1: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· Re-transmission triggering is after signalling cancelling initial PUCCH.
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 

	
	




Value range for HARQ_retx_offset:
Discussing the value range directly in the first round, does not seem to be really possible, as clarity on (i) the early triggering support and (ii) the HARQ-ACK offset definition will play a role there. 
But there is one  issues brought up by companies, namely if the set of HARQ_retx_offsets is fixed in the specification or if the set is RRC configured (RRC impact). One company suggesting RRC configuration and some default table (if not configured) 
Let’s see where companies stand: 
Proposal 3.3.6: For one-shot triggering of HARQ re-transmission, the set of HARQ_retx_offset values is  
· Alt. 1: fixed in the specification
· Alt. 2: configured by RRC signaling 
· Alt. 2A: the entire set / list is RRC configured
· Alt. 2B: the maximum value is RRC configured (i.e. { 1,…, offset_max}). Note: for early triggering & Alt. 1 HARQ offset definition we may need also a negative minimum value 
· Alt. 3: configured by RRC signaling (FFS is entire set or only maximum value). If not configured, a default table / set is applied. 
· Alt. 2A: the entire set / list is RRC configured
· Alt. 2B: the maximum value is RRC configured (i.e. { 1,…, offset_max}). Note: for early triggering & Alt. 1 HARQ offset definition we may need also a negative minimum value 

	Alt. 1: supporting companies
	Samsung, Nokia/NSB

	Alt. 2A: supporting companies 
	Sony, Intel, CATT, Spreadtrum, DOCOMO, Xiaomi, LG,OPPO

	Alt. 2B: supporting companies
	Nokia/NSB

	Alt. 3A: supporting companies 
	Panasonic, Lenovo/Motorola Mobility, ZTE (with revision)

	Alt. 3B: supporting companies
	Panasonic



	Company
	Comments 

	Sony
	Alt. 2A follows how K1 is configured, i.e. via a lookup table.

	Intel
	Agree with Sony that this offset by the definition is very similar to k1, thus similar mechanism can be used.

	Lenovo/Motorola Mobility
	3A provides both flexibility and RRC signaling overhead reduction. 

	Samsung
	If a non-scheduling DCI is used, can have Alt.1 - no need to define RRC signalling – e.g. 4 bits can indicate one of the previous 16 slots. 
If a scheduling DCI is used, there is still no need/benefit for RRC signalling as any need for retransmission will be dynamic (not semi-static) and so will be the slot to be indicated. If M bits are used, they can point to one of the previous 2^M slots where PUCCH can be transmitted.

	QC
	There are 2 typos, 3A and 3B should replace 2A and 2B. Difficult to see the motivation for alt 3. Can it be clarified?

	ZTE
	For 3A, it could be better support the set configured by RRC could be NULL, it means the relative DCI field is 0 bit and only for the case that gNB transmits the triggering DCI every time when one HARQ-ACK codebook is cancelled.
A note is added under 3A:
Note: the default table / set could be set as NULL.

	DOCOMO
	We support Alt 2A. We understand that the offset is a little similar to K1, but we don’t think the “one-shot triggering” feature is as important/mandatory as “HARQ-ACK reporting”. In our understanding, “one-shot triggering” is not enabled if the candidate offset values are not configured. 

	Nokia/NSB
	We don’t see a need for a default table (of Alt. 3). Having a maximum value configured could be sufficient to reduce the UE complexity here (no need to define really a table, as a 1 slot granularity will anyhow be needed) 

	LG
	We support Alt. 22A which is most flexible option. 




HARQ-ACK codebooks size ambiguity of CB to be re-transmitted (for Type 2 CB): 
We had non-conclusive discussions last meeting on this issue and the issue is brough up again by several companies. 
We need to resolve this at this meeting either way, so let’s check if the following is agreeable: 
Mod Proposal 3.3.7: For one-shot HARQ re-transmission on PUCCH, support a total the DAI field in the triggering DCI mechanism to indicates the size of the HARQ-ACK CB to be re-transmitted. 
· The total DAI is indicated using an unused DCI field (FFS which field and how many bits are used) 

	Supporting companies
	Sony (with changes), Intel, NEC, CATT Huawei/Hisi, ZTE(Also fine with Sony’s revision), Xiaomi, LG

	Objecting companies
	Vivo, Samsung, QC, DOCOMO, OPPO



	Company
	Comments 

	vivo
	Missing DCI is not a new issue. Further optimization is not needed.
In case UE receives the one-shot HARQ re-transmission DCI but missed the DCI for the dropped PUCCH, UE can ignore the one-shot triggering DCI. 

	Sony
	The DAI function is only used if the DAI field is configured.  If DAI field is not configured, e.g. Type 1 HARQ-ACK CB is used, then there really isn’t a need to indicate DAI.  However if DAI field is already configured, e.g. Type 2 HARQ-ACK CB, then the DAI functionality should be reused.  That is:
For one-shot HARQ re-transmission on PUCCH, support a total use the existing DAI mechanism, if the DAI field is configured, to indicate the size of repeat the DAI values of last DL Grant corresponding to the HARQ-ACK CB to be re-transmitted. 
· The total DAI is indicated using an unused DCI field (FFS which field and how many bits are used) 

Our view is, if the DAI field is already configured, then by default, it should be used, otherwise we are removing an existing function from Rel-15/Rel-16.  That is if the DAI field is already configured, not using it is a degradation from previous releases.
If the DAI field is NOT configured, then we do not think it needs to be added.


	Moderator
	@Sony: I just remove the sub-bullet and make some minor changes to the main bullet. 

	Samsung
	Large specification impact for zero practical benefit. The Type-2 CB construction method will need to change (no case currently exists where the Type-2 CB depends on a non-scheduling DCI – some “enhanced” Type-2 principles from NR-U will need to be imported in a mandatory codebook for non-shared spectrum – that is not acceptable). Additional UE software changes will be needed to simultaneously generate two Type-2 CBs – possibly to regenerate the previous one (based on the T-DAI) and generate an ongoing one. The benefit of the total DAI would exist only if all of the following happen (a) a HARQ-ACK CB is retransmitted, (b) the HARQ-ACK CB is a Type-2 one, (c) the Type-2 HARQ-ACK CB is not already based on total DAI (e.g. non-CA, non-PUSCH), (d) the last DCI format(s) associated with the triggered HARQ-ACK CB is missed. Even (c) and (d) have smaller probability that the HARQ-ACK BLER. The throughput benefit from the proposal is practically zero.  

	QC
	Need to decide if DCI triggering HARQ CB reTx can schedule PDSCH or not. There is not discussion on this topic, since proposals not based on offset, HARQ CB size indication and allowing PDSCH are constantly ignored. This is not a fruitful discussion.

	NEC
	In last meeting, following agreement was made. For Type-2 HARQ-ACK codebook, in case the last DCI of the retransmitted CB is missed, then both retransmitted CB and new initial CB will be failed to be decoded by gNB. The unsed DAI field in triggering DCI can help avod such problem.   
Agreement
For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
· in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.


	Huawei/Hisi
	As clarified in the last meeting, for the case where the UE misses the DCI scheduling the original PUCCH (generates no HARQ-ACK for the original PUCCH) but receives the retransmission triggring DCI pointing to the original PUCCH, the UE behaviour has to be specified this way or another: either such error case is avoided by introducing a DAI helping the UE to determine the HARQ-ACK payload, or, the UE ignores the triggering DCI by transmitting nothing at the new PUCCH. Regarding some companies do not want to introduce a DAI field, we need to at least make a down selection between the two solutions to avoid the error case. Updated as follows:
For one-shot HARQ re-transmission on PUCCH, down select between the following alternatives to avoid the error case where the UE misses the DCI scheduling the original PUCCH and receives the one-shot DCI triggering the HARQ-ACK retransmission of the original PUCCH
Alt.1: support a total the DAI field in the triggering DCI mechanism to indicates the size of the HARQ-ACK CB to be re-transmitted.
Alt.2: UE ignores the one-shot HARQ triggering DCI and does not transmit HARQ-ACK retransmission on the new PUCCH
· FFS the case of multiplexing with other UCIs on the new PUCCH

	ZTE
	Missing detection of the cancelled PUCCH to be retransmitted is a valid issue if the cancelled PUCCH to be retransmitted at a new PUCCH resource. The following example in figure illustrates that if the DCI for PUCCH to be retransmitted is missing, it will cause more complicated problems.
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From gNB perspective, PUCCH 1 is cancelled and need to be retransmitted. The triggering DCI indicates that PUCCH 1 will be retransmitted. From UE perspective, if UE missed the DCI for the construction of HARQ-ACK codebook in PUCCH 1, UE cannot determine the new PUCCH indicated by the triggering DCI from the PUCCH resource set due to the lack of the size of the HARQ-ACK codebook if the DCI for PUCCH1 is missing and the PUCCH indicated by the triggering DCI will not be transmitted eventually. Then, the gNB can’t receive the new PUCCH indicated by the triggering DCI, and the gNB can’t know the reason whether the UE missed the triggering DCI or missed the DCI for PUCCH1. Therefore, the gNB cannot determine whether to retransmit the PDSCHs corresponding to PUCCH 1 or retransmit the triggering DCI. The main reason for gNB can’t distinguish whether the DCI for PUCCH1 is missing or triggering DCI is missing is due to the cancellation of LP PUCCH1, the missing issue of DCI for LP PUCCH1 is covered by the cancellation and this ambiguity is deferred into the step of retransmission of cancelled PUCCH.
Facing the uncertain reason of no reception of the new PUCCH, to be safe, gNB will retransmit the PDSCHs corresponding to PUCCH1 but not the triggering DCI whatever the DCI for PUCCH1 is missing or triggering DCI is missing. Obviously, this will potentially lead to unnecessary retransmission of PDSCHs and unnecessary latency if only the triggering DCI is missed. If the gNB is more aggressive and only retransmits the triggering DCI to reschedule the PUCCH1 retransmission, this can’t solve the problem of missing detection of the cancelled PUCCH. 
In order to solve the above problem, a size field should be introduced in the triggering DCI to indicate the size of the HARQ-ACK codebook to be retransmitted.

	DOCOMO
	Same view as vivo.

	OPPO
	Optimization solution should be deprioritized.

	Sony
	We are fine with the Moderator’s modification as long as we are clear that we are not adding any new DAI field.
@OPPO: This is NOT AN OPTIMISATION when the DAI field is ALREADY CONFIGURED.  Please read our comment above.  We are proposing to REUSE the ALREADY CONFIGURED DAI field not to add some new fancy DAI field or reinterpret some unused field to pretend to be DAI field.  How can reusing something that already exists considered an optimisation?  Should we also say using the existing “PDSCH-to-HARQ_feedback timing indicator” that already exist in the DL Grant, to indicate the location of the PUCCH carrying the retransmission is also an optimisation?  



BWP switching: 
ETRI in [20] raised also for one-shot triggering the good question how to handle a BWP change in combination with one-shot triggering. ETRI laying out two options in their contribution:
“Regarding BWP, the current specification distinguish the time for HARQ-ACK feedback before/after the BWP change trigger. Along with the similar principle, the retransmission of PUCCH may not be expected or HARQ-ACK codebook would be rebuild only for valid HARQ processes, which leads to a size reduction. We think for performance perspective, we prefer the latter one to update the HARQ codebook.”
Let’s see where companies stand: 
Proposal 3.3.8: For one-shot triggering of HARQ re-transmission, in case of a BWP change 
· Alt. 1: the UE is not expected to be triggered for HARQ-ACK re-transmission of a HARQ-ACK CB containing invalid HARQ-ACK information
· Alt. 2: The retransmitted HARQ codebook consist of only valid HARQ-ACK bits (i.e., UE to rebuild the HARQ codebook of smaller size) 
· Alt. 3: Other 

	Alt. 1: supporting companies
	vivo, Sony, Intel, CATT, Spreadtrum Huawei/Hisi, ZTE, DOCOMO, Nokia/NSB, Xiaomi, LG,OPPO

	Alt. 2: supporting companies 
	

	Alt. 3 Other: supporting companies
	Lenovo/Motorola Mobility, Samsung



	Company
	Comments 

	vivo
	Alt.1 is reasonable and simple. 

	Lenovo/Motorola Mobility
	gNB can make sure that triggered HARQ-ACK retransmission does not include invalid HARQ-ACK information. If invalid HARQ-ACK information is included, it is considered as an error case. 

	Samsung
	(The following may be Alt.2). Rel-16 drops all HARQ-ACK corresponding to PDSCH receptions prior to the PDCCH triggering BWP change. That remains applicable (although not strictly needed for Type-2 or Type-3, there is also no need to change as the overall impact is marginal). If Type-3 is triggered prior to the triggering for BWP change, there is no PUCCH transmitted. If Type-3 is triggered after BWP change, all HARQs are reported (with NACK for the ones with actual TB receptions prior to the BWP change trigger). If any clarification is needed, it can be discussed in a Rel-16 CR as this is not a Rel-17 issue.

	
	

	
	




Joint operation of SPS HARQ-ACK deferral and one-shot triggering: 
Several companies provided input on the joint operation with some diverging views on what to do there. This includes: 
· If re-transmission triggering of SPS HARQ-ACK is only possible from the initial slot, or also from a determined target slot (where the deferred SPS HARQ-ACK potentially could not be transmitted
· If the one-shot triggering stops the HARQ-ACK deferral procedure or if the procedure continues and the deferred SPS HARQ is appended to the HARQ-ACK codebook for re-transmission. 

Let’s try to answer these issues with the following question: 

Mod Question 3.3.9: The simultaneous configuration one-shot triggering of HARQ re-transmission and SPS deferral is (A)  supported or (B) not supported, 
· If supported, the triggering of SPS HARQ-ACK for one-shot HARQ re-transmission is possible either: 
· Alt. 1: Only initial HARQ-ACK bits in the indicated “old HARQ-ACK CB” will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI (i.e., triggering SPS HARQ only possible from the initial PUCCH slot)
· Alt. 2: the indicated ‘old HARQ-ACK CB” including potentially deferred SPS HARQ-ACK bits will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI
· If supported, either: 
· Opt. 1: In case a one-shot HARQ-ACK re-transmission is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot and drops the pending deferred SPS HARQ-ACK bits. 
· Opt. 2: Allow multiplexing of SPS HARQ-ACK deferred information and one-shot triggered HARQ-ACK information (i.e., PUCCH slot with a one-shot triggered HARQ-ACK is regarded as a potential target PUCCH slot)

	A: companies supporting joint operation
	vivo, Sony, QC, NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, DOCOMO, LG

	B: supporting companies – i.e. do not support joint operation
	Intel, Samsung, Sharp,TCL, Nokia/NSB

	Alt. 1: supporting companies
	CATT, DOCOMO (1st preference), LG, Nokia/NSB

	Alt. 2: supporting companies
	vivo, Sony, Lenovo/Motorola Mobility, QC Huawei/Hisi, ZTE, DOCOMO (2nd preference)

	Opt. 1: supporting companies
	Sony, QC, NEC, Spreadtrum, Nokia/NSB

	Opt. 2: supporting companies
	vivo, Sony, Lenovo/Motorola Mobility, CATT, ZTE, LG,OPPO



	Company
	Comments 

	vivo
	From our understanding, the operation for multiplexing between the deferred SPS HARQ-ACK and the HARQ-ACK scheduled by a DCI can be handeld similarly as the multiplexing between the deferred SPS HARQ-ACK and the HARQ-ACK for DG PDSCH. 
Unified handling is preferred to reduce the SPS HARQ-ACK deferral dealy and avoid its dropping.

	Sony
	What is the difference between the “If supported” in the 1st and 2nd bullets?
Also in the 2nd bullet, Opt 1 and Opt 2 are not really options but they could both be done.  That is the deferred SPS HARQ-ACKs are dropped (Opt. 1) and then transmitted in the target PUCCH (which is also the 1-shot ReTx PUCCH) (Opt. 2)

	Samsung
	The two functionalities are complementary – no need for joint support as there is no benefit from the additional complexity.

	QC
	Alt 1 seems to address the case of SPS HARQ colliding and deferral has not started yet?

	TCL
	We share the similar view with Samsung. Two functionalities are complementary, there is no need to complicate the issue.

	NEC
	Opt.1 is aligned with the handling of joint operation of Type-3 HARQ-ACK codebook and SPS HARQ-ACK deferral.

	DOCOMO
	For Alt 1 and Alt 2, we prefer Alt 1for simplicity.
For Opt 1 and opt 2, we support neither. We think PHY priority should be considered because both one-shot triggering and SPS HARQ-ACK deferral are indepent for HP and LP HARQ-ACK CBs. If the triggred HARQ-ACK retransmission CB has different priority from the deferred SPS HARQ-ACK bits, they will not impact each other, unless there is PUCCH resource overlapping, which is not the focus here. 
If assuming same priority is restricted for Opt 1 and Opt 2, we think whether dropping/multiplexing of deferred SPS HARQ-ACK bits can be similar to handling for enhanced type 3 HARQ-ACK CB case.

	Nokia/NSB
	Looking at this combination, we first think the combination is really needed (as we have the re-tx possibility already) and the handling becomes much more complex compared to the Type 3 CB support. Therefore (not objection to the support) but we think it may not be needed. And if we do not manage to converge on the exact details, it should not be supported in R17. 

	LG
	We believe that Alt. 1 is a kind of eseential to remove DCI ambiguity. gNB may trigger one-shot re-transmission for PUCCH has been not successfully received. It means that there is possibility of DCI missing. 
In addition, SPS HARQ-ACK deferral can be triggered from multiple slots to single slot, and each deferral are up to dynamic PDSCH scheduling. Which means that last PUCCH is quite vulnerable if multiple deferred HARQ-ACK are involved. In this situation, one-shot re-tranmission with alt.1 is quite proper solution. Meanwhiele, Alt. 2 make the problem even worse. 




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. At RAN#90, the following clarification on the focus was done: 
RAN conclusion on IIoT scope: 
· For handling of the PUCCH repetitions it is proposed to proceed as follows:
 RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
o The following items are not within scope of the continued discussions in the IIoT/URLLC WI:
 DMRS-less PUCCH with UCI payload up to 11 bits
 PUSCH-repetition-Type-B like PUCCH repetition
 DMRS bundling across PUCCH repetitions
 PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.
· For the UE CSI/HARQ-ACK feedback enhancements in the IIoT/URLLC WI, RAN1 work to continue the discussions. Status to be checked in March if any RAN level guidance needed.
· RAN1 to continue discussion on A-CSI on PUCCH, whether to specify or not.

The following related agreements were achieved: 
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition

Conclusion
The dynamic repetition indication solution for slot-based PUCCH repetition from the RAN1#105-e working assumption from Cov. Enh. WI can be directly applied for dynamic repetition indication for sub-slot based PUCCH repetition.

Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities

Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
The support is subject to independent UE capability indication

Agreement
To align with Rel-16 slot-based PUCCH repetition operation, support sub-slot based PUCCH repetition configured with / using nrofSlots (i.e., not using dynamic indication) of all UCI types (incl. HARQ, SR & CSI). 


Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 



Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement: Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.




Agreement
For PUCCH repetition enhancements:
· Support inter-slotFrequencyHopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for slot-based PUCCH configurations. 
· Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Formats 0, 1, 2, 3 and 4 for 7OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config. 
· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config. 
· Note: As for Rel-15, the configuration / enabling of inter-slotFrequencyHopping and intraSlotFrequencyHopping is not supported. 

Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.







4.1 Summary of companies input in their contributions 

Open issue on the RAN1#106bis-e working assumption: 
· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config. 

Confirm the WA: Nokia/NSB [5], Ericsson [6], Intel [11] (conditional on separate UE capability for inter-subslot FH of 2OS and 7OS), Samsung [16], 
Do not confirm: 

Other suggested enhancements of PUCCH repetition procedure: 
· Reducing the priority of a repetition according to the number of repetitions that have already been transmitted: Sony [9]


4.2 1st Round of email approvals
All input received (from 4 companies) suggest confirming the working assumption. Intel suggesting to make the support conditional on separate UE capability indication for 2OS and 7OS, which may be a good compromise here to move forward. 

Proposal 4.2.1: 
· Confirm the following RAN1 working assumption from RAN1#106bis-e: 
	· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config.


· Support separate UE capability indication of inter-subslot FH for PUCCH repetition operation for 2OS sub-slot based PUCCH configurations and 7OS sub-slot based PUCCH configurations. 
	Supporting companies 
	vivo, DOCOMO, Sony, Intel, QC, Sharp, CATT Huawei/Hisi, Xiaomi,OPPO, Nokia/NSB

	Objecting companies
	[Samsung]



	Company
	Comments 

	vivo
	If there is concern for the UE complexity to support it, we are fine with introducing separate UE capabilities.

	Intel
	Thanks for accommodating our suggestion. We are fully supportive.

	Samsung
	There is no relevance of whether the number of symbols is 2 or 7 and certainly there is no need to have different capabilities depending on number of symbols. What may be relevant in the SCS – at least for the SCS under consideration in this WI, there is no need for any capability. There is no difference from intra-slot PUCCH hopping in Rel-15. 

	
	



Type 1 HARQ CB based on sub-slot PUCCH config 
In this section, the Type 1 HARQ-ACK codebook support for sub-slot based PUCCH configuration is discussed. The following related agreements from previous meetings are available on this topic: 
	Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e

Agreement
For Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17, the TDRA pruning/grouping is performed per DL slot after TDRA determination per sub-slot.
· Strive to minimize the impact on relevant pseudo-code




5.1 Summary of companies input in their contributions 

No input on Type 1 HARQ CB based on sub-slot PUCCH config received. 
Moderator comment: therefore, no discussions planned during RAN1#107-e. 

PUCCH carrier switching for HARQ feedback 
In this section, PUCCH carrier switching (at least) for HARQ-ACK feedback is discussed. The following related agreements from previous meetings are available on this topic: 
Generic agreements (applicable to both, dynamic & semi-static PUCCH cell switching)
RAN1#103-e (Oct./Nov. 2021)
	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.



RAN1#104-e (Jan. 2021)
	Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study



RAN1#105-e (May 2021)
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 




RAN1#106-e (Aug. 2021)
	Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR



RAN1#106bis-e (Oct. 2021)
	Agreement
For PUCCH carrier switching, support PUCCH carrier switching only among different TDD cells with PUCCH configured on the NUL carrier in Rel-17

Agreement
For PUCCH cell switching, support independent TPC per PUCCH cell including
· Separate P0 / TPC configuration per PUCCH cell
· Note: This flexibility is already provided as PUCCH-config is per UL BWP of a PUCCH cell
· Accumulating closed loop power control commands only within the same PUCCH target cell by reusing Rel-15 procedure, i.e.
· For dynamic PUCCH cell indication, the TPC command in the DCI scheduling the PUCCH only applies for the dynamically indicated PUCCH target cell
· For semi-static / time-domain pattern, the TPC command in the DCI scheduling the PUCCH only applies for the determined PUCCH target (using the time-domain pattern)
· Separate TPC command indication using DCI format 2_2 for the individual PUCCH cells
· Note: this requires configuration of individual TPC command starting points for each PUCCH cell within DCI format 2_2

Agreement
For semi-static and dynamic indication of PUCCH cell switching, the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell for the first repetition. 

Agreement
PUCCH cell switching between 2 cells is supported in Rel-17. 




Semi-static PUCCH cell switching 
RAN1#106-e (Aug. 2021)
	Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 




RAN1#106bis-e (Oct. 2021)
	Agreement
For semi-static PUCCH cell switching, PCell / PSCell / PUCCH-SCell is reference cell:
· The time domain pattern configurations are based on the numerology of the reference cell. 
· The PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH cell switching pattern. 
· Note: There may not be a need to define a ‘reference cell’ in the specification. This terminology is used for further clarifications of the procedure. 

Agreement
For semi-static PUCCH cell switching, the time-domain pattern configuration is based on the following properties:
· A single time-domain pattern is configured per PUCCH cell group
· The granularity of the time-domain pattern is one slot of the PCell / PSCell / PUCCH-SCell reference cell 
· The time-domain pattern is applied periodically 
· FFS on period / pattern length (e.g., 10ms, RRC configured, …).
· The pattern defines for each slot of the PCell / PSCell / PUCCH-SCell reference cell at least the applicable target PUCCH cell

Agreement
For semi-static PUCCH cell switching, the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell. 

Agreement
The periodicity / length of the time-domain pattern for semi-static PUCCH cell switching is directly determined by the RRC configuraton of the time domain pattern pucchCellPattern 
· Note: pucchCellPattern has a variable length of (1… maxNrofSlots) 


Agreement
Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)
· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829

Agreement
Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 





PUCCH cell switching based on dynamic indication
RAN1#105-e (May 2021)
	Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.



RAN1#106-e (Aug. 2021)
	Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases



RAN1#106bis-e (Oct. 2021)
	Agreement
UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 


Agreement
For PUCCH cell switching based on dynamic indication in the DCI,  introduce a new, dedicated DCI field for the DCI scheduling PDSCH to indicate the target PUCCH cell. 

Agreement
In addition, the dynamic target PUCCH cell indication also applies to HARQ-ACK corresponding to SCell dormancy indication without scheduling PDSCH.

Agreement
Support PUCCH cell switching based on dynamic indication in the DCI using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The presence of the ‘PUCCH carrier switching’ bitfield in DCI format 1_2 is RRC configured. 

Conclusion
There is no consensus to support multiplexing of HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on the dynamically indicated PUCCH cell (other than PCell / PSCell / PUCCH-SCell) in Rel-17.
· FFS: further handling, incl. e.g., UE does not expect overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI or overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is to be dropped
· FFS: overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource





6.1 Summary of companies input in their contributions 

Generic for PUCCH carrier switching: 

DCI size alignment with PUCCH cell specific PUCCH config:
· PDSCH-to-HARQ_feedback timing indicator in DCI (under dynamic carrier switching), the bit width of the field should be determined by the largest K1 set among the K1 sets of all candidate PUCCH cells for switching: Huawei/HiSi, China Telecom [10], Intel [11] (no blind hypothesis testing), Mediatek [27]
· China Telecom [10]: if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 or 1_2, or the bit width of the PUCCH resource indicator in DCI format 1_2 for one PUCCH carrier is not equal to the same field for another PUCCH carrier, a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH carrier are the same

PUCCH cell switching FR2 support: 
· Yes: 
· No: Samsung [16]

TPC operation for PUCCH cells:
· Samsung [16]: Use the same RS for path-loss measurements as for PUSCH transmissions on the SCell or have a reference RS if no PUSCH transmissions (same as for SRS cell/carrier switching) – needed at least due to inter-band CA
· Mediatek [27]: A new DCI bit-field should be included in the DCI format 2_2 to indicate the PUCCH carrier to which the TPC command applies
· Moderator comment: in the current RRC parameter list we have already the starting index for the PUCCH sSCell, i.e. both can be informed to the UE.  

PUCCH spatial relation update: 
· Support to use MAC-CE to signal PUCCH spatial relation on Scell(s) with PUCCH cell switching: FGI/APT [22] (expand MAC CE to indicate more than one cell), Qualcomm [26] (reuse existing mechanism, MAC CE per PUCCH cell)
· Qualcomm [26]: If a PUCCH cell switching in a same slot resulting different PUCCH-spatialRelationInfo before and after the switching, the PUCCH cell switching is counted a “Tx beam change” event twice, where once with the original PUCCH cell and once with the target PUCCH cell.

Misaligned PUCCH configuration on different PUCCH cells:
· for example, sub-slot configuration, priority indication of PUCCH, SPS PDSCH only HARQ-ACK, and PUCCH repetition: FGI/APT [22]
· To handle misaligned PUCCH configuration, consider prohibiting some parameters in PUCCH-Config from being different or establishing some rules for PUCCH carrier switching
· Keep the same sub-slot/slot configuration for corresponding priority on the multiple PUCCH cells: DOCOMO [24]

New PHR type for PUCCH cell switching: 
· Samsung [16]: PHR for PUCCH on PUCCH-sSCell can be considered – if so, re-use the PHR for SRS cell switching
· Qualcomm [26]: use type 2 actual PHR to report PHR for an actual PUCCH transmission on Pcell or a Scell in a PUCCH group; use type 2 virtual PHR to report PUCCH PHR on Pcell or a Scell without actual PUCCH transmission in a PUCCH group

SR configuration per PUCCH cell in the PUCCH cell group
· Mediatek [27]: The scheduling request configuration (SchedulingRequestConfig) should be defined per PUCCH carrier in the PUCCH cell group
· Moderator: the SchedulingRequestConfig is configured per MAC cell group, but the related SchedulingRequestResourceConfig is part of PUCCH config. Therefore, we already have the option to configure different SchedulingRequestResourceConfig for different UL BWPs of different PUCCH cells already? (as the PUCCH config is per UL BWP of a PUCCH cell as agreed)

Other: 
· Qualcomm [26]: RAN1 to study how to support joint operation of PUCCH cell switch, parallel PUCCH/PUSCH transmission, and intra-UE multiplexing.
· Mediatek [27]: The PUCCH carrier switching should be only within the configured UL carriers
· Moderator comment: We have already the following agreement in place that should handle this situation
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.
· Mediatek [27]: UE reports if the Rel-16 Tx switching time is needed for the Rel-17 PUCCH carrier switching
· Moderator comment: We have already the following agreement in place that should handle this situation? The agreement had been made to prevent any needed discussions on TX switching delays… 
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.
· Mediatek [27]: HARQ-ACK codebook per PUCCH carrier to be supported
· Mediatek [27]: If LP-PUCCH transmission is overlapping with HP-CG-PUSCH, the UE prioritizes the transmission of PUSCH and the gNB needs to re-schedule the PUCCH transmission on different or same carrier. For HP-PUCCH re-use Rel-16 prioritization rules: Mediatek [16]

PUCCH carrier switching based on dynamic indication: 

Input on the following FFS have been indicated: 
	Conclusion
There is no consensus to support multiplexing of HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on the dynamically indicated PUCCH cell (other than PCell / PSCell / PUCCH-SCell) in Rel-17.
· FFS: further handling, incl. e.g., UE does not expect overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI or overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is to be dropped
· FFS: overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource



FFS on Further handling: 
· Alt. 1 (8): UE does not expect overlapping: Huawei/HiSi [1], ZTE [2], China Telecom [10], Xiaomi [12], Lenovo/Motorola [19] (ensured by gNB implementation), TCL [23], Mediatek [27], CAICT [28]
· Alt 2 (4-5): Drop HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI: Nokia/NSB [5], Ericsson [6] (first determine PUCCH cell and then perform UCI multiplexing), CATT [7], NEC [15]
· Alt. 2a: UE does not expect HARQ-ACK – drop SR and P/SP-CSI: LGE [21] 

FFS on Overlapping definition: 
· Reuse legacy definition (5): Overlapping slots for HARQ and overlapping PUCCH resources for other UCI types: vivo [3], Ericsson [6] (?), NEC [15], LGE [21], Mediatek [27]
· Overlapping slots (4): Huawei/HiSi [1], Nokia/NSB [5], China Telecom [10], CAICT [28]
· the granularity of the PUCCH slot/sub-slot should be based on the smallest SCS or largest slot length: Huawei/HiSi [1]


Type 1 CB construction: 
· Based on K1 set(s) for DCI format(s) which are enabled for dynamic indication: DOCOMO [24]

Other: 
· Carrier indication in the activation DCI is only applied for the first SPS HARQ-ACK occasion: Huawei/HiSi [1]
· For dynamic HARQ-ACK scheduled by fallback DCI with DCI format 1_0, the HARQ is transmitted on PCell: Huawei/HiSi [1]
· UE doesn’t expect receive a DCI indicating PUCCH cell switching during a PUCCH repetition bundle: OPPO [8]
· 3 proposals by China Telecom [10] (Proposal 3: mixed SCS supported, Proposal 4: handling of multiplexing from PCell to Scell, Proposal 5: for Type 1 CB same k1 sets & aligned slot boundaries)
· Moderator: as we said there is no multiplexing from PCell to PUCCH sSCell, this seems to be not needed anymore
· Multiple carriers switching leading to the same initial carrier is allowed: Mediatek [27]
· Moderator comment: We have already the agreement, that the same carrier should be indicated!?


PUCCH carrier switching based on semi-static configuration / time-domain pattern: 

Time domain pattern configuration: 
· Qualcomm [26]: Support semi-static PUCCH carrier switching per PHY priority (e.g., only HP HARQ)
· Qualcomm [26]: only for certain traffic types - for SPS HARQ corresponding to SPS occasion about to expire, i.e. N slots prior to the arrival of the new SPS occurrence


Mixed numerology handling: 
For the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1 (16): the first target PUCCH slot overlapping with the PCell slot: Huawei/HiSi [1], vivo [3], Spreadtrum [4], CATT [7], China Telecom [10], Samsung [16], Apple [18], Lenovo/Motorola [19], ETRI [20], LGE [21], FGI/APT [22], TCL [23], DOCOMO [24], Qualcomm [26], Mediatek [27], CAICT [28]
· Alt. 3 (7): using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot): ZTE [2], Nokia/NSB [5], Ericsson [6], Intel [11], CMCC [13], Panasonic [14], ITRI [25], 

For switching to longer PUCCH slot length on the target cell compared to the reference cell:
· Alt. 2 (8): the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot.
· Support: Huawei/HiSi [1], Nokia/NSB [5], Ericsson [6], CATT [7], China Telecom [10], ETRI [20], FGI/APT [22], Mediatek [27]  
· Alt. 4 (12): the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.
· Support: ZTE [2], vivo [3], Spreadtrum [4], CMCC [13], Samsung [16], Apple [18], Lenovo/Motorola [19], TCL [23], DOCOMO [24], ITRI [25], Qualcomm [26], CAICT [28]
· Other: 
· On an overlapping slot, the UE considers the latest UCI for each type: Panasonic [14]

Alignment of PUCCH switching points with PUCCH slot boundaries: 
· Support RAN1#107-e Proposal “For PUCCH cell switching based on semi-static patterns, the UE does not expect a time-domain pattern configuration where the PUCCH cell switching point would not be aligned with the slot or sub-slot boundary of the secondary PUCCH cell”: Nokia/NSB [5], CATT [7] 

SCell actication / deactivation (if PUCCH sSCell is deactivated)
· if a UL slot on the SCell doesn’t overlap with a PCell UL slot, UE would consider the target PUCCH cell is invalid and falls back to the single cell (i.e. PCell) case: Huawei/HiSi [1], DOCOMO [24], Qualcomm [26]
· if a UL slot on the SCell overlaps with a PCell UL slot, PCell should be configured as the target PUCCH Cell for the overlapped UL slot based on gNB implementation to avoid the impact of SCell deactivation: Huawei/HiSi [1]

PUCCH repetition operation: 
· Alt. 1 (5): The target cell is determined for each PUCCH repetition individually (i.e., switching within the repetition bundle supported): OPPO [8], Panasonic [14], Samsung [16], ETRI [20] (for same numerology / slot length), Mediatek [27]
· Alt. 2 (9): A PUCCH repetition mapping to a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported: ZTE [2], vivo [3], Nokia/NSB [5], Ericsson [6], Intel [11], NEC [15], ETRI [20] (for different SCS / PUCCH slot length), LGE [21] (regard slot mapped to different slot as invalid slot),  DoCoMo [24] (drop PUCCH repetitions mapped to a different PUCCH cell)
· Other: the Rel-15 design should be used. i.e. PUCCH repetitions will resume after DL slots on the same PUCCH carrier: Mediatek [27]

HARQ-ACK codebook construction:
· Type 1 CB uses the K1 set(s) configured for the PCell / SPCell / PUCCH SCell: China Telecom [10], LGE [21] (in general), DOCOMO [24] (also for dynamically indicated cell switching), CAICT [28]
· Type 2 CB: Type 2 HARQ-ACK CB construction (based on the k1 interpretation of the PCell / SPCell / PUCCH Cell) can be directly reused: China Telecom [10], LGE [21] (in general), DOCOMO [24], CAICT [28]

PUCCH resource determination for SR & CSI:
· discuss how UE determines PUCCH resource for SR/CSI transmission on the target (switched) cell: LGE [21]
· Moderator comment: we have independent SR resource configuration and CSI resource configuration per PUCCH config (i.e. per PUCCH cell & UL BWP). Is there anything needed on top of that?


Other: 
· Apple [18]: the time-domain pattern configuration has the same periodicity as the TDD-UL-DL-Pattern
· Moderator: we have already an agreement in place that clarifies this without restriction
Agreement
The periodicity / length of the time-domain pattern for semi-static PUCCH cell switching is directly determined by the RRC configuraton of the time domain pattern pucchCellPattern 
· Note: pucchCellPattern has a variable length of (1… maxNrofSlots) 


Joint operation of dynamic indication and semi-static configuration: 

General support for joint operation: 
· Yes: Huawei / HiSi [1], vivo [3], Nokia/NSB [5] (with some restrictions for Type 1 CB), Ericsson [6], CATT [7] (?), Panasonic [14], NEC [15], FGI/APT [22], DOCOMO [24], Qualcomm [26]
Details: 
· Dynamic PUCCH cell switching overriding semi-static PUCCH cell switching: ZTE [2], Nokia/NSB [5] (from principle point of view), Ericsson [6], Panasonic [14], NEC [15], FGI/APT [22], DOCOMO [24], Qualcomm [26]
· the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on Cell#1 subject to the semi-static PUCCH Cell pattern with dynamically indicated HARQ-ACK on Cell#2: Huawei/HiSi [1], vivo [3] (i.e. apply the dynamic indication rules)
· Restriction for Type 1 HARQ-ACK CB - not expect to be configured with different slot/sub-slot lengths on PCell and sSCell and/or differently configured k1 sets: Nokia/NSB [5]
· UE does not expect that the dynamically indicated target PUCCH cell is different from the PUCCH cell determined by switching pattern: CATT [7]
· Moderator comment: But wouldn’t this mean to just not to support the joint operation, and gNB configuring the semi-static pattern only (.. if anyhow the same PUCCH cell would need to be indicated, and then no additional DCI overhead)!? 
· Necessary to define which sets of HARQ-ACK timing values (configured for which cell) would be used for HARQ-ACK codebook construction: LGE [21]


6.2 1st Round of email approvals

[bookmark: _Hlk87017184]Generic (applicable to both modes)
DCI size alignment with PUCCH cell specific PUCCH config:
Several companies raise the issue of DCI field size alignment that is needed considering PUCCH cell specific PUCCH configurations, specifically considering the size of the PRI (for DCI format 1_2) and PDSCH-to-HARQ_feedback timing indicator (for DCI format 1_1 and 1_2).
Not sure if this is an agreement or a conclusion, either way, let’s see if we can agree to the following proposed conclusion: 
Proposed conclusion 6.2.1: For PUCCH cell switching DCI field size alignment is done by:
· For dynamic PUCCH cell switching, the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 and 1_2 is determined by the largest K1 set among the K1 sets of all candidate PUCCH cells for PUCCH cell switching based on dynamic indication
· i.e., a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same
· Note: for semi-static PUCCH cell switching only the K1 set of PCell is needed
· For semi-static and dynamic PUCCH cell switching, the bit width of the PRI field in DCI format 1_2 is determined by the largest value of numberOfBitsForPUCCH-ResourceIndicatorDCI-1-2 of all PUCCH cells 
· i.e., a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same
	Supporting companies
	Nokia/NSB, vivo, DOCOMO, Panasonic, QC, Ericsson, Sharp,TCL,NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, Xiaomi,OPPO…  

	Objecting companies
	Samsung, LG



	Company
	Comments 

	Intel
	In our understanding there could be one more field which depends on PUCCH cell: ChannelAccess-CPext.
In general we are fine with the direction.

	Samsung
	The PCell should remain reference – there is no need to change the DCI design according to the PUCCH-sSCell – it is not the primary cell. The gNB can configure the size of K1 set as needed and the controls the indication for k1.

	LG
	We also think it can be solved by gNB configuration without any harmful effect. (there is no scheduling restriction even). Moreover, we can simply re-use the way to interpret DCI for BWP switching or carrier switching if needed. There is no need to specify another UE behavior for the same purpose. 

	
	

	
	





Spatial relation determination:
As mentioned by some companies and also noted by the 38.213 editor (in the first draft CR), we need to decide if the spatial relation for the alternative PUCCH SCell is separately ‘activated’ by MAC CE or not. Let’s try to see if we can agree for separate MAC CE activation of the spatial relation information. Changes to the MAC-CE (if having a single MAC-CE, or transmitting independent MAC-CEs for PCell & PUCCH sSCell) is up to RAN2. 
Proposal 6.2.2: For PUCCH cell switching,  support MAC CE activation indicating a value of pucch-SpatialRelationInfoId applicable to the alternative PUCCH SCell. 
· Inform RAN2 about this decision

	Supporting companies
	Nokia/NSB, vivo, DOCOMO, Intel, QC (with an editorial comment), Ericsson,TCL,NEC, CATT, Huawei/Hisi, ZTE, Xiaomi,OPPO…  

	Objecting companies
	Samsung



	Company
	Comments 

	Samsung
	Prefer to not extend support to FR2 – it has the possibility of substantial work during maintainance, it is unlikely to be complete (especially considering all the Rel-16/Rel-17 designs), and is unnecessary as the slot duration is short in FR2 and there is no latency issue (e.g. “sub-slot” is not defined even for 60 kHz). PUCCH cell switching should stay within “only necessary specifications” even in FR1, instead of expanding to unnecessary specifications/use cases. 

	QC
	We support the proposal in general. We just have an editorial comment
The wording “a value of pucch-SpatialRelationInfoId applicable to the alternative PUCCH SCell” seems not accurate. In Rel-16, One MAC-CE indicate a mapping of multiple PUCCH-sptialRelationInfos to multiple PUCCH resources for a cell, as shown in the figure below. The current wording “a value of pucch-SpatialRelationInfoId…” might be mis-interpret as a common pucch-SpatialRelationInfoId is applied to all PUCCH resources for a PUCCH SCell. Suggest the following change:
“a set of values of pucch-SpatialRelationInfoId applicable to the alternative PUCCH sSCell”
 The change “sSCell” is to follow the notation of current Rel-17 213 spec.  




	
	

	
	

	
	



Moreover, the 38.213 editor further noted, that we may also need to decide the spatial setting for PUCCH transmission rom the UE in case there is nothing provided. Hereby the following parts of 38.213 Sec. 9.2.2 are referenced, with the question being if we should use the ‘cell of PUCCH transmission’ instead of ‘PCell’:
	If a UE
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPL-ForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, and
-	is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell. 


 
As this is again a binary decision to keep it as PCell, or consider here the spatial setting of the cell for PUCCH transmission (i.e., either  PCell if PUCCH on PCell or PUCCH sSCell if PUCCH on PUCCH sSCell) I bring forward a proposal to have this based on the ‘cell of PUCCH transmission’. 
Proposal 6.2.3: For PUCCH cell switching, if no spatial setting is provided to the UE, a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the cell of PUCCH transmission. 

	Supporting companies
	Nokia/NSB, vivo, DOCOMO, Intel, QC, Ericsson, CATT Huawei/Hisi, ZTE, Xiaomi,OPPO

	Objecting companies
	Samsung



	Company
	Comments 

	Samsung
	Same reasons as before. Why is the UE mandated to be configured DL CA? If configured with DL CA, why should the PUCCH-sCell be mandated for self-scheduling? Will beam failure recovery also be supported on the PUCCH-sCell? … No need to port the whole beam-related MIMO specifciations in order to support PUCCH cell switching when it is not even needed in FR2.

	
	

	
	

	
	



Further Final on TPC operation 
The 38.213 editor noted in the draft Rel-17 CR, that it would be good to have an agreement, if the DL pathloss reference for the PUCCH TPC operation for the alternative is the PUCCH cell (or otherwise, would be the PCell/SPCell/PUCCH SCell). Clearly, considering different (non-collocated) CA deployments using the alternative PUCCH cell as the reference would sound logical. 
Let’s see if the following is agreeable, otherwise, the currently available ‘primary cells’ (PCell/SPCell/PUCCH SCell) would need to be used. 
Proposal 6.2.4: For PUCCH cell switching and a PUCCH transmission on the alternative PUCCH cell, the alternative PUCCH cell is used to derive the downlink pathloss estimate PLb,f,c(qd) (i.e., the same pathloss reference as for a PUSCH transmission on the alternative PUCCH cell is used). 

	Supporting companies
	Nokia/NSB, vivo, DOCOMO, Intel, Panasonic, Samsung, CATT Huawei/Hisi, ZTE, Xiaomi,OPPO

	Objecting companies
	QC



	Company
	Comments 

	QC
	Some discussion is needed here. Besides the approach in this proposal or the approach suggested by editor, there is another approach which is to determine pathloss estimation for PUCCH on sScell based on dedicated PUCCH-PathlossReferenceRS configured on sScell – just like RRC configurate dedicated PUCCH resources on sScell, RRC should also configure PC related parameters for sScell.  

	
	

	
	

	
	

	
	



Applicable k1 set(s) for Type 1 CB construction (and related UL BWP change)
The editor 38.213 moreover noted in the draft CR, that we need to define the change of a UL BWP on the alternative PUCCH cell should be taken into account in the Type 1 HARQ-ACK codebook generation, i.e. which cell defines the k1 in terms of Type 1 HARQ-ACK codebook construction.
The moderator tried to have such agreement in the last meeting already, but then companies thought there is no need for such agreement. But it seems such agreement would be helpful here to define the applicable k1 set(s) and accordingly, for this case the correct operation in case of an UL BWP change.  
We have already the related agreements in place on the interpretation of the k1 values for dynamic PUCCH cell switching (i.e., based on the indicated PUCCH cell) and for semi-static PUCCH cell switching (based on the PCell). 
Just to make this clear again (and as proposed by some companies in their TDocs), let’s agree this as a conclusion to be able to make the final adjustments in the Type 1 HARQ-ACK codebook section for PUCCH cell switching. 
Proposed Conclusion 6.2.5: The Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
· of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching; and
· of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 

	Supporting companies
	Nokia/NSB, vivo, DOCOMO (with clarification), Intel, Panasonic,TCL,NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, LG, Xiaomi,OPPO

	Objecting companies
	Samsung, QC (not real objection, but need clarification)



	Company
	Comments 

	DOCOMO
	For dynamic PUCCH cell switching, the K1 set should be based on which DCI format(s) is/are configured for dynamic PUCCH cell switching. Therefore, we suggest following modification:
Proposed Conclusion 6.2.5: The Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
· of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching; and
of the dynamically indicated PUCCH cell for applicable DCI formats for dynamic PUCCH cell switching 

	Moderator
	@DOCOMO: 
Also for the 2nd PUCCH config (i.e. HP CB) we do not just consider the CBs there in R16 (also there we have both DCI format 1_1 and 1_2 conditions already, but do not distinguish if the PHY priority indication for DCI format 1_2 is configured!??). 
i.e. does DCM think a change to the pseudo code here would be needed?

a) on a set of slot timing values 𝐾1 associated with the active UL BWP
a) If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for
either DCI format 1_1 or DCI format 1_2 on serving cell 𝑐, 𝐾1 is provided by the slot timing values {1, 2,
3, 4, 5, 6, 7, 8}
b) If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for
DCI format 1_2 for serving cell 𝑐, 𝐾1 is provided by dl-DataToUL-ACK
c) If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for
DCI format 1_1 for serving cell 𝑐, 𝐾1 is provided by dl-DataToUL-ACK-ForDCIFormat1_2
d) If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell 𝑐, 𝐾1 is provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2


	Samsung
	It should be the cell of the PUCCH transmission – always – no matter of DCI-based or RRC-based cell switching. Also, Type-1 cannot be generated if the UE cannot transmit PUCCH in a slot – i.e. the proposal for RRC-based switching does not work.

	QC
	Like we commented in last meeting, we think the scope of “semi-static PUCCH cell switch” is needed. Does the “semi-static PUCCH cell switch” only cover SPS A/N or it covers A/N scheduled by legacy DCI without the PUCCH sScell indicator field? If only SPS A/N is covered, there we don’t think the first subbulet is needed, because there is no K1 set nor type 1 codebook concept for SPS A/N. If legacy DCI without the PUCCH sScell indicator field is also covered by the proposal, then the first bullet makes sense. 
So, we suggest to clarify the scope of “semi-static PUCCH cell switch” first before we can agree on this proposal. 

	DOCOMO2
	To moderator: 
Thanks for moderator giving another example for HP HARQ-ACK type 1 CB generation. I can understand the case is similar to HP HARQ-ACK type 1 CB generation case. From our perspective, we prefer to also change the K1 set determination for both cases, in order to reduce type 1 HARQ-ACK CB redundancy. But handling for HP HARQ-ACK type 1 CB generation seems out of scope now, we may discuss it separately in Rel-16 CR. For the discussion poit herePUCCH cell switching which is a new design, we think there is not much additional effort to have such optimization, i.e. only consider K1 set for DCI format enabled for PUCCH cell indication.
To Qualcomm: 
In our understanding, we are discussing stand-alone semi-static PUCCH cell switching for the first sub-bullet, instead of joint operation with dynamic PUCCH cell switching. So let’s forget dynamic PUCCH indication. We think it can cover all HARQ-ACK including both dynamic HARQ-ACK and SPS HARQ-ACK.

	ZTE
	For dynamic PUCCH cell switch, the Type-1 codebook mechanism could reuse the Pcell codebook construction, i.e., regard the dynamic indicated PUCCH cell as PCell when constructing the codebook. 

	LG
	We are fine with the proposal. 
Just for clarification, we would like to add “FFS: when both dynamic and semi-static switching are enabled.”, in order to show two of sub-bullets doesn’t work jointly. 





PUCCH carrier switching based on dynamic indication: 

UE does not expect UCI on PCell versus drop UCI on PCell:
Based on the input given, a majority of 8 companies compared to 5 companies prefer ‘UE does not expect overlapping UCI on PCell if dynamic HARQ-ACK is scheduled for reporting on the alternative PUCCH cell’. 
Let’s see if we can go with the majority decision here directly (whereas the overlapping definition, based on the rather close support more discussion may be needed): 

Proposal 6.2.6: For dynamic PUCCH cell switching, the UE does not expect UCI on PCell /SPCell / PUCCH SCell to overlap with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· FFS on ‘overlapping definition’

	Supporting companies
	Intel, Panasonic, Samsung, NEC Huawei/Hisi, Xiaomi

	Objecting companies
	CATT



	Company
	Comments 

	DOCOMO
	We are fine with the principle of the proposal that no overlapping of UCIs on different PUCCH cells. But now we are not sure about whether the wording “HARQ-ACK on the dynamically indicated alternative PUCCH cell” is too restricted here. Maybe more general description that “no overlapping of UCIs on different PUCCH cells” is more reasonable.
In our understanding, the controversial point is whether there can be any configured CSI PUCCH on the alternative PUCCH cell other than PCell/PScell/PUCCH-Scell. We have agreed that semi-static PUCCH cell switching for CSI/SR in previous meetings. However, the procedure of cell switching for CSI PUCCH would not be totally same as for HARQ-ACK. For HARQ-ACK, we can determine HARQ-ACK PUCCH resource on alternative PUCCH cell based on slot, HARQ-ACK payload size and PRI as in Rel-16. However, we can’t perform similar procedure for CSI PUCCH since there is no such CSI PUCCH resource selection rule in Rel-16 (unless multiple CSI multiplexing). Therefore, our previous assumption is that PUCCH cell switching for CSI PUCCH is realized by configuring CSI PUCCH reporting on multiple PUCCH cells. With such assumption, semi-satic CSI PUCCH may also be on the alternative PUCCH cell.
Maybe the above comment related with CSI is not consistent with the question here, but we think the proposal discussed here should also be considered for configured PUCCH on alternative PUCCH cell if any. We are also fine to agree with the proposal now, if we consider the issue in later step.

	Samsung
	OK in general although the ‘overlapping definition’ is an important aspect. The UE operation should be same for DCI-based and RRC-based PUCCH cell switching with respect to multiplexing procedures.

	QC
	We are fine with the principle of this proposal. But isn’t the agreement in last meeting already covered this?
Agreement
UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 

	DOCOMO2
	To Qualcomm: We think the proposal is wider than the previous agreement. Since the previous agreement is discussing “overlapping PUCCH slots with dynamic PUCCH cell indication”. While the current proposal is talking about the case “one PUCCH slot without PUCCH cell indication, another PUCCH cell with dynamic PUCCH cell indication.” 
Agreement
UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot.

	CATT
	We think this put unnecessary restriction to gNB scheduling. With the following alternative, there is no issue.
If UCI on PCell/PScell/PUCCH-Scell overlaps with PUCCH on dynamically indicated Scell, UE drops the PUCCH on PCell/PScell/PUCCH-Scell and transmits PUCCH on dynamically indicated Scell.

	ZTE
	Need clarification. Does the proposal allow the non-overlapping UCI in PCell and HARQ in Scell in the same slot can be both transmitted? 

	LG
	Ok with the principle, but it seems that HARQ-ACK PUCCH scheduling would be higly restricted, considering frequent SR/CSI allocation of URLLC scenario. We suggest to make the proposal limit to HARQ-ACK for now. 
Proposal 6.2.6: For dynamic PUCCH cell switching, the UE does not expect HARQ-ACK on PCell /SPCell / PUCCH SCell to overlap with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· FFS on ‘overlapping definition’
· FFS on other UCI




 
[bookmark: _Hlk87017259]PUCCH carrier switching based on semi-static configuration / time-domain pattern: 

Pattern configuration and applicability details: 
First, it should be rather clear already, that the pattern should be independently / separately configurable for the primary PUCCH cell group (based on the PCell numerology) and the secondary PUCCH cell group (based on the PUCCH Scell numerology). But just to prevent and hick-ups in the RRC parameter discussions, it may be worth clarifying this with an agreement. 
Proposal 6.2.7: The time-domain pattern for semi-static PUCCH cell switching is separately configurable for the primary and secondary PUCCH cell group. 
	Supporting companies
	Nokia/NSB, vivo, DOCOMO, Intel, Panasonic, QC, Ericsson, NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, Xiaomi

	Objecting companies
	Samsung



	Company
	Comments 

	Samsung
	Both PUCCH cell switching and PUCCH cell group require inter-band UL CA. It is not possible to support both at the same time, and there is no need for specifications that do not reflect any actual deployments in any foresseable future.

	
	

	
	

	
	

	
	



Moreover, the 38.213 editor commented in the draft CR, that it would be good to clarify how the semi-static PUCCCH cell switching operation within a PUCCH cell group is taking DCI based UL BWP changes on PCell / SPCell / PUCCH SCell into account (i.e., change of SCS) and if the same pattern applies to all BWPs (of potentially different SCS) or not. 
It should be noted that the PUCCH carrier switching is now limited to TDD cells and the operation somehow intended to take different UL/DL configurations on different cells into account. The TDD UL / DL configurations in tdd-UL-DL-ConfigurationCommon and tdd-UL-DLConfigurationDedicated are applicable for all UL BWPs and are based on the configured referenceSubcarrierSpacing. The relevant parts from 38.213 Sec. 11.1  are summarized below: 
	The tdd-UL-DL-ConfigurationCommon provides
-	a reference SCS configuration [image: ] by referenceSubcarrierSpacing
-	a pattern1. 
….
A UE expects that the reference SCS configuration [image: ] is smaller than or equal to a SCS configuration [image: ] for any configured DL BWP or UL BWP. Each slot provided by pattern1 or pattern2 is applicable to [image: ] consecutive slots in the active DL BWP or the active UL BWP where the first slot starts at a same time as a first slot for the reference SCS configuration [image: ] and each downlink or flexible or uplink symbol for the reference SCS configuration [image: ] corresponds to [image: ] consecutive downlink or flexible or uplink symbols for the SCS configuration [image: ]. 
If the UE is additionally provided tdd-UL-DL-ConfigurationDedicated, the parameter tdd-UL-DL-ConfigurationDedicated overrides only flexible symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon. 
…..

For each slot configuration provided by tdd-UL-DL-ConfigurationDedicated, a reference SCS configuration is the
reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon.

A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the slot configuration period are determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DLConfigurationDedicated and are common to each configured BWP.



As also the TDD UL/DL pattern is basically only defined by the reference SCS and for higher SCS, the number of DL slots / UL slots / DL symbols / UL symbols / flexible symbols is basically always scaled with  [image: ], it seems it would be logical here to define the PUCCH cell switching pattern also in terms of the reference SCS determined by referenceSubcarrierSpacing. Of course, there could be still UL BWP specific configuration possible, but this flexibility is also not provided for the TDD UL/DL configuration and therefore does not seem to be really needed. 
Proposal 6.2.8: The time-domain pattern for semi-static PUCCH cell switching is based on the reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon and is common to each configured UL BWP (of PCell / SPCell / PUCCH SCell). 
	Supporting companies
	Nokia/NSB, DOCOMO, Intel, Panasonic, Samsung, Ericsson, NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, Xiaomi

	Objecting companies
	QC (some clarification is needed), LG (Question)



	Company
	Comments 

	QC
	We are not sure what is the intention of this proposal. For a given PCell / SPCell / PUCCH SCell, yes, BWP might change from BWP A to BWP B within the cell. But this BWP change does not change numerology. It seems the agreement we made in last meeting which settle down the PCell / SPCell / PUCCH SCell as reference cell for time pattern is sufficient.  We are not sure why this proposal is needed. Can FL please clarify? 

	LG
	We share Qualcomm’s view. Isn’t it duplicated with previous agreement using a slot of primary cell as unit of time pattern?

	
	

	
	

	
	



Mixed numerology handling: 
For the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), 16 companies indicated to use the first target PUCCH slot (Alt. 1) whereas 7 companies suggest using some higher layer configured ‘slot_offset’ (Alt. 3). Looking at this strong majority, the following proposal is brought forward for email approval based on the rather large majority input: 

Proposal 6.2.9: For PUCCH cell switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e., multiple target PUCCH cell slots overlapping with a single PCell slot),  adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
	Supporting companies
	Vivo, DOCOMO, Samsung, QC, Ericsson, NEC, CATT, Spreadtrum Huawei/Hisi, LG, Xiaomi

	Objecting companies
	Panasonic, ZTE, Ericsson



	Company
	Comments 

	Intel
	We just want to point out that the popular argument of ‘low latency’ for Alt.1 does not make much sense. Due to ‘ceiling’ operation for determining the closest possible PUCCH resource after processing time, the closest PUCCH resource may be determined even later for Alt.1 than Alt.3. In average, the latency is the same for the two different alternatives, while Alt.3 allows to distribute PUCCH resource among all slots of the target cell.

	Panasonic
	This proposal has several disadvantages. First of all, the first overlapping slot might be configured for DL, while the later one(s) configured for UL. With this proposal, the whole overlapping slots would be considered as invalid. In addition, using the first overlapping slot brings unnecessary scheduling limitations for the network and also interference when a large number of UEs are scheduled. Defining the slot-offset values does not bring much burden since it is set by RRC.
We propose to include the slot-offest as optional parameter for RRC configuration, in case is not provided, the UE would use the first overlapping slot if it is available.

	Samsung
	Consistent with “minimize latency”, “minimize spec impact”.

	Ericsson
	As the porponet of Alt-3, having rules such as selecting first slot, etc. all, limits the usefulness of the feature, It should be up to NW to decide and provide the configuration. UE simply follows. Hence, from both performance and reduced complexity it is superior.

	ZTE
	Alt.1 may cause complicated timeline consideration. For example, The PUCCH in PCell is at the end 2 symbols of UL slot, but the first sub-slot of Scell aligns the head of slot of PCell. The gap is too large and may need more restriction on timeline requirement.





For switching to longer PUCCH slot length on the target cell compared to the reference cell with the down-selection between Alt. 2 and Alt. 4, 8 companies support Alt. 2 whereas 12 companies are supporting Alt. 4. Looking at the good majority here, it is proposed to go with the majority view of Alt. 4. 

Proposal 6.2.10: For PUCCH cell switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, adopt Alt. 4, i.e., the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 

	Supporting companies
	Vivo, DOCOMO, Intel, Panasonic, QC, CATT, Spreadtrum Huawei/Hisi, ZTE, LG, Xiaomi

	Objecting companies
	Samsung



	Company
	Comments 

	Samsung
	No use case for the PUCCH-sCell SCS to be smaller than the PCell SCS. RAN1 made similar agreements for several WIs, including for Rel-17 DSS and for Rel-16 cross-carrier scheduling with different SCS (although having a scheduling cell with larger SCS was eventually allowed under the assumption of no additional specification impact).
Even if having a PCell with larger SCS than the PUCCH-sSCell is allowed, there is no need for the above proposal as the UE behaviour can be left undefined since there will not be any specification support (at least for multiplexing procedures).

	Ericsson
	From our point of view, this can be achieved by slot-offset. Therefore, we see a dependency between these two proposals.

	CATT
	We can accept this for the sake of progress.

	Huawei/Hisi
	We can live with Alt.4

	LG
	@Samsung:
We think the proposal eventually implies PCell would have same or smaller SCS than PUCCH-sCell. Is it correct understanding?




SCell actication / deactivation (if PUCCH sSCell is deactivated)
Some companies raise the issue, that the alternative PUCCH Cell (i.e. PUCCH sSCell) is deactivated although the time domain pattern is configured, and suggest then to keep the UCI on the PCell / SPCell / PUCCH cell. For dynamic PUCCH cell switching this would be under gNB control, but maybe we could add some statement here also that the UE does not expect an indication there. 

Proposal 6.2.11: For PUCCH cell switching, if the alternative PUCCH cell (i.e. PUCCH sCell) is deactivated,  
· for semi-static PUCCH cell switching, the UE does not apply time-domain pattern and the UCI is to be transmitted on PCell / SPCell / PUCCH SCell. 
· for PUCCH cell switching based on dynamic PUCCH cell indication, the UE does expect to be indicated with a PUCCH transmission on the alternative PUCCH cell being deactivated. 

	Supporting companies
	Nokia/NSB, vivo, DOCOMO, Intel, Panasonic, QC, Ericsson, NEC, CATT, ZTE ,Xiaomi…

	Objecting companies
	Samsung Huawei/Hisi



	Company
	Comments 

	Samsung
	No need for the second sub-bullet – it falls under the general statement in 38.213 where a UE discards DCI formats with inconsistent information. 
FFS for the first sub-bullet – there is a similar discussion in DSS about what happens when a scheduling sSCell for the PCell is deactivated – it is likely that nothing changes. That will also be consistent of not making any changes (e.g. for cells included in the Type-1/Type-3 CB) due to deactivation/dormancy. That would be also be OK for PUCCH cell switching as the gNB should not configure the UE to transmit PUCCH on the PUCCH-sSCell when the UE can transmit PUCCH on the PCell.

	Huawei/Hisi
	The question is if there is UL slot for both PCell and SCell, there is no necessity for the gNB to configure the pattern to be the SCell. Take the figure for instance, for slot#3, the target cell is configured as SCell because there is no UL at PCell; in this case, it makes no sense to fall back to PCell as there is no UL at PCell. For Slot#4, the slot is UL for both PCell and SCell, then why not configure the target Cell as PCell, so the UE can always transmit UCI on PCell without suffering the impact of deactivating the SCell.
[image: ]

Proposal 6.2.11: For PUCCH cell switching, if the alternative PUCCH cell (i.e. PUCCH sCell) is deactivated,  
· for semi-static PUCCH cell switching, the UE does not apply time-domain pattern and the UCI is to be transmitted on expect the target Cell is not configured as PCell / SPCell / PUCCH SCell on the UL slot of PCell / SPCell / PUCCH SCell. 
· for PUCCH cell switching based on dynamic PUCCH cell indication, the UE does expect to be indicated with a PUCCH transmission on the alternative PUCCH cell being deactivated. 

	
	

	
	

	
	




Interaction with PUCCH repetition operation: 
Based on the input received, 9 companies think PUCCH carrier swithing within a PUCCH repetition bundle should not be supported whereas 5 companies suggest to apply the PUCCH target cell determination per PUCCH repetition. Based on majority view (9 versus 5), it is suggested to not support such switching. 
Looking at the PUCCH repetition framework, it is not possible to multiplex different UCI types on a PUCCH repetition. Therefore, there is actually no need to drop PUCCH repetitions with a time domain pattern indiciation on a different PUCCH cell (as suggested by some companies) but the UE could just continue to transmit on the determined PUCCH cell of the first repetition preventing unnecessary PUCCH repetition dropping.   
Proposal 6.2.12: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· After determining the PUCCH cell for the first repetition, the UE continues the Rel-16 PUCCH repetition operation on the determined PUCCH cell (i.e., without considering the PUCCH cell time-domain pattern). 

	Supporting companies
	Nokia/NSB, DOCOMO, Intel, Panasonic, QC, Sharp, NEC, CATT Huawei/Hisi, ZTE, LG(but have concern on feasibility), Xiaomi  …

	Objecting companies
	Samsung



	Company
	Comments 

	Samsung
	There is no technical reason for a UE to not follow the pattern when transmitting PUCCH with repetitions. There is also no specification/implementation impact other than the cell switching itself. There is also no benefit from supporting (sort of) PUCCH cell switching for repetitions when there is really no PUCCH cell switching for the repetitions according to the proposal. Either the behaviour should be same as for no repetitions (UE follows the pattern) or simultaneous support of repetitions and PUCCH cell switching does not need to be defined. 

	Huawei/Hisi
	We can live with it for progress.

	LG
	Current proposal allows the situation that two PUCCH are in two different cell, as like the issue for dynamic switching which we are trying to solve in proposal 6.2.6. Moreover, if we re-use the solution of proposal 6.2.6 (i.e., UE doesn’t expect to..), the proposal would be “PUCCH repetition operation on the determined PUCCH cell and cell switching should be aligned by gNB.”, which is different from the intention of the agreement. 
Not to make such complicated situation, we suggest to remove the PUCCH occasion in unaligned slot while PUCCH repetition are performed in the target slot. We propose following modification. 

Proposal 6.2.12: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· After determining the PUCCH cell for the first repetition, the UE continues the Rel-16 PUCCH repetition operation on the determined PUCCH cell 
· A slot mapped to different PUCCH cell are considerd as invalid for PUCCH repetition. 





	
	

	
	




6.3 1st Round of email discussions

Generic (applicable to both modes)

PHR for PUCCH cell switching: 
Two companies discuss PHR with PUCCH cell switching, Samsung proposing to re-use the PHR operation for SRS cell switching whereas QC proposes to use type 2 PHR (which currently is not supported in the specifications). 
Anyhow, to see where companies stand, let’s check the following question: 

Question 6.3.1: For PUCCH cell switching, 
· Alt. 1: no PH reporting enhancements are specified in Rel-17.
· Alt. 2: the PHR procedure of SRS cell switching is re-used for PUCCH cell switching. 
· Alt. 3: the PHR procedure for PUCCH cell switching is based on the Type 2 PH definition (moderator note: Type 2 PH is not captured in 38.213)
· use type 2 actual PHR to report PHR for an actual PUCCH transmission on Pcell or a Scell in a PUCCH group; use type 2 virtual PHR to report PUCCH PHR on Pcell or a Scell without actual PUCCH transmission in a PUCCH group
· Alt. 4: Other

	Alt. 1 – supporting companies
	Vivo, LG, Nokia/NSB

	Alt. 2 – supporting companies
	

	Alt. 3 – supporting companies 
	QC

	Alt. 4 - Other
	Samsung, CATT



	Company
	Comments 

	vivo
	We would be fine with Alt.1 for PUCCH carrier switching. 

	Intel
	Would need to further check

	Samsung
	If the UE can be assumed to always have PUSCH transmissions on the PUCCH-sSCell, nothing is needed, Rel-16 applies; otherwise, a same PHR needs to be introduced as for SRS cell switching (replacing ‘SRS’ with ‘PUCCH’).

	QC
	Alt 1 is an alternative that will break the spec. For the following scenario, shouln’t UE report a PHR for Scell? Otherwise, how does gNB assess the PHR for PUCCH transmission on Scell? 
[image: A picture containing diagram
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A note to Moderator: Yes, Type 2 PHR is not captured in NR spec. But from day 1, Type 2 PHR is reserved in NR spec TS 38.213. Inherent from LTE type 2 PHR for simultaneous PUCCH/PUSCH Tx, type 2 PHR can be reused for PUCCH.  
Alt 3 is an interesting proposal. I would appreciate if FL or the proponents of Alt 3 can provide more details. It is not clear to me why we should SRS PHR for PUCCH PHR. My understanding of Samsung proposal is to reuse the switching delay/gap defined for SRS switch for PUCCH switch. But the PHR calculation should still be based on PUCCH, if I did not mis-understood the proposal. Anyway, we prefer a clarification on Alt 3.  

	CATT
	We would like to reuse Type-2 PHR defined in LTE with some modifications.

	DOCOMO
	We think the motivation to report PHR mainly comes from simultaneous PUCCH/PUSCH Tx. It’s better to be discussed in AI 8.3.3.

	LG
	We think it could be regarded as out-of-scope. Though we made PUCCH-sCell, it doesn’t mean we have to make PUCCH-sCell work fully as other cell unless it is releated to URLLC.  We suggest to discuss PHR in other AI, or keep checking whether PHR makes serious problems in terms of URLLC. 



PUCCH carrier switching based on dynamic indication: 

FFS on Overlapping definition: 
Based on the input received, the companies are pretty split (5 against 4) between the two options – namely consider overlapping slots for HARQ/CSI/SR to define the overlapping or reusing the Rel-15 overlapping definition, namely overlapping PUCCH slots for HARQ-ACK but overlapping PUCCH resources for CSI & SR. 
The argument for having the handling per overlapping slot for all UCI types of Alt. 2 is the fact, that this would prevent PUCCH cell switching for dynamic PUCCH cell indication within a PUCCH slot of PCell or PUCCH sSCell, by having HARQ on the dynamically indicated PUCCH cell and SR / P/SP-CSI on the overlapping PCell PUCCH slot (but the resources to be not overlapping).
Let’s try to get some more input on this issue by companies (as less feedback received on that point compared to other pending PUCCH cell switching issues), based on the following: 

Proposal 6.3.2: For PUCCH cell switching based on dynamic indication, the ‘overlapping definition’ for the condition to not multiplex UCI from PCell to the dynamically indicated alternative PUCCH cell is 
· Alt. 1: following the Rel-15 overlapping definition, i.e., overlapping PUCCH slots for HARQ-ACK and overlapping PUCCH resources on PCell and the alternative PUCCH cell for SR & P/SP-CSI 
· Alt. 2: based on overlapping PUCCH slots for all UCI types (i.e., HARQ-ACK, SR and P/SP-CSI). 

	Alt. 1 – supporting companies
	vivo

	Alt. 2 – supporting companies
	Nokia/NSB, Intel, Panasonic, QC, Spreadtrum, Huawei/Hisi, ZTE, DOCOMO, Xiaomi, LG…  



	Company
	Comments 

	Samsung
	If PUCCH for the UCI (other than DCI-based HARQ-ACK) can be transmitted on the PCell, no multiplexing on the PUCCH-sSCell and the UE does not expect to be indicated the PUCCH-sSCell (error case, UE discards the DCI, no spec impact as such multiplexing will not be defined).
If the UCI cannot be transmitted on the PCell, it is multiplexed with dynamic HARQ-ACK on the PUCCH-sSCell.

	Huawei/Hisi
	For Alt.2, it should also be clarified for the case of one long PCell slot overlapping with multiple short SCell slots (or the other way around), the granularity of the slot length is interpreted based on the largest slot length (i.e., the smallest SCS).

	DOCOMO
	We think Alt 2 is simpler. If overlapping is defined based on actual resource overlapping, it may need further discussion for more details, e.g. is the overlapping checking before or after UCI multiplexing within the slot on PCell? The resource overlapping situation may be different before and after PUCCH multiplexing on PCell.
Furthermore, we still hope companies to consider the PUCCH overlapping on different cells is not only restricted to “HARQ-ACK/SR/CSI on PCell/PScell/PUCCH-Scell vs. HARQ-ACK on dynamically indicated cell”.
For example, we haven’t determined whether the PUCCH cell indication in SPS activation DCI can be applied to later SPS PDSCHs without DCI. If it is applied, the case of “HARQ-ACK on PCell overlaps with SPS HARQ-ACK on Scell without PUCCH cell indication” is also possible.
Another example is CSI PUCCH. I’m not sure whether companies have common understanding on how semi-static PUCCH cell switching is applied for CSI PUCCH, based on the fact there is no PUCCH resource selection rule like HARQ-ACK in the slot (except multiplexing multipe CSIs). Therefore, our understanding is CSI reporting PUCCH is separately configured on different cells. If this is the assumption, “PUCCH on PCell overlaps with CSI PUCCH on Scell” is also possible.
Anyway, we can discuss “HARQ-ACK/SR/CSI on PCell/PScell/PUCCH-Scell vs. HARQ-ACK on dynamically indicated cell” first. Then we can simply extend the rule to more general cases.

	LG
	We prefer Alt. 2 since it is simpler method. 

	
	




Joint operation of semi-static & dynamic PUCCH cell switching: 
Based on the input by companies, there seems to be good input to support simultaneous configuration (& joint operation ) of semi-static & dynamic PUCCH cell switching. But at the same time some companies raise some issues in terms of Type 1 HARQ-ACK codebook construction (i.e. which k1 sets to use), the usefulness as multiplexing of UCI on the dynamically indicated cell from the other cell is not supported (based on the RAN1#106bis-e conclusion). 
Clearly, it would goo to clarify the behavior when agreeing the support, as the feature needs to be ready within the Rel-17 timeframe (or would be out for the moment).
Therefore, let’s check companies’ opinions if this is supported, and if this is supported, which restrictions or what operation is envisioned there. If you support Alt. 2 below, please also provide your input on the k1 set(s) issue raised by LGE & Nokia/NSB for Type 1 CB.  

Question 6.3.3: The simultanoues configuration of semi-static PUCCH cell switching and dynamic PUCCH cell swithing  
· Alt. 1: is not supported in Rel-17.
· Alt. 2: is supported in Rel-17 with further required restrictions on configuration & operation 
· Dynamic PUCCH cell switching overriding the semi-static PUCCH cell switching
· If a dynamic PUCCH cell is indicated apply the rules for dynamic PUCCH cell switching, i.e., the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on Cell#1 subject to the semi-static PUCCH Cell pattern with dynamically indicated HARQ-ACK on Cell#2
· FFS: support for Type 1 CB on alternative SCell (i.e. which k1 set(s) to apply)
· FFS: potentially further needed restrictions 
· Alt. 3: Other (i.e., supported with other operation)

	Alt. 1 – supporting companies
	Samsung, Nokia/NSB

	Alt. 2 – supporting companies
	Intel, Panasonic, QC, NEC, CATT Huawei/Hisi, ZTE, Xiaomi, LG

	Alt. 3 - Other
	



	Company
	Comments 

	Intel
	Joint operation is preferred to at least support the scenario of dynamic switching for dynamic HARQ-ACK etc. and semi-static switching for UCI w/o dynamic DCI.

	Samsung
	There is no benefit from DCI-based switching when RRC-based switching is configured.

	DOCOMO
	We support joint operation for more flexible operation.
Howvever, for the Alt 2, we think it should be clarified whether multiplexing is allowed for the case “DCI indicates HARQ-ACK PUCCH #1 on PCell with dynamic PUCCH cell indication, semi-satic PUCCH cell indicates Scell for PUCCH #2 without dynamic PUCCH cell indication”. For this case, if we consider semi-static PUCCH cell switching after multiplexing on PCell (i.e. multiplexing of PUCCH #1 and PUCCH #2 on Pcell), it seems the case can be allowed.
In our understanding, we now have two kinds of PUCCH overlapping, i.e. inter-CC PUCCH overlapping and intra-CC PUCCH overlapping (UCI multiplexing). The question is the order of semi-static PUCCH cell switching, intra-CC UCI multiplexing and inter-CC PUCCH overlapping.

	LG
	Second sub bullet should be FFS. It is related to dynamic switching issue and it is also contradicitory to first subbullet. 

	Nokia/NSB
	Although we indicated support in our contribution, after further thinking and needing to clarify all the open issues in this combination (Type 1 CB, mixed SCS operation etc.) and considering the limited benefit the dynamic switching brings on top of semi-static switching (considering the concluded limitations for dynamic indication), we think for simplicity to just not support this combination!





Other proposals (not directly related to Sec. 2-6 / agreed Rel-17 HARQ enhancements)
· Increase the number of reserved REs for (SPS) HARQ-ACK on PUSCH: Samsung [16] (see details in Sec. 2.5 of [16])
· Remove duplicated HARQ-ACK information from the Type-1 HARQ-ACK codebook for intra slot PDSCH repetition: Samsung [16] (see details in Sec. 2.7 of [16])

RRC parameter related proposals

SPS HARQ deferral
· SPS HARQ-ACK deferral for a SPS configuration is enabled by configuring the maximum deferral value in the SPS configuration: LGE [21]

Enhanced Type 3 CB: 
· UE capability of the maximum number of Type 3 CBs of {1,2,4,8} is per PUCCH cell group: ZTE [2]
· Separate enhanced Type 3 CB configuration per PUCCH cell group: ZTE [2]

PUCCH carrier / cell switching: 
· PUCCH carrier switching configured per PUCCH cell group (i.e. 2 parameters needed in PhysicalCellGroupConfig): ZTE [2] 
· ZTE[2]: For parameter pucch-cellswitchDyn to enable the dynamic PUCCH carrier switching field in DCI format 1_1, one of the following methods is adopted.
· This parameter remains unchanged. If it is enabled, for the scheduled cell within the PUCCH group without configured target PUCCH cell, the dynamic PUCCH carrier switching field is removed, preserved or ignored by the UE.
· A similar parameter is introduced for the secondary PUCCH group.
· Place this parameter in IE pdsch-config.




1st GTW session (Fri. Nov. 12th 2021)

Impact on MAC CE discussions (starting Mon)
Proposal 6.2.2: For PUCCH cell switching,  support MAC CE activation indicating a value of pucch-SpatialRelationInfoId applicable to the alternative PUCCH SCell. 
· Inform RAN2 about this decision
	Supporting companies
	(13) Nokia/NSB, vivo, DOCOMO, Intel, QC (with an editorial comment), Ericsson,TCL,NEC, CATT, Huawei/Hisi, ZTE, Xiaomi,OPPO…  

	Objecting companies
	Samsung



Impact on UE capability discussions 
Proposal 4.2.1: 
· Confirm the following RAN1 working assumption from RAN1#106bis-e: 
	· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config.


· Support separate UE capability indication of inter-subslot FH for PUCCH repetition operation for 2OS sub-slot based PUCCH configurations and 7OS sub-slot based PUCCH configurations. 
	Supporting companies 
	(10) vivo, DOCOMO, Sony, Intel, QC, Sharp, CATT Huawei/Hisi, Xiaomi,OPPO

	Objecting companies
	[Samsung]





Impact on further value range discussions

Mod Proposal 3.3.5: For one-shot triggering of HARQ re-transmission:  
· Alt. 1: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· The triggering DCI can occur after a DCI scheduling a PUSCH if the corresponding retransmitted HARQ-ACK codebook would be multiplexed in the PUSCH.
· Alt. 2: One-shot triggering of HARQ re-transmission is only supported after the initial PUCCH transmission slot
· The triggering DCI can occur after a DCI scheduling a PUSCH if the corresponding retransmitted HARQ-ACK codebook would be multiplexed in the PUSCH.
	Alt. 1: early triggering 
	(11) Nokia/NSB, vivo, Sony, Intel, NEC, CATT Huawei/Hisi, ZTE, DOCOMO, Xiaomi, OPPO( updated condition)

	Alt. 2: no early triggering 

	(5) Lenovo/Motorola Mobility, Samsung, Spreadtrum, LG, OPPO(1st preference)




Proposal 3.2.5: Apply a 1-bit  triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unsed DCI field in the DCI is used for HARQ slot offset indication
	Supporting companies
	(14) Nokia/NSB, vivo, DOCOMO, Sony, Intel, Panasonic, Ericsson (w addiiton of the note), Samsung,TCL, NEC, CATT, Spreadtrum Huawei/Hisi,Xiaomi

	Objecting companies
	QC, ZTE





Based on question input:  
Question 3.3.2: If more than one enhanced Type 3 HARQ-ACK codebook is configured and the triggering DCI with the ‘one-shot HARQ-ACK request’ set to ‘1’
· Alt. 1: The DCI cannot schedule PDSCH and some unused DCI field is re-used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook.
· Alt. 2: The DCI provides limited PDSCH scheduling capabilities for a specific enhanced Type 3 CB:
· if the FDRA field in the DCI is valid (i.e. PDSCH is scheduled), the first enhanced Type 3 HARQ-ACK codebook from the list of enhanced Type 3 HARQ-ACK CBs is triggered
· if the FDRA field in the DCI is not valid (i.e. PDSCH is not scheduled), some unused DCI field is re-used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook. 
· Alt. 3: The DCI can schedule PDSCH and a new N-bit DCI field is used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook. 
· N= log2 (M), where M is the number of entries in the list of enhanced Type 3 HARQ-ACK codebooks. 
· Alt. 4: The DCI can schedule PDSCH and the C-/T-DAI field is used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook. 
· Alt. 5: Other
	Alt. 1
	Support (6)
	vivo, Panasonic, CATT Huawei/Hisi, DOCOMO, Xiaomi

	
	Not support (3)
	Samsung, QC, ZTE

	Alt. 2
	Support (6)
	Nokia/NSB, Sony, Intel, Panasonic, Spreadtrum, DOCOMO

	
	Not support (4)
	Samsung, CATT, ZTE, LG

	Alt. 3
	Support (7)
	Samsung, QC, CATT, Spreadtrum, ZTE, LG, OPPO

	
	Not support (1)
	Nokia/NSB,…

	Alt. 4
	Support
	ZTE

	
	Not support
	Nokia/NSB, Samsung



Based on the above, where it seems that 10 companies (of Alt. 1  & Alt. 2) don’t want to see a DCI size increase and willing to take some hit in the scheduling flexibility, whereas 7 companies don’t want to reduce PDSCH scheduling flexibility but are willing to increase the DCI size (for Alt. 3). From Alt. 1 & Alt. 2, there seem to be less companies against Alt. 1 – so Alt. 1 is proposed as compromise proposal: 

Compromise proposal: If more than one enhanced Type 3 HARQ-ACK codebook is configured and the triggering DCI with the ‘one-shot HARQ-ACK request’ set to ‘1’, adopt Alt. 1, the DCI cannot schedule PDSCH and some unused DCI field is re-used to indicate the specific triggered enhanced Type 3 HARQ-ACK codebook.

RRC impact
Proposal 6.2.7: The time-domain pattern for semi-static PUCCH cell switching is separately configurable for the primary and secondary PUCCH cell group. 
	Supporting companies
	(13) Nokia/NSB, vivo, DOCOMO, Intel, Panasonic, QC, Ericsson, NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, Xiaomi

	Objecting companies
	Samsung




Proposal 6.2.9: For PUCCH cell switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e., multiple target PUCCH cell slots overlapping with a single PCell slot), adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
	Supporting companies
	(10) Vivo, DOCOMO, Samsung, QC, Ericsson, NEC, CATT, Spreadtrum Huawei/Hisi, LG, Xiaomi

	Objecting companies
	Ericsson



Proposal 6.2.10: For PUCCH cell switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, adopt Alt. 4, i.e., the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 
	Supporting companies
	(11) Vivo, DOCOMO, Intel, Panasonic, QC, CATT, Spreadtrum Huawei/Hisi, ZTE, LG, Xiaomi

	Objecting companies
	Samsung



Proposal 6.2.12: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· After determining the PUCCH cell for the first repetition, the UE continues the Rel-16 PUCCH repetition operation on the determined PUCCH cell (i.e., without considering the PUCCH cell time-domain pattern). 

	Supporting companies
	(12) Nokia/NSB, DOCOMO, Intel, Panasonic, QC, Sharp, NEC, CATT Huawei/Hisi, ZTE, LG(but have concern on feasibility), Xiaomi  …

	Objecting companies
	Samsung




Proposal 6.2.6: For dynamic PUCCH cell switching, the UE does not expect UCI on PCell /SPCell / PUCCH SCell to overlap with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· FFS on ‘overlapping definition’

	Supporting companies
	(6) Intel, Panasonic, Samsung, NEC Huawei/Hisi, Xiaomi

	Objecting companies
	CATT






Proposal 6.3.2: For PUCCH cell switching based on dynamic indication, the ‘overlapping definition’ for the condition to not multiplex UCI from PCell to the dynamically indicated alternative PUCCH cell is based on Alt. 2, i.e. based on overlapping PUCCH slots for all UCI types (i.e., HARQ-ACK, SR and P/SP-CSI). 

	Alt. 1 – supporting companies
	vivo

	Alt. 2 – supporting companies
	(10) Nokia/NSB, Intel, Panasonic, QC, Spreadtrum, Huawei/Hisi, ZTE, DOCOMO, Xiaomi, LG…  




Proposal 6.2.8: The time-domain pattern for semi-static PUCCH cell switching is based on the reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon and is common to each configured UL BWP (of PCell / SPCell / PUCCH SCell). 
	Supporting companies
	(12) Nokia/NSB, DOCOMO, Intel, Panasonic, Samsung, Ericsson, NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, Xiaomi

	Objecting companies
	QC (some clarification is needed), LG (Question)




Mod Proposed Conclusion 6.2.5: The Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
· of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching; and
· of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 
· FFS: for simultaneous configuration of semi-static & dynamic PUCCH cell switching (if supported)

	Supporting companies
	(14) Nokia/NSB, vivo, DOCOMO (with clarification), Intel, Panasonic,TCL,NEC, CATT, Spreadtrum Huawei/Hisi, ZTE, LG, Xiaomi,OPPO

	Objecting companies
	Samsung, QC (not real objection, but need clarification)





Proposal 6.2.4: For PUCCH cell switching and a PUCCH transmission on the alternative PUCCH cell, the alternative PUCCH cell is used to derive the downlink pathloss estimate PLb,f,c(qd) (i.e., the same pathloss reference as for a PUSCH transmission on the alternative PUCCH cell is used). 
	Supporting companies
	(11) Nokia/NSB, vivo, DOCOMO, Intel, Panasonic, Samsung, CATT Huawei/Hisi, ZTE, Xiaomi,OPPO

	Objecting companies
	QC



Proposal 6.2.3: For PUCCH cell switching, if no spatial setting is provided to the UE, a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the cell of PUCCH transmission. 

	Supporting companies
	(11) Nokia/NSB, vivo, DOCOMO, Intel, QC, Ericsson, CATT Huawei/Hisi, ZTE, Xiaomi,OPPO

	Objecting companies
	Samsung
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Appendix A: 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: 
· 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 

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:
· ‘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, …

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


RAN#89 (Dec. 2020) – see agreed conclusion from RP-202872
RAN conclusion on IIoT scope: 
· For handling of the PUCCH repetitions it is proposed to proceed as follows:
 RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
o The following items are not within scope of the continued discussions in the IIoT/URLLC WI:
 DMRS-less PUCCH with UCI payload up to 11 bits
 PUSCH-repetition-Type-B like PUCCH repetition
 DMRS bundling across PUCCH repetitions
 PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.
· For the UE CSI/HARQ-ACK feedback enhancements in the IIoT/URLLC WI, RAN1 work to continue the discussions. Status to be checked in March if any RAN level guidance needed.
· RAN1 to continue discussion on A-CSI on PUCCH, whether to specify or not.



RAN1#104-e (Jan/Feb. 2021)

Agreements:
· Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation


Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral

Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition


Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.

Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0)  
· FFS: if there is a limit on the maximum deferral 


Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study

RAN1#104b-e (April 2021)

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.


Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Conclusion: 
No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17 as part of this WI.

Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.

Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.

Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition 

Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 

RAN1#105-e (May 2021)

Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


RAN#92-e (June 2021) – see section 3.2 of RP-211569
During the GTW session the following recommendations with further revisions were endorsed.
· ……
· Revised Recommendation2: Provide the following RAN guidance on HARQ-ACK enhancement [RAN1]
· No further discussions on SPS HARQ-ACK skipping and size reductionbundling/compression.

RAN1#106-e (Aug. 2021)
Agreement
The SPS HARQ-ACK deferral is enabled per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations enabled for deferral is in principle subject to deferral

Agreement
Definition of when to defer from the initial slot: 
· Alt1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid

Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR

Agreement 
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.

Agreement
For SPS HARQ-ACK deferral, only SPS HARQ bits subject to deferral from HARQ-ACK codebook from an initial PUCCH slot are deferred to the target PUCCH slot

Agreement 
For SPS HARQ-ACK deferral, deferred SPS HARQ bits from more than one ‘initial PUCCH slot’ can be jointly deferred to a target PUCCH slot 

Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …). 

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB in Rel-17. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB.
· The A/N of HARQ processes is mapped to the Rel-16 Type 3 HARQ-ACK CB irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured in Rel-17 with Rel-16 Type 3 HARQ-ACK CB and PHY prioritization. 

Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 

Agreement 
Support Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size triggering using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The triggering support for DCI format 1_2 is independently (from triggering using DCI format 1_1) RRC configured to the UE. 

Agreement 
Support Rel-16 Type 3 HARQ-ACK CB triggering using DCI format 1_2 in Rel-17 for a UE supporting DCI format 1_2. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured with DCI format 1_2 triggering of the Rel-16 Type 3 HARQ-ACK CB. 

Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 

Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 

Agreement 
A single DCI triggering the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 

Agreement 
The Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB is done through an explicit triggering indication in the DCI through a DCI field. 

Agreement 
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 

Conclusion
The dynamic repetition indication solution for slot-based PUCCH repetition from the RAN1#105-e working assumption from Cov. Enh. WI can be directly applied for dynamic repetition indication for sub-slot based PUCCH repetition.

Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities

Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.

Agreement
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.

Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.

R1-2108546	Moderator summary #3 on HARQ-ACK feedback enhancements for NR Rel-17 URLLC/IIoT	Moderator (Nokia)

Agreement
For SPS HARQ-ACK deferral, confirm the RAN1#104b-e working assumption with the following updates in RED:
(working assumption) To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receives PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID

Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types

Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot

Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication 

Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases

Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 


RAN1#106bis-e (Oct. 2021)
Agreement
For PUCCH carrier switching, support PUCCH carrier switching only among different TDD cells with PUCCH configured on the NUL carrier in Rel-17

Agreement
For semi-static PUCCH cell switching, PCell / PSCell / PUCCH-SCell is reference cell:
· The time domain pattern configurations are based on the numerology of the reference cell. 
· The PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH cell switching pattern. 
· Note: There may not be a need to define a ‘reference cell’ in the specification. This terminology is used for further clarifications of the procedure. 

Agreement
For PUCCH cell switching, support independent TPC per PUCCH cell including
· Separate P0 / TPC configuration per PUCCH cell
· Note: This flexibility is already provided as PUCCH-config is per UL BWP of a PUCCH cell
· Accumulating closed loop power control commands only within the same PUCCH target cell by reusing Rel-15 procedure, i.e.
· For dynamic PUCCH cell indication, the TPC command in the DCI scheduling the PUCCH only applies for the dynamically indicated PUCCH target cell
· For semi-static / time-domain pattern, the TPC command in the DCI scheduling the PUCCH only applies for the determined PUCCH target (using the time-domain pattern)
· Separate TPC command indication using DCI format 2_2 for the individual PUCCH cells
· Note: this requires configuration of individual TPC command starting points for each PUCCH cell within DCI format 2_2

Agreement
UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 

Agreement
For semi-static PUCCH cell switching, the time-domain pattern configuration is based on the following properties:
· A single time-domain pattern is configured per PUCCH cell group
· The granularity of the time-domain pattern is one slot of the PCell / PSCell / PUCCH-SCell reference cell 
· The time-domain pattern is applied periodically 
· FFS on period / pattern length (e.g., 10ms, RRC configured, …).
· The pattern defines for each slot of the PCell / PSCell / PUCCH-SCell reference cell at least the applicable target PUCCH cell

Agreement
For semi-static PUCCH cell switching, the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell. 

Conclusion
For SPS HARQ-ACK deferral, only SPS HARQ-ACK bits subject to deferral from one or more initial slots which have not reached the maximum deferral value are jointly deferred to the next available PUCCH (other SPS HARQ-ACK is dropped). 

Agreement
For SPS HARQ-ACK deferral, the bit ordering of deferred SPS HARQ-ACK information from one or more initial slots in the target PUCCH slot is based on the Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 is applied, i.e., based on serving cell index, SPS configuration index, SPS PDSCH slot index. 

Conclusion
No additional enhanced Type 3 CB ‘types’ (such as activated CCs, of specific SPS configurations, etc.) in terms of RRC configuration are supported. 

Agreement
For one enhanced Type 3 HARQ-ACK CB, the same CBG and NDI configuration applies to both PHY priorities following the RAN1#106-e agreement. 

Agreement
The same set of enhanced Type 3 CBs (incl. CBG and NDI configuration) is applied for triggering using DCI format 1_1 and 1_2. 

Agreement
Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH. 

Agreement
Support triggering of one-shot HARQ re-transmission on PUCCH using DCI format 1_2. 

Agreement
To align with Rel-16 slot-based PUCCH repetition operation, support sub-slot based PUCCH repetition configured with / using nrofSlots (i.e., not using dynamic indication) of all UCI types (incl. HARQ, SR & CSI). 

Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 



Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement: Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.



Agreement
For PUCCH cell switching based on dynamic indication in the DCI,  introduce a new, dedicated DCI field for the DCI scheduling PDSCH to indicate the target PUCCH cell. 

Agreement
In addition, the dynamic target PUCCH cell indication also applies to HARQ-ACK corresponding to SCell dormancy indication without scheduling PDSCH.

Agreement
The periodicity / length of the time-domain pattern for semi-static PUCCH cell switching is directly determined by the RRC configuraton of the time domain pattern pucchCellPattern 
· Note: pucchCellPattern has a variable length of (1… maxNrofSlots) 

Agreement
For semi-static and dynamic indication of PUCCH cell switching, the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell for the first repetition. 

Agreement
The CBG and NDI usage can be independently configured for different enhanced Type 3 HARQ-ACK CBs. 

Agreement
For Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17, the TDRA pruning/grouping is performed per DL slot after TDRA determination per sub-slot.
· Strive to minimize the impact on relevant pseudo-code

Conclusion
For SPS HARQ-ACK deferral, the operation in the ‘initial’ slot is further clarified as: 
· The UE performs first the (Rel-16) UCI multiplexing operation. If after the UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.

Agreement
The maximum number of simultaneously configurable enhanced Type 3 CB is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.

Agreement
PUCCH cell switching between 2 cells is supported in Rel-17. 

Agreement
For PUCCH repetition enhancements:
· Support inter-slotFrequencyHopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for slot-based PUCCH configurations. 
· Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Formats 0, 1, 2, 3 and 4 for 7OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config. 
· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config. 
· Note: As for Rel-15, the configuration / enabling of inter-slotFrequencyHopping and intraSlotFrequencyHopping is not supported. 

Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.



Agreement
The RAN1#106-e agreement on the target slot definition is updated as follows (in RED): 
	Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.  sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.



Agreement
Support PUCCH cell switching based on dynamic indication in the DCI using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The presence of the ‘PUCCH carrier switching’ bitfield in DCI format 1_2 is RRC configured. 

Conclusion
If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing

Agreement
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset

Agreement
Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)
· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829

Agreement
Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 

Conclusion
There is no consensus to support multiplexing of HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on the dynamically indicated PUCCH cell (other than PCell / PSCell / PUCCH-SCell) in Rel-17.
· FFS: further handling, incl. e.g., UE does not expect overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI or overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is to be dropped
· FFS: overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource

Agreement
For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
· in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.


Appendix B: Summary of companies’ proposals
In here, the proposals and some example figures are collected for easier referencing. 
[1] R1-2110818	UE feedback enhancements for HARQ-ACK	Huawei, HiSilicon

Proposal 1: Following alternatives can be considered as the RRC configured set for the maximum SPS HARQ-ACK deferral value in terms of k1+k1def,
· Opt.1: RRC value range is {X…15, m0, …mX-1}, with the description that mi (i=0,…,X) applies only for 2OS sub-slot length.
· Opt.2: Separate RRC value ranges for different slot/sub-slot lengths, e.g., RRC value range is {1…15} for slot based length, {2,4,…,30} for 7OS sub-slot length, and RRC value range is {7,14,…,105} for 2OS sub-slot length.
Observation: If deferred SPS HARQ-ACK is not allowed to perform PUCCH carrier switching and be multiplexed with DG PUCCH/CSI/SR on a SCell subject to dynamic indication or semi-static PUCCH pattern, it is inconsistent with the agreement of SPS deferral procedure where the Rel-16 multiplexing is performed prior to the target slot determination.
Proposal 2: Support joint operation of semi-static PUCCH carrier switching and SPS HARQ-ACK deferral.
· For each candidate target slot/sub-slot, the UE will check its validity on its associated target carrier based on the semi-static PUCCH Cell pattern, until an available PUCCH resource is identified to carry the deferred SPS HARQ-ACK.
Proposal 3: Support joint operation of dynamic PUCCH carrier switching and SPS HARQ-ACK deferral.
· Dynamically scheduled PUCCH on a target SCell other than PCell/PSCell/PUCCH-SCell can be used for multiplexing deferred SPS HARQ-ACK.
· If a large slot on PCell overlaps with more than one short slots on the indicated SCell all scheduled with PUCCH, the first overlapped short slot on the SCell scheduled with PUCCH is used for multiplexing the deferred SPS HARQ-ACK.
Proposal 4: For the case where dynamic PUCCH cell indication is enabled and semi-static PUCCH Cell pattern is disabled, the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on PCell/PSCell/PUCCH-SCell with dynamically indicated HARQ-ACK on the SCell.
· Definition of overlapping across different cells is in terms of PUCCH slot/sub-slot.
· If PCell and target PUCCH cell are configured with different SCSs or different slot length, the granularity of the PUCCH slot/sub-slot should be based on the smallest SCS or largest slot length.
Proposal 5: For the case where both dynamic PUCCH cell indication and semi-static PUCCH Cell pattern are enabled, the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on Cell#1 subject to the semi-static PUCCH Cell pattern with dynamically indicated HARQ-ACK on Cell#2.
Proposal 6: For SPS HARQ-ACKs activated by activation DCI with PUCCH carrier indicator: 
· Carrier indication in the activation DCI is only applied for the first SPS HARQ-ACK occasion.
· The rest SPS HARQ-ACKs of semi-static allocated PDSCHs follow the semi-static PUCCH Cell pattern if configured. Otherwise, they will be transmitted on PCell/PSCell/PUCCH SCell by default.
Proposal 7: For PDSCH-to-HARQ_feedback timing indicator in DCI under dynamic carrier switching, the bit width of the field should be determined by the largest K1 set among the K1 sets of all candidate PUCCH cells for switching.
Proposal 8: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), Alt. 1 should be adopted, i.e., the PUCCH slot for UCI transmission is the first target PUCCH slot overlapping with the PCell slot.
Proposal 9: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, Alt. 2 should be adopted, i.e., the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
Proposal 10: Consider the case where the SCell configured in the semi-static PUCCH Cell pattern is deactivated,  
· if a UL slot on the SCell doesn’t overlap with a PCell UL slot, UE would consider the target PUCCH cell is invalid and falls back to the single Cell case;
· if a UL slot on the SCell overlaps with a PCell UL slot, PCell should be configured as the target PUCCH Cell for the overlapped UL slot based on gNB implementation to avoid the impact of SCell deactivation. 
Proposal 11: For dynamic HARQ-ACK scheduled by fallback DCI with DCI format 1_0, 
· If semi-static carrier switching is configured, it will be transmitted at a carrier based on semi-static PUCCH Cell pattern, 
· Otherwise, it should be transmitted on the PCell.
Proposal 12: For triggering Rel-17 enh. Type 3 CB, if more than one enh. Type 3 CB are configured, the DCI should not be used to schedule PDSCH, and some unused fields can be re-interpreted to indicate the specific enh. Type 3 CB.
Proposal 13: Rel-17 one-shot triggering for HARQ-ACK re-transmission should be triggered by DCI without scheduling PDSCH, and some unused fields can be re-interpreted to enable the HARQ-ACK re-transmission and indicate the backward slot-offset.
Proposal 14: The ‘one-shot HARQ-ACK request’ can be applied to enable both enh. Type 3 CB and one shot HARQ-ACK re-transmission in case no PDSCH is scheduled, and a differentiation flag can be introduced by reusing the unused bit field.
Proposal 15: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, consider Alt.2, i.e., the backward slot-offset is the gap between the original PUCCH and the new PUCCH for HARQ-ACK re-transmission. 
Proposal 16: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the DCI missing issue should be resolved by introducing a DAI field to help identifying the CB size of the dropped HARQ-ACKs.
Proposal 17: UE does not expect the Type 3 or enh. Type 3 CB on an original PUCCH to be triggered for one-shot re-transmission.
Proposal 18: UE expects a HARQ-ACK CB to be scheduled as the one-shot re-transmission at most once.
Proposal 19: HARQ-ACK dropped due to staggered overlapping of Rel-16 PUCCH repetition and SPS HARQ-ACK dropped due to expiration of the maximum deferral time should not be triggered for one-shot re-transmission.
Proposal 20: If one-shot HARQ-ACK re-transmission and PUCCH carrier switching feature are both enabled, the backward slot-offset is interpreted with the granularity of the target Cell for dynamic Cell indication and with the granularity of PCell for semi-static PUCCH Cell pattern.
Proposal 21: If one-shot HARQ-ACK re-transmission and PUCCH carrier switching feature are both enabled, a relative slot index indication should be introduced on top of the backward slot-offset for the case where the granularity of the backward slot-offset is longer than the slot length of the original PUCCH.

[2] R1-2110914	Discussion on HARQ-ACK enhancements for eURLLC	ZTE
[3] R1-2111005	Remaining issues on HARQ-ACK enhancements for Rel-17 URLLC	vivo

Proposal 1: The maximum value that can be configured as the maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration can reuse the maximum value of K1, i.e. 15.
Proposal 2: For interaction between SPS HARQ-ACK deferral and PUCCH repetition, if the PUCCH format or PUCCH resource in the initial slot/sub-slot or target slot/sub-slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACK follows the Rel-16 rules without triggering deferral or considering the restriction from maximum deferral value, respectively.
Proposal 3: Support interaction between SPS HARQ-ACK deferral and PUCCH carrier switching based on semi-static configuration, where SPS HARQ-ACK deferral is performed on the target cell based on the configuration time domain pattern.
Proposal 4: If more than one enhanced Type-3 codebook is configured, the triggering DCI does not scheduling PDSCH  (i.e., FDRA all ‘0’ or ‘1’), and some unused DCI field(s) in the triggering DCI is used to indicate which enhanced Type-3 codebook is triggered.
Proposal 5: Regarding which unused filed(s) in a triggering DCI is used to indicate the triggered one among more than one configured enhanced Type-3 codebook, one or more (depending on the field bitwidth) of the following DCI fields can be used:
· Modulation and coding scheme of transport block 1 
· New data indicator of transport block 1 
· Redundancy version of transport block 1 
· HARQ process number 
· Antenna port(s) 
· DMRS sequence initialization
Proposal 6: Apply a 1-bit triggering DCI field for triggering indication of one-shot triggering of HARQ-ACK re-transmission on PUCCH; the triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH, and some unused field(s) in the DCI is used to indicate the HARQ-ACK codebook to be re-transmitted.
Proposal 7: The ‘one-shot HARQ-ACK request’ field can be reused as the 1-bit triggering DCI field for triggering indication of one-shot triggering of HARQ-ACK re-transmission on PUCCH.
Proposal 8: Regarding the unused field(s) used to indicate the HARQ-ACK codebook to be re-transmitted in a triggering DCI of one-shot triggering of HARQ-ACK re-transmission, the same set of unused fields discussed for enhanced Type-3 codebook can be considered.
Proposal 9: For indicating the PUCCH slot offset for one-shot triggering of HARQ-ACK re-transmission, support Alt. 2, i.e., the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted.
Proposal 10: Do not support simultaneous configuration of enhanced Type-3 codebook and one-shot triggering of HARQ-ACK re-transmission.
Proposal 11: HARQ-ACK codebook transmission/re-transmission by enhanced Type-3 codebook triggering/ one-shot triggering of HARQ-ACK re-transmission without scheduling a PDSCH can be regarded as DG HARQ-ACK, and SPS HARQ-ACK, including deferred SPS HARQ-ACK, if any, in the same slot/sub-slot can be multiplexed with the HARQ-ACK codebook transmission/re-transmission, with the slot/sub-slot regarded as the target slot/sub-slot for the deferred SPS HARQ-ACK, if any.
Proposal 12: Enhanced Type-3 codebook triggering, as well as one-shot triggering of HARQ-ACK re-transmission, can be used to retrieve deferred SPS HARQ-ACK dedicatedly, when required.
Proposal 13: Support the re-transmission of cancelled HARQ-ACK by enhanced Type-2 codebook.
Proposal 14: It can be clarified that for enhanced Type-2 codebook, PDSCH grouping is performed for each physical priority respectively, and at most two PDSCH groups are allowed per physical priority.
Proposal 15: For PUCCH cell switching based on dynamic indication, legacy rules can be reused for overlapping definition, i.e., overlapping between/among HARQ-ACK is determined in terms of PUCCH slot/sub-slot, and overlapping in other cases, including overlapping between/among HARQ-ACK and other UCI type(s), and overlapping between/among other UCI types, is determined in terms of PUCCH resource.
Proposal 16: For semi-static PUCCH carrier switching, the reference cell, i.e. PCell / PSCell / PUCCH-SCell, should have the smaller SCS.
Proposal 17: For semi-static PUCCH carrier switching, for the case where a slot/sub-slot on the PCell / PSCell / PUCCH-SCell is longer than a slot/sub-slot on the target PUCCH cell, the first slot/sub-slot among multiple slot/sub-slots on the target PUCCH cell overlapping with the  slot/sub-slot on the PCell / PSCell / PUCCH-SCell is used for UCI transmission.
Proposal 18: For semi-static PUCCH carrier switching, UE does not expect the case where a slot/sub-slot on the PCell / PSCell / PUCCH-SCell is shorter than a slot/sub-slot on the target PUCCH cell.
Proposal 19: For semi-static PUCCH carrier switching and PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported.

[4] R1-2111094	Discussion on HARQ-ACK feedback enhancements for Rel-17 URLLC	Spreadtrum Communications


Proposal 1. Support Mod Proposal 2.7.2: For interaction joint operation of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial or/ target slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules/limitations of SPS deferral
· Note: Parallel deferral procedures are prevented. Depending on the PUCCH format and / or PUCCH resource and its associated PUCCH repetition factor in the initial or/ target slot, deferral is prevented (for K>1). 

Proposal 2. Do not support the joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching in Rel-17.
Proposal 3. If the UE is configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately be determinated according to their respective PHY priorities.
Proposal 4. 
Proposal 5. Support Alt 2 or Alt 3 for indicating of Type 3 HARQ-ACK when more than one are configured.
· Alt. 2: is able to scheduled PDSCH:
· If PDSCH is being scheduled (i.e., valid FDRA), the DCI triggers the first enhanced Type 3 HARQ-ACK codebook from the list; 
· If PDSCH is not scheduled (i.e., FDRA all ‘0’ or ‘1’), some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered 
· Alt. 3: an N-bit DCI field for triggering included, one state indicating ‘not trigger’ whereas the remaining signalling states can be used to indicated one of up to M different enh. Type 3 CBs. N is defined as N=log2 (M+1)
Proposal 6. Support Mod 4 Compromise proposal 3.2.9: If more than one enhanced Type 3 HARQ-ACK codebook is configured, the triggering DCI with the single triggering bit set to ‘1’
· If the triggering DCI does not schedule PDSCH (i.e., FDRA all ‘0’ or ‘1’), some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered
· FFS which unused DCI field(s) are to be used 
· FFS: whether/how the triggering DCI can schedules PDSCH (i.e., valid FDRA) 
Proposal 7. On the definition of some ‘PUCCH slot offset’ for dynamically indicating the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted:
· Alt. 1: n = m - HARQ_retx_offset
Proposal 8. For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot

Proposal 9. For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 

[5] R1-2111139	HARQ-ACK Feedback Enhancements for URLLC/IIoT	Nokia, Nokia Shanghai Bell
The discussions in Sec. 2 on dropping of SPS HARQ-ACK feedback in TDD operation can be summarized in the following related observations and proposals: 
Proposal 2.1: For interaction of SPS HARQ deferral and PUCCH repetition, the following is adopted: 
· If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules of SPS HARQ deferral.
· In case the PUCCH indicated in the initial slot does not have a repetition factor larger than 1 and the PUCCH in the initial slot is invalid, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation.

Proposal 2.2: The maximum configurable SPS HARQ deferral value consists of a fixed range (i.e., not sub-slot/SCS dependent). Further down-select between Alt. 2 (1..16) and Alt. 3 (1..32).
Observation 2.1: For the interaction of SPS HARQ deferral and Rel-17 Intra-UE multiplexing, the rules for the target slot determination/handling could be further extended to take into account the new Release 17 UCI multiplexing allowing low-priority and high-priority UCI to be jointly reported in the target slot. FFS whether some special handling is needed in case full or partial dropping of the low-priority HARQ-ACK is eventually supported as part of the Rel-17 intra-UE multiplexing framework.
Proposal 2.3: Dynamic PUCCH carrier switching and SPS HARQ deferral cannot be simultaneously configured on a physical cell group.
Observation 2.2: Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching based on semi-static configuration could be supported without any needed additional enhancements, by first applying the PUCCH cell determination followed by the SPS deferral operation on the PUCCH slot /sub-slot of the target PUCCH cell.

The discussions in Sec. 3 on PUCCH repetition enhancements can be summarized in the following related observations and proposals: 
Proposal 3.1: Confirm the following RAN1#106bis-e working assumption: 
· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config. 

 
The discussions in Sec. 4 on retransmissions of dropped HARQ-ACK can be summarized in the following related observations and proposals: 
Proposal 4.1: When multiple enhanced Type 3 HARQ-ACK codebooks are configured and the triggering bit in the DCI is ‘1’
· if the FDRA field in the DCI is valid, the first enhanced Type 3 HARQ-ACK codebook from the list of CBs is triggered
· if the FDRA field in the DCI is not valid, the triggered enhanced Type 3 CB is indicated by some unused field in the DCI (e.g., the MCS field). 

Proposal 4.2: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
Proposal 4.3: The PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as n = m + k - HARQ_retx_offset where m is the slot/sub-slot of the triggering DCI and m+k is the slot/sub-slot of re-transmission. 
      
Proposal 4.4: The range of HARQ_retx_offset is from 1 to 16 or 32.
Proposal 4.5: Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ does not schedule PDSCH. 
· The ‘one-shot HARQ-ACK request’ field is reused for triggering. 
· Some unused bit field in the DCI, e.g. modulation and coding scheme field, is used to indicate the HARQ-ACK CB to be re-transmitted. 
Proposal 4.6: Support simultaneous configuration of enhanced Type 3 CB and one-shot re-transmission of HARQ-ACK.

Proposal 4.7: Support joint configuration (and operation) of Rel-17 enhanced Type 3 CB and Rel-17 one-shot triggering of HARQ re-transmission reusing the Rel-16 one-shot CB request bit without additional overhead:
· The one-shot CB request bit in DCI set to ‘1’ and the DCI scheduling PDSCH, triggers the enhanced Type 3 CB configured with the lowest index. 
· The one-shot CB request bit in DCI set to ‘1’ and the DCI not scheduling PDSCH / DL-SCH, one unused DCI field (such as e.g. the HARQ ID field) determines if either the enhanced Type 3 CB (e.g. bit(s) set to 0) or one-shot HARQ-ACK retransmission on PUCCH (e.g. bit(s) set to 1) is triggered.
· For a triggered enhanced Type 3 CB, one other unused DCI field (such as the MCS field) is used to indicate which of the configured enhanced Type 3 CBs (from the list) is triggered. 
· For the one-shot HARQ-ACK retransmission on PUCCH, one other unused DCI field (such as the MCS field) is used to indicate the HARQ_retx_offset to determine the initial PUCCH slot of the HARQ-ACK codebook for re-transmission. 

The discussions in Sec. 5 on dynamic PUCCH carrier / cell switching can be summarized in the following related observations and proposals: 
Proposal 5.1: When DCI has indicated PUCCH switching to SCell, UE drops HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI transmissions in the overlapping slot(s). 

Proposal 5.2: The UCI dropping on PCell happens irrespective of priorities if DCI indicates PUCCH switching to an overlapping SCell slot.   
Proposal 5.3: For semi-static PUCCH cell switching and PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported (i.e., the target PUCCH cell determination only applies to the first PUCCH repetition)
· Note: for semi-static PUCCH cell switching, the target PUCCH cell determined for the first PUCCH repetition applies to the PUCCH repetition bundle based on the Rel-16 PUCCH repetition procedure

Proposal 5.4: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e., multiple target PUCCH cell slots overlap with a single PCell slot), a relative slot-offset is configured in the time domain pattern (i.e., time domain pattern contains ‘cell index’ & ‘slot_offset’ for each P(S)Cell slot).
Proposal 5.5: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, the UE does not expect the same UCI type (i.e., HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g., HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
Proposal 5.6: For PUCCH cell switching based on semi-static patterns, the UE does not expect a time-domain pattern configuration where the PUCCH cell switching point would not be aligned with the slot or sub-slot boundary of the secondary PUCCH cell. 

Proposal 5.7: For joint operation of semi-static and dynamic PUCCH cell switching, the UE operation follows the principles of the dynamic PUCCH cell indication operation by regarding the semi-statically determined PUCCH cell instead of the PCell/PSCell/PUCCH-SCell for the stand-alone operation. 
Proposal 5.8: For joint operation of semi-static and dynamic PUCCH cell switching, the UE does not expect to be configured with Type 1 HARQ-ACK codebook for the case of different slot/sub-slot lengths on PCell and SCell and/or differently configured k1 sets.   

[6] R1-2111188	HARQ-ACK Enhancements for IIoT/URLLC	Ericsson
In the previous sections we made the following observations: 
Observation 1	For the joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral, lower latency for SPS HARQ-ACK transmission can be achieved if SPS HARQ-ACK is performed, if needed, on the determined PUCCH cell.
Observation 2	Ability to indicate a Rel-17 enhanced Type-3 HARQ-ACK CB should not restrict the flexibility to schedule a PDSCH at the same time. Otherwise, it would be considered a degradation compared to the Rel-16 Type-3 HARQ-ACK CB.
Observation 3	One-shot triggering of HARQ-ACK retransmission by DL assignment should not restrict the flexibility to schedule a PDSCH at the same time.
Observation 4	The semi-static configuration of PUCCH cell timing pattern containing ‘slot_offset’ parameter can be used to obtain the SPS HARQ-ACK deferral behavior.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support the value range of the maximum value of K1+ K1def for SPS HARQ-ACK deferral (1…16) or (1…32).
Proposal 2	HARQ-ACK DL SPS deferral and PUCCH repetition can be simultaneously configured.
	HARQ-ACK DL SPS deferral is performed first. Then PUCCH repetition is applied if applicable.
Proposal 3	When the PUCCH repetition with SPS HARQ-ACK partially overlaps with other PUCCH repetitions containing HARQ-ACK, that slot forPUCCH repetition carrying SPS HARQ-ACK in overlapping slots is assumed unavailable and can be deferred further following the Rel-16 PUCCh repetition deferral..
Proposal 4	If UE is configured with both PUCCH carrier switching and SPS HARQ-ACK deferral, the UE performs SPS HARQ-ACK deferral on the determined PUCCH cell.
Proposal 5	If after the Rel-17 multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.
Proposal 6	SPS HARQ-ACK of different PHY priorities can be separately deferred with the target PUCCHs separately determined according to their respective PHY priorities. Then depending on where the target slot(s) is/are located, Rel-17 intra UE multiplexing can be applied when applicable.
Proposal 7	If there are N =2, 4, 8 simultaneously configurable enhanced Type-3 CB sets, there is a -bit DCI field to indicate the CB set.
Proposal 8	It is possible for gNB to either schedule a PDSCH or not schedule a PDSCH at the same time when triggering the enhanced Type-3 HARQ-ACK CB by setting the frequency resource assignment field appropriately, e.g., set to all 1s/0s if not scheduling a PDSCH
Proposal 9	For one-shot triggering of HARQ-ACK retransmission, the “HARQ_retx_offset” is relative to the triggering DCI (Alt. 1).
Proposal 10	For one-shot triggering of HARQ-ACK retransmission, it is allowed to trigger the HARQ-ACK retransmission before the initial PUCCH slot.
Proposal 11	When triggering the HARQ-ACK retransmission before the initial PUCCH slot, the triggered HARQ-ACK retransmission is performed regardless of any change in multiplexing and/or dropping scenarios which happen after the triggering was sent.
Proposal 12	When triggering the HARQ-ACK retransmission before the initial PUCCH slot, the HARQ-ACK CB in the initial PUCCH slot is still considered for potential multiplexing or transmission in the initial PUCCH slot.
Proposal 13	When triggering the HARQ-ACK retransmission before the initial PUCCH slot, UE does not expect to be scheduled with a later scheduling assignment with corresponding HARQ-ACK which maps to the same initial PUCCH slot and has the same PHY priority as the HARQ-ACK CB requested to be retransmitted.
Proposal 14	If more than one “HARQ_retx_offset” values are configured, there should be a separate DCI field to jointly trigger the one-shot retransmission of HARQ-ACK and indicate a “HARQ_retx_offset” value.
Proposal 15	The value range of the “HARQ-rx offset” can contain both positive and negative integers, e.g., (-15...15) or (-8….15).
Proposal 16	Joint operation of one-shot triggering of HARQ retx and triggering of enhanced Type-3 HARQ-ACK CB can be supported based on separate triggering fields in the DCI.
Proposal 17	Confirm the working assumption to support inter-subslot frequency hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS subslot-based PUCCH configurations, where the UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-subslotFrequencyHopping in the respective PUCCH_config.
Proposal 18	For semi-static PUCCH carrier switching, the PUCCH cell timing pattern consists of PUCCH cell index and relative slot offset values, i.e., ‘cell_index’ & ‘slot_offset’ configured for each slot in the PCell or PUCCH-SCell of a PUCCH group (Alt. 3).
Proposal 19	When a slot in PCell is shorter than a slot in target PUCCH cell, the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot (Alt. 2).
Proposal 20	PUCCH carrier switching can be dynamic, semi-static, or both by configuration.
Proposal 21	If the UE is both indicated a PUCCH carrier indication by the DCI field and configured with PUCCH cell timing pattern, the UE follows the dynamic PUCCH carrier indication and ignores the semi-static PUCCH cell timing pattern.
Proposal 22	For joint operation of PUCCH carrier switching and UCI multiplexing, the UE first performs PUCCH carrier switching for relevant UCIs to determine the target PUCCH cell, and then the existing UCI multiplexing procedures are followed, if needed.
Proposal 23	If the dynamically indicated PUCCH cell for HARQ-ACK is not PCell/PSCell/PUCCH-SCell and there are overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and/or P/SP-CSI which are supposed to be transmitted on PCell/PSCell/PUCCH-SCell, then HARQ-ACK (without dynamic PUCCH cell indication), SR and/or P/SP-CSI are dropped.
Proposal 24	For semi-static PUCCH cell switching and PUCCH repetition, the target PUCCH cell determination applies to the first PUCCH repetition and the rest of the PUCCH repetitions use the same target PUCCH cell.

[7] R1-2111248	UE feedback enhancements for HARQ-ACK	CATT
Proposal 1: For interaction of SPS HARQ deferral and PUCCH repetition, if the PUCCH format or PUCCH resource in the initial or target slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules/limitations of SPS deferral.
Proposal 2: If joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral is supported, it is preferred to perform PUCCH carrier switching first.
Proposal 3: If more than one enhanced Type-3 CB is configured and when the triggering DCI with single triggering bit is set to ‘1’, the triggering DCI is not able to schedule PDSCH.
Proposal 4: For one-shot triggering of dropped HARQ-ACK, 1-bit DCI field is included for explicit triggering indication. If the triggering DCI indicates ‘triggering’, the DCI does not schedule PDSCH at the same time and some DCI field (such as the HARQ-ID field) is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be retransmitted.
Proposal 5: For one-shot triggering of dropped HARQ-ACK, the triggering DCI received in slot/sub-slot m indicating HARQ_retx_offset, the PUCCH slot of the HARQ-ACK codebook to be retransmitted in slot n is determined as n = m - HARQ_retx_offset .
Proposal 6: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot.
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot.
Proposal 7: Simultaneous configuration of one-shot HARQ retransmission and enhanced Type-3 CB is not supported.
Proposal 8: For PUCCH carrier switching based on dynamic indication in DCI, UE drops the UCI and PUCCH on PCell/PScell/PUCCH-Scell and transmits PUCCH on dynamically indicated Scell if PUCCH on PCell/PScell/PUCCH-Scell overlaps with PUCCH on dynamically indicated Scell.
Proposal 9: For the case of different SCS configurations between PUCCH carriers, 
· In case the PCell has larger SCS, UE doesn’t expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single target PUCCH cell slot;
· In case the PCell has smaller SCS, PUCCH resource should be mapped to the first slot/sub-slot on the target SCell overlapping with the slot on PCell for PUCCH transmission.
Proposal 10: For PUCCH carrier switching based on semi-static RRC configuration, UE does not expect a time-domain pattern configuration where the PUCCH cell switching point would not be aligned with the slot or sub-slot boundary of the secondary PUCCH cell
Proposal 11: For joint operation of dynamic and semi-static PUCCH carrier switching, it is not expected that the target PUCCH cell determined based on dynamic indication in DCI is different from the PUCCH cell determined by switching pattern configured for semi-static PUCCH carrier switching scheme.

[8] R1-2111341	HARQ-ACK enhancements for Rel-17 URLLC/IIoT	OPPO
[9] R1-2111390	Remaining issues in HARQ-ACK enhancements for URLLC	Sony

Observation 1: The ability for the triggering DCI for Type 3 CB to decide whether to schedule a PDSCH or not already exists in Rel-16 and hence, maintaining this ability in Rel-17 is NOT an optimization.
Observation 2: Removing the ability for the triggering DCI for e-Type 3 CB to decide whether to schedule a PDSCH or not in Rel-17 would be a degradation of this feature compared to Rel-16 and hence there is no justified reason to remove it.
Observation 3: The likely failure of the DAI mechanism is when the UE misses the last DL Grant associated to a PUCCH carrying a Type 2 HARQ-ACK Codebook.
Observation 4: If the UE is configured with Type 2 HARQ-ACK Codebook, its DL Grant would be configured with DAI fields and since the 1-shot ReTx CB triggering DCI is also a DL Grant, these DAI fields are already present in the triggering DCI.  Hence, reusing the already configured DAI function in the triggering DCI is NOT an optimization. 
Observation 5: Deliberately removing the DAI function that is already configured in the triggering DCI (i.e., DL Grant) degrades the Rel-17 performance of the DL Grant compared to previous releases.
Observation 6: When the number of HARQ-ACK retransmissions NHARQ is small, it is more efficient in terms of Codebook size to use the dynamic 1-shot ReTx CB for HARQ-ACK retransmissions.  On the other hand, if NHARQ is large, a semi-static sized e-Type 3 CB would provide robustness and the loss in codebook size efficiency is not significant.
Observation 7: 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 8: The 2 levels of L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH repetitive collisions.
Observation 9: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.

We therefore propose the following:
Proposal 1: Regardless of whether X=1 or X>1 e-Type 3 CBs are configured for the UE, the triggering DCI should be able to indicate whether a PDSCH is scheduled or not.
Proposal 2: When the DL Grant triggers a 1-shot e-Type 3 CB, reuse Rel-16 Type 3 CB mechanism to indicate whether a PDSCH is scheduled or not, and if a PDSCH is scheduled, a default e-Type CB is used for HARQ-ACK retransmissions, i.e.:
· If FDRA is all “0s” or all “1s”, then a PDSCH is not scheduled, and the fields used for PDSCH scheduling are reinterpreted to indicate one of X e-Type 3 CBs
· If FDRA is not all “0s” or all “1s” (i.e., indicates a valid value), then a PDSCH is scheduled, and the UE uses a default e-Type 3 CB to retransmit the HARQ-ACKs.  The default e-Type 3 CB can be RRC configured
Proposal 3: For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx, in slot/sub-slot m+k and indicating HARQ_retx_offset (KReTx), the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as (Alt. 1) n = m - HARQ_retx_offset.
Proposal 4: The granularity of the target PUCCH offset KReTx follows the smallest K1 granularity of the configured HARQ-ACK PUCCHs.
Proposal 5: If the DAI fields are configured in the DL Grant, the triggering DCI will repeat the DAI values of the last DL Grant associated with the target PUCCH carrying a Type 2 HARQ-ACK Codebook.
Proposal 6: If the UE is configured with 1-shot ReTx CB and e-Type 3 CB and the triggering DCI triggers for HARQ-ACK retransmissions of a target PUCCH, the UE uses a HARQ-ACK Codebook type based on the number of HARQ-ACK retransmissions NHARQ and a threshold THARQ as follows:
· If NHARQ ≤ THARQ, the UE uses 1-shot ReTx CB
· If NHARQ > THARQ, the UE uses e-Type 3 CB

Proposal 7: If the UE is configured with Rel-17 Intra-UE multiplexing, SPS HARQ deferral of different L1 priorities can be multiplexed into a target PUCCH.
Proposal 8: Deferred SPS HARQ-ACKs of different L1 priorities can be multiplexed into a target PUCCH together with non-deferred HARQ-ACKs of the target PUCCH if Rel-17 Intra-UE multiplexing is enabled for that target PUCCH.
Proposal 9: If sub-slot PUCCH repetition is introduced, reduce the priority of a repetition according to the number of repetitions that have already been transmitted.

[10] R1-2111434	Discussion on PUCCH carrier switching for HARQ feedback enhancement	China Telecom

Proposal 1: For PUCCH carrier switching based on dynamic indication, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 or 1_2, or the bit width of the PUCCH resource indicator in DCI format 1_2 for one PUCCH cell is not equal to the same field for another PUCCH cell, a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same.
Proposal 2: For PUCCH carrier switching based on dynamic indication, UE doesn’t expect the slots/sub-slots of the HARQ-ACK without dynamic PUCCH cell indication, SR and P/SP-CSI on PCell/PScell/PUCCH-Scell to overlap with the slots/sub-slots of PUCCH on dynamically indicated Scell.
Proposal 3: For PUCCH carrier switching based on dynamic indication, both DCI indicating PUCCH transmission on SCell with shorter slot/sub-slot length than PCell and DCI has indicating PUCCH transmission on SCell with larger slot/sub-slot length than PCell are supported.
Proposal 4: For PUCCH carrier switching based on dynamic indication, when the PCell PUCCH slot length is shorter than the dynamically indicated PUCCH cell slot, the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
Proposal 5: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 1 HARQ-ACK codebook, the UE is not expected to be configured with different k1 sets, non-aligned PUCCH slots or sub-slots boundaries across all configured PUCCH target cells. 
Proposal 6: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 2 HARQ-ACK codebook, the Rel-16 Type 2 HARQ-ACK codebook construction can be directly reused. 
Proposal 7: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot, the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
Proposal 8: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single target PUCCH cell slot.
Proposal 9: For semi-static PUCCH cell switching, the Type 1 HARQ-ACK codebook construction is based on the configured K1 set(s) of the PCell / PSCell / PUCCH-SCell.
Proposal 10: For semi-static PUCCH cell switching, the Rel-16 Type 2 HARQ-ACK codebook construction can be directly reused.

[11] R1-2111489	Remaining open issues of UE HARQ feedback enhancements	Intel Corporation

Proposal 1
· For SPS HARQ-ACK deferral,
· Alt. 1: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported

Proposal 2
· For SPS HARQ-ACK deferral, support 32 as the maximum bound for k1
· FFS whether to limit > 15 cases to sub-slot PUCCH configurations only

Proposal 3
· Do not support joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching for the case of different numerologies on switchable carriers

Proposal 4
· For the case when R17 intra-UE multiplexing is configured together with SPS HARQ-ACK deferral, the deferral is checked after resolving overlapped UL channels between different priorities (i.e., deferral is determined after step 2, if any).
· If the resultant UL channel is a PUCCH resource for SPS PUCCH for priority i, then, defer the SPS HARQ-ACK for priority i

Proposal 5
· Support triggering of enhanced Type 3 CB transmission by DCI not scheduling other PDSCH
· When “One-shot HARQ-ACK request” flag is set to 1, the same condition on FDRA state is reused to indicate that DCI does not schedule PDSCH
· An unused field in DCI (e.g. MCS, HARQ ID, RV, etc) is utilized to indicate one of N RRC configured eType3 codebooks requested for retransmission
· Prefer MCS field
· Support triggering of enhanced Type 3 CB transmission by DCI scheduling PDSCH
· When “One-shot HARQ-ACK request” flag is set to 1, eType 3 CB is constructed according to the type provided by the first entry in RRC table for the dynamic eType3 CB type indication

Proposal 6
· For one-shot triggering of dropped HARQ-ACK retransmission, support Alt. 2 option of determination of PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted: n = m + k - HARQ_retx_offset
· The value range is 1 < HARQ_retx_offset < 15

Proposal 7
· For one-shot triggering of dropped HARQ-ACK retransmission, RAN1 to consider handling of situations when DCI(s) (including all DCIs) scheduling HARQ-ACK in the dropped PUCCH were missed, and the PUCCU is requested to be retransmitted.

Observation 1
· Joint operation of eType3 CB and one-shot HARQ-ACK retransmission should not be optimized/discussed due to uncertain benefits from this combination

Proposal 8
· Confirm RAN1#106bis-e working assumption with the following change
	· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config.
· Support of inter-subslot FH is a separate capability for a given sub-slot length of 2 and 7 symbols



Proposal 9
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· A UE is not expected to perform blind hypothesis testing of ‘PUCCH cell indicator’ bitfield position and the total DCI size for formats 1_1 and 1_2
· FFS mechanisms to avoid that
· A UE is not expected to perform blind hypothesis testing for DCI bitfields which size / position is dependent on PUCCH configuration and for the total DCI size for formats 1_1 and 1_2 in case of semi-static pattern-based switching
· FFS mechanisms to avoid that

Proposal 10
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· When the indicated PUCCH resource is associated with > 1 repetitions, the cell for PUCCH repetitions transmission is fixed to the same cell as the initial PUCCH repetition

Proposal 11
· For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), the following PUCCH cell slot is used for UCI transmission:
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)

[12] R1-2111567	UE feedback enhancements for HARQ-ACK	Xiaomi

Proposal 1: If the UE is configured with R17 intra-UE multiplexing, SPS HARQ-ACK for deferral of different PHY priorities should be multiplexed and jointly deferred.
Proposal 2: For joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral, PUCCH carrier switching should be performed with high priority.
Proposal 3: SPS HARQ-ACK deferral should not be further performed on switched PUCCH carrier.
Proposal 4: ‘one-shot HARQ-ACK request’ field should not be reused for indicating the HARQ-ACK CB to be re-transmitted.
Proposal 5: For PUCCH cell switching based on dynamic indication, if the multiplexing of some UCI from PCell/PScell/PUCCH-cell is not supported, we prefer understanding A.

[13] R1-2111604	Discussion on UE feeback enhancements for HARQ-ACK	CMCC

Proposal 1: With semi-static PUCCH cell switching to shorter Scell slot, take Alt.3 as the solution to match a specific target PUCCH Scell. i.e., a relative slot offset is configured in the time domain pattern along with cell index. 
Proposal 2: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, choose Alt. 4 as the solution: the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.

[14] R1-2111678	Discussion on UE feedback enhancements for HARQ-ACK	Panasonic
Proposal 1: The maximum deferral period for a SPS process should be selected from the range of {1, 2, …, 16}.
Proposal 2: The UE should be configured with an sps-PUCCH-AN-List-r16 or n1PUCCH-AN for each PUCCH carrier when both HARQ-ACK deferral and PUCCH carrier switching are enabled.
Proposal 3: The UE defers the SPS HARQ-ACK to a PUCCH with a repetition if the initial PUCCH resource is within the deferral period, i.e., k1+k1def. The Rel.16 procedure should be reused for handling the collision between the PUCCH repetition and another PUCCH.
Proposal 4: If more than one enhanced Type 3 HARQ-ACK codebook are configured and 1-bit triggering indication is used, the triggering DCI with the single triggering bit set to ‘1’
· The triggering DCI can schedule PDSCH, then a default Type 3 HARQ-ACK codebook is triggered, e.g., the DCI triggers the Rel.16 Type 3 HARQ-ACK codebook or 1st Type 3 HARQ-ACK codebook in the list.
· If the triggering DCI does not schedule PDSCH, some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered.
Proposal 5: For one-shot triggering of HARQ-ACK retransmission on a PUCCH, 
· If triggering of one-shot HARQ-ACK retransmission before the initial PUCCH transmission slot is not supported, Alt.1 is preferred.
· If triggering of one-shot HARQ-ACK retransmission before the initial PUCCH transmission slot is supported, Alt.2 is slightly preferred.

Proposal 6: 1-bit DCI field is used to support the explicit triggering indication for one-shot triggering of HARQ-ACK retransmission on a PUCCH. 
· If the triggering DCI indicates “triggering”, the DCI is not scheduled PDSCH at the same time and some DCI field is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be retransmitted.
Proposal 7: Provide additional slot offset values for the semi-static carrier switching.
Proposal 8: On an overlapping slot, the UE considers the latest UCI for each type.
Proposal 9: The single carrier PUCCH repetition should be supported for the dynamic scheduling, while cross-carrier PUCCH repetition should be supported for SPS.
Proposal 10: To enable dynamic and semi-static PUCCH carrier switching schemes simultaneously, the dynamic DCI overrides the semi-static configurations.

[15] R1-2111704	UE feedback enhancements for HARQ-ACK	NEC
Proposal 1:
· If the UE configured with Rel-17 Intra-UE multiplexing, SPS HARQ-ACK for deferral of different PHY priorities is jointly deferred to a target PUCCH slot and the total SPS HARQ-ACK payload size subject to deferral is considered as high PHY priority.
Proposal 2:
· Support joint operation of dynamic PUCCH carrier switching and SPS HARQ-ACK deferral.
· When the joint operation is configured, PUCCH carrier switching for SPS HARQ-ACK has priority over SPS HARQ-ACK deferral.
Proposal 3:
· When SPS deferral and cancelled HARQ-ACK retransmission are jointly configured for UE, 
· Support UE to follow the DCI indication to transmit the SPS HARQ-ACK on the indicated PUCCH resource and stop SPS HARQ-ACK deferral.
Proposal 4:
· When Type-2 HARQ-ACK codebook is configured for UE, for multiplexing of retransmitted HARQ-ACK and initial HARQ-ACK on a codebook,  
· Support the triggering DCI carrying separate t-DAI values to separately indicate the total number of retransmitted HARQ-ACK bits and the total number of initial HARQ-ACK bits if the DCI without scheduling PDSCH is used to trigger the HARQ-ACK retransmission.
Proposal 5:
· Further study the enhancements on current DRX mechanism to better support dynamic requested HARQ-ACK retransmission. E.g.,   
· Start drx-RetransmissionTimerDL in the first symbol after the corresponding cancelled PUCCH transmission to ensure UE has chance to receive the PDCCH for triggering HARQ-ACK retransmission.
Proposal 6:
· Supporting joint operation of dynamic and semi-static carrier switching for a UE is slightly preferred. 
Proposal 7:
· For semi-static PUCCH cell switching and PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported (i.e., the target PUCCH cell determination only applies to the first PUCCH repetition)
· Note: for semi-static PUCCH cell switching, the target PUCCH cell determined for the first PUCCH repetition applies to the PUCCH repetition bundle based on the Rel-16 PUCCH repetition procedure. 
Proposal 8:
· In case PUCCH for HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on Pcell/Pscell is overlapped with a dynamic indicated PUCCH on cell (other than PCell / PSCell / PUCCH-SCell), 
· Dropping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI. 
Proposal 9: 
· For dynamic PUCCH cell indication, support overlapping definition for SR and P/SP-CSI in terms of PUCCH resource.

[16] R1-2111730	On HARQ-ACK reporting enhancements	Samsung
Proposal 1: Either PUCCH repetitions do not consider limitations of SPS deferral, such as maximum configured deferral value, or joint configuration of PUCCH repetitions and SPS HARQ-ACK deferral is not supported. 
Proposal 2: SPS HARQ-ACK deferral is supported only for RRC-based PUCCH cell switching. 
Proposal 3: If a UE is not configured with Rel-17 intra-UE multiplexing, the UE first performs Rel-16 prioritization and, if a LP SPS HARQ-ACK PUCCH is deprioritized, down-select from the following two options:
Option 1: The LP SPS HARQ-ACK is dropped.
Option 2: UE determines whether the LP SPS HARQ-ACK PUCCH can be deferred.
Proposal 4: If a UE is configured Rel-17 intra-UE multiplexing, the UE first performs Rel-17 intra-UE multiplexing. If a LP SPS HARQ-ACK is multiplexed with a HP SPS HARQ-ACK in a HP SPS HARQ-ACK PUCCH resource and the PUCCH overlaps with semi-static DL symbols/SSB, SPS HARQ for deferral of different priorities can be separately deferred to a next PUCCH slot/sub-slot according to their respective priorities.

Proposal 5: Confirm the WA for inter-sub-slot FH in case of 2-symbol sub-slot based PUCCH repetition.

Proposal 6: For the retransmission of a HARQ-ACK CB
· Support a non-scheduling DCI format (deprioritize a scheduling DCI, subject to minimum specification impact)
· The PUCCH slot n for the triggered HARQ-ACK CB is n = m - HARQ_retx_offset - m is the slot of the DCI format reception and HARQ_retx_offset is the indication in the DCI format
· No other enhancements are necessary

Proposal 7: For the Rel-17 Type-3 HARQ-ACK CB
· Support a scheduling DCI format (deprioritize a non-scheduling DCI, subject to minimum specification impact)
· Re-use Rel-16 mechanisms for indicating the Rel-17 Type-3 HARQ-ACK CB
· No other enhancements are necessary

Proposal 8: PUCCH cell switching is not supported in FR2.

Proposal 9: Focus on RRC-based PUCCH cell switching. For DCI-based PUCCH cell switching, support a functionality only if it does not have any additional specification/implementation impact.

Proposal 10: For PUCCH cell switching
· For path-loss measurement on the PUCCH-sSCell, use the same RS as for the PUSCH or as specified for SRS cell switching in case of no PUSCH
· The PUCCH-sSCell has SCS that is larger than or equal to the SCS of the PCell
· If more than one slots on the PUCCH-sSCell overlap with a slot on the PCell, the first overlapping slot is used
· A new 1-bit field in DCI formats 1_1/1_2 indicates the cell of PUCCH transmission (PCell or PUCCH-sSCell)
· RRC-based PUCCH cell switching applies to all UCI types
· PHR for PUCCH on PUCCH-sSCell can be considered – if so, re-use the PHR for SRS cell switching
· PUCCH repetitions follow the RRC-based pattern – DCI-based PUCCH cell switching is not supported together with PUCCH repetitions

Proposal 11: 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.

Proposal 12: Remove duplicated HARQ-ACK information from the Type-1 HARQ-ACK codebook for intra slot PDSCH repetition.

[17] R1-2111839	HARQ enhancements for IIoT and URLLC	InterDigital, Inc.
Proposal 1:  For the case of more than one configured enhanced Type 3 CB, the triggering DCI can schedule a PDSCH:
· If PDSCH is being scheduled, the DCI triggers the first enhanced Type 3 HARQ-ACK codebook
· If PDSCH is not scheduled, some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered 
Proposal 2:  The legacy 1-bit of HARQ CB Type 3 request is used for triggering indication of one-shot HARQ re-transmission:
· If PDSCH is being scheduled, the DCI triggers the retransmission of last dropped HARQ-ACK codebook.
· If PDSCH is not scheduled, some unused DCI field in the triggering DCI is used to indicate HARQ_retx_offset.
Proposal 3:  Simultaneous configuration of enhanced Type 3 HARQ codebook and one-shot HARQ retransmission is not supported.
Proposal 4:  Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching is supported. 

[18] R1-2111867	HARQ-ACK feedback enhancements for URLLC	Apple
Proposal 1: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Adopt Alt. 1, i.e. the first target PUCCH slot overlapping with the PCell slot


Proposal 2: Adopt Alt. 4, i.e. PUCCH carrier switching does not support the case where the PCell slot would be shorter than the target PUCCH cell slot.

Proposal 3: For semi-static PUCCH cell switching, the time-domain pattern configuration has the same periodicity as the TDD-UL-DL-Pattern. 

[19] R1-2111942	HARQ-ACK feedback enhancement for IIoT/URLLC	Lenovo, Motorola Mobility
Proposal 1: When a UE is configured with Rel-17 intra-UE multiplexing of different priorities, an initial slot and a target PUCCH slot for SPS HARQ-ACK deferral are determined after performing the Rel-17 intra-UE multiplexing operation. Further, SPS HARQ-ACK of different PHY priorities are separately deferred with target PUCCH slots separately determined according to their respective PHY priorities.
Proposal 2: UE does not expect that a SPS configuration is configured with SPS HARQ-ACK deferral, when a PUCCH resource determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the SPS configuration is configured with repetition (i.e. repetition factor >1).
Proposal 3: If a PUCCH/PUSCH other than a PUCCH provided by n1PUCCH-AN or PUCCH SPS-PUCCH-AN-List-r16 is used for deferred SPS HARQ-ACK transmission in a target PUCCH slot, the max. deferral is applicable to the first PUCCH/PUSCH repetition.  
Proposal 4: Timing information of a HARQ-ACK codebook/PUCCH occasion triggered for retransmission is defined in terms of a slot/sub-slot offset with respect to a DL slot where a DCI format triggering the retransmission is detected (Alt. 1: n = m - HARQ_retx_offset).
Proposal 5:  UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot would be overlapping with more than one PCell slot. If a PCell slot is longer than a target PUCCH cell slot, UE can use the first target PUCCH slot overlapping with the PCell slot for UCI transmission.
Proposal 6: For dynamic PUCCH cell indication, gNB implementation can ensure that PUCCH transmissions would not occur in more than one cell of a PUCCH-cell group in a given PCell/PSCell/PUCCH-SCell slot. 

[20] R1-2111988	UE feedback enhancements for HARQ-ACK	ETRI

Regarding HARQ-ACK deferral,
Proposal 1: If being repeated, the PUCCH is transmitted within the latest effective time window in the HARQ codebook if applicable.
Proposal 2: It is allowed to multiplex deferred SPS HARQ-ACK bits in the same priority index.
Proposal 3: The deferred SPS HARQ would be dropped if BWP switching is triggered.
Regarding HARQ-ACK retransmissions,
Proposal 4: The reference time to derive HARQ-ACK codebook is introduced in terms of a (sub) slot, where the HARQ-ACK of relevant HARQ processes are involved.
Proposal 5: The dropped HARQ codebook can be appended to the initial HARQ codebook.
Proposal 6: The retransmitting HARQ codebook can consist of only valid HARQ-ACK bits.
Proposal 7: The maximum time window or the maximum number for keeping HARQ codebooks can be configured.
Regarding PUCCH carrier switching,
Proposal 8: Alt. 1 (choose the first target slot when the PCell PUCCH slot is longer) is preferred.
Proposal 9: Alt. 2 (multiplex a given UCI type within at most one PCell slot) is preferred.
Proposal 10: Changing a serving cell for PUCCH transmission with repetition may have the same numerology between serving cells if supported.
Proposal 11: SPS HARQ-ACK deferral may not be configured if PUCCH cell switching is enabled at least for different numerology.

[21] R1-2112052	Discussion on UE feedback enhancement for HARQ-ACK	LG Electronics
Proposal #1: HARQ-ACK codebook for deferred SPS HARQ-ACK is appended to enhanced type-3 codebook or one-shot HARQ-ACK re-transmission, if any. 
Proposal #2: If PUCCH resource in a slot has repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the Rel-16 rule without considering/applying the rules/limitations of SPS HARQ-ACK deferral. 
Proposal #3: For target PUCCH with K repetitions in the target slot, the maximum deferral value can be increased by K.
Proposal #4: To handle joint operation between PUCCH repetition and SPS HARQ-ACK deferral, following options can be considered. 
· Option 1: PUCCH resource with repetition is regarded as invalid for SPS HARQ-ACK deferral. When UE determines a target slot for deferred SPS HARQ-ACK, UE would choose different slot where the valid PUCCH without repetition is. 
· Option 2: If target slot and PUCCH resource are determined and the determined PUCCH resource is configured with repetitions, UE would drop the deferred SPS HARQ-ACK.
Proposal #5: SPS HARQ-ACK deferral for a SPS configuration is enabled by configuring the maximum deferral value in the SPS configuration. 
Proposal #6: For joint operation between SPS HARQ-ACK deferral and PUCCH carrier switching, UE should apply PUCCH carrier switching first prior to SPS HARQ-ACK deferral procedure. 
· FFS: the case where UL slot in the switched carrier is invalid for SPS HARQ-ACK PUCCH. 
Proposal #7: For joint operation between SPS HARQ-ACK deferral and one-shot HARQ-ACK re-transmission, UE assume there is no SPS HARQ-ACK deferral for the one-shot HARQ-ACK re-transmission. In other words, UE performs one-shot HARQ-ACK re-transmission as if no SPS HARQ-ACK deferral occurs or is configured.
Proposal #8: At least the following conditions are kept for SPS HARQ deferral in case with intra-UE multiplexing. 
· SPS HARQ-ACK deferral is enabled in RRC
· PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 is considered as final PUCCH after intra-UE UL multiplexing
· PUCCH resource are overlaps in time with semi-static DL symbol, SSB and/or CORESET#0
Proposal #9: If a SPS HARQ-ACK in a slot meets the deferring condition before inter-priority multiplexing and the SPS HARQ-ACK cannot be transmitted after inter-priority multiplexing, the SPS HARQ-ACK can be deferred.
Proposal #10: Rel-17 inter-UE multiplexing can be considered to determine valid target slot for SPS HARQ-ACK deferral. 
Proposal #11: To determine the priority of deferred SPS HARQ-ACK from the PUCCH multiplexed with different priority, HARQ-ACK priority is given by corresponding SPS configuration regardless of deferred PUCCH resource in initial slot. 
Proposal #12: Type-3 HARQ-ACK codebook and one-shot HARQ-ACK re-transmission can be enabled simultaneously.
Proposal #13: Unified triggering method for both type-3 HARQ-ACK codebook and one-shot HARQ-ACK re-transmission is be supported.
· On the top of 1bit triggering field, following additional information is given by the re-used existing field(s).
· 1 bit scheme indicator
· To indicate that either type-3 HARQ-ACK codebook or one-shot HARQ-ACK re-transmission is triggered
· N bit additional information
· For type-3 HARQ-ACK codebook, the additional information would be to indicate a sort of candidate Type-3 codebooks
· For one-shot HARQ-ACK re-transmission, the additional information would be to indicate the slot offset to determine the PUCCH occasion to be retransmitted
Proposal #14: It can be considered to use the existing 1 bit triggering field as the scheme indicator only when no DL-SCH is scheduled. 
Proposal #15: For the indication of the slot offset to trigger the one-shot HARQ-ACK re-transmission, Alt. 2 is adopted. 
Proposal #16: For PUCCH carrier switching based on semi-static pattern, in case where the PCell slot is longer than the slot or sub-slot in the target PUCCH cell (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), the first target PUCCH cell slot overlapping with the PCell slot is determined as the slot for PUCCH transmission.

Proposal #17: For PUCCH carrier switching based on semi-static pattern, UE assume K1 set configured in PCell/PSCell/PUCCH-SCell to interpret DCI field of PDSCH-to-HARQ-timing indicator. 
Proposal #18: For UE configured to use both dynamic and semi-static carrier switching, it is necessary to define which sets of HARQ-ACK timing values (configured for which cell) would be used for HARQ-ACK codebook construction. 
Proposal #19: It is necessary to discuss how UE determines PUCCH resource for SR/CSI transmission on the target (switched) cell.
Proposal #20: For PUCCH carrier switching based on dynamic indication, following can be considered:
· UE is not expected to receive PDCCH without PUCCH carrier indication which schedules HARQ-ACK PUCCH in a slot where another HARQ-ACK PUCCH is scheduled with PUCCH carrier indication. 
· UE drop SR/P-CSI transmission on a PUCCH resource if the PUCCH resource is overlapped with other PUCCH scheduled with PUCCH carrier indication.
Proposal #21: For PUCCH repetition in a cell, UE regards a slot mapped to different cell as invalid slot for the PUCCH repetition, so that the slot is not used for the PUCCH repetition. 


[22] R1-2112076	Discussion on UE feedback enhancements for HARQ-ACK	FGI, Asia Pacific Telecom
Proposal 1	For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot, apply Alt.1: the first target PUCCH slot overlapping with the PCell slot. 
Proposal 2	For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, apply Alt.2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
Proposal 3	How to handle misaligned PUCCH configuration from different PUCCH cells, for example, sub-slot configuration, priority indication of PUCCH, and SPS PDSCH only HARQ-ACK, should be specified in this meeting.
Proposal 4	To handle misaligned PUCCH configuration, consider prohibiting some parameters in PUCCH-Config from being different or establishing some rules for PUCCH carrier switching procedure.
Proposal 5	Apply semi-static PUCCH carrier switching as basis and further override the configured PUCCH carrier for a slot by DCI.
Proposal 6	 Expand the PUCCH spatial relation Activation/Deacitvation MAC CE to indicate PUCCH-SpatialRelationInfo for multiple cells or make some rules to ensure the PUCCH-SpatialRelationInfo is correctly indicated before switching PUCCH cell.
Proposal 7	For PUCCH carrier switching, ensure that a cell to transmit a PUCCH corresponding to the PDSCH providing PUCCH-SpatialRelationInfo is same as the cell indicated by the MAC CE. 

[23] R1-2112081	UE feedback enhancements for HARQ-ACK	TCL Communication Ltd.

Proposal 1: The maximum value that can be configured as the maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration is 15 (reuse the maximum value of k1, i.e., RRC value range is {1…15}) or 16 (use 4bit, i.e., RRC value range is {1…16}).
Proposal 2: For joint operation of SPS HARQ deferral and PUCCH repetition, simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported.
Proposal 3: For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as n = m - HARQ_retx_offset.
Proposal 4: Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the ‘HARQ-retx offset’. 
Proposal 5: For PUCCH cell switching based on dynamic indication, if the multiplexing of some UCI from PCell/PScell/PUCCH-cell is not supported, UE doesn’t expect the UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell.
Proposal 6: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
Proposal 7: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.

[24] R1-2112102	Discussion on HARQ-ACK feedback enhancements for Rel.17 URLLC	NTT DOCOMO, INC.

Proposal 1: If the PUCCH repetition factor for the determined PUCCH resource in initial slot or target slot is larger than 1, Rel-16 PUCCH repetition postponing is applied without considering SPS HARQ-ACK deferring.
Proposal 2: Joint operation of SPS HARQ-ACK deferring and PUCCH carrier switching is not supported.
Proposal 3: If multiple enhanced type 3 HARQ-ACK CBs are configured, the triggering DCI can’t schedule PDSCH. Dynamic selection among multiple configured enhanced type 3 HARQ-ACK CBs is indicated by unused fields (e.g. TDRA, FDRA, HPN, etc.). 
Proposal 4: Deferred SPS HARQ-ACK bits from initial PUCCH slots before reporting slot of enhanced type 3 HARQ-ACK CB with smaller CB size will be dropped.
Proposal 5: For one-shot triggering of HARQ-ACK retransmission,
· The one-shot triggering DCI can’t schedule any PDSCH. “HARQ_retx_offset” is indicated by some unused DCI bits. 
· If PUCCH cell switching is not enabled, the“HARQ_retx_offset” is interpretated based on the numerology of the PCell/PScell/PUCCH-Scell.
· If PUCCH cell switching is enabled, the“HARQ_retx_offset” is interpretated based on the numerology of the PUCCH cell of the “old HARQ-ACK CB”.
· To support one-shot HARQ-ACK retransmission triggering for cases with or without PUCCH cell switching, support Alt 1 (i.e. n = m - HARQ_retx_offset) to determine the slot/sub-slot of the HARQ-ACK codebook to be re-transmitted.
· If PUCCH cell switching is enabled, PUCCH cellof the “old HARQ-ACK CB” needs to be explicitly or implicitly indicated.
Proposal 6: For interaction of SPS HARQ-ACK deferring and one-shot triggering of HARQ-ACK retransmission,
· one-shot triggered new retransmission should not impact deferring for SPS HARQ-ACK bits with different PHY priority from the priority indicated by the triggering DCI.
· deferred SPS HARQ-ACK bits with same PHY priority from initial PUCCH slots and before the new reransmission PUCCH slot will be dropped.
Proposal 7: It is not expected that (enhanced) type 3 HARQ-ACK CB is scheduled to be transmitted in the same PUCCH slot as the one-shot triggered new retransmission PUCCH.
Proposal 8: Only initial HARQ-ACK bits in the indicated “old HARQ-ACK CB” will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI.
Proposal 9: For PUCCH cell switching base on semi-static configuration, 
· For the case the PCell/PScell/PUCCH-Scell slot to be longer than the target PUCCH cell slot or sub-slot, Alt 1 is preferred..
· For the case the PCell/PScell/PUCCH-Scell slot to be shorter than the target PUCCH cell slot or sub-slot, Alt 4 is preferred. If SCS of target cell is smaller than SCS of PCell/PScell/PUCCH-Scell, the first slot overlapping with the PUCCH slot on PCell/PScell/PUCCH-Scell is determined as the PUCCH slot after PUCCH carrier switching.
Proposal 10: Keep the same sub-slot/slot configuration for corresponding priority on the multiple PUCCH cells.
Proposal 11: PUCCH cell switching based on semi-static configured PUCCH cell pattern is disabled if the Scell in the configured PUCCH cell pattern is de-activated.
Proposal 12: If dynamic and/or semi-static PUCCH cell switching is/are enabled,
· For Type 2 HARQ-ACK CB generation, 
· Rel-15/16 rule based on DAI counter can be reused.
· For Type 1 HARQ-ACK CB generation,
· If  HARQ-ACK PUCCH is reported on dynamically indicated PUCCH cell, 
· Type 1 HARQ-ACK CB generation should be based on K1 set configured for the DCI format(s) which are enabled for dynamic PUCCH cell indication.
· If HARQ-ACK PUCCH is reported on PUCCH cell without dynamic PUCCH cell indication (on PCell/PScell/PUCCH-Scell, or on Scell indicated by semi-static PUCCH cell pattern),
· Type 1 HARQ-ACK CB generation can be simply based on K1 sets configured on PCell/PScell/PUCCH-Scell.
Proposal 13: If there is dynamic PUCCH cell indication for the PUCCH, UE follows the dynamic PUCCH cell indication. Otherwise, UE follows semi-static PUCCH cell pattern indication. 
Proposal 14: If semi-static PUCCH carrier switching is enabled, a PUCCH repetition mapping to a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition will be dropped.

[25] R1-2112173	On the UE feedback enhancements for HARQ-ACK	ITRI

Proposal 1:
The DCI should not be used for PDSCH scheduling when triggering the one-shot HARQ-ACK retransmission. Some unused fields can be re-interpreted for the purpose of one-shot HARQ-ACK retransmission.
Proposal 2: 
The triggering DCI for HARQ-ACK retransmission should occur after the initial HARQ-ACK slot.
Proposal 3: 
For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as n = m - HARQ_retx_offset
Proposal 4: 
The triggering DCI should explicitly indicate the CB size for the HARQ-ACK retransmission
Proposal 5: 
For PUCCH carrier switching based on semi-static operation, using a relative slot-offset within the reference cell slot for UCI transmission when multiple target PUCCH cell slots overlap with a single PCell slot.
Proposal 6: 
For PUCCH carrier switching based on semi-static operation, the UE does not expect a single target PUCCH slot to overlap with more than one PCell slot.

[26] R1-2112209	HARQ-ACK enhancement for IOT and URLLC	Qualcomm Incorporated

In summary, we make the following observations for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Observation 1: Deferring SPS PUCCH A/N to “1st available PUCCH resource” does not always guarantee that the 1st available PUCCH resource is indeed available. This is a valid argument in cases of multiple SPS HARQ deferrals; presence of other HARQ bits, either for DG traffic or for non-deferred HARQ bits. In order to avoid collisions with other PUCCHs or PUSCHs for other UEs, which might lead to HARQ bits dropping or to further deferral, other mechanism controlled by the network are needed.
Observation 2: Multiplexing of SPS PUCCH repetitions with other PUCCH repetitions of different priority and starting at different slot is extremely rare in general. It is even more rare in an URLLC/IIOT context.
Observation 3: In the only allowed case of multiplexing of SPS PUCCH with repetitions with other PUCCH repetitions of different priority and starting at a different slot, there are occasions when the UCI payload will be different between repetitions.
Observation 4: The promoted solution of triggered HARQ CB reTx results in an undesirably high number of DCI overhead bits.
In summary, we make the following proposals for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: SPS HARQ-ACK deferral is not activated for UEs configured to monitor PDCCH for DCI 2_0 (SFI).

Proposal 2: Maximum deferral value to be configured by RRC should be equal to 16 slots, or 64 sub-slots.
Proposal 3: The maximum deferral time to be supported is subject to UE capability.
Proposal 4: For Rel. 17 intra-UE multiplexing of HP deferred SPS HARQ and LP deferred SPS HARQ, if there is at least a single high priority HARQ bit in the combined HARQ CB, the whole HARQ CB is of high priority.

Proposal 5: Support multiplexing of deferred SPS HARQ with a known/existing DG PUCCH or PUSCH at a slot, located up to 2 slots later than the target slot (slot of first available PUCCH resource).

Proposal 6: For SPS HARQ collision with DL symbols, support joint configuration of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” and of any of the below, if applicable.:
· “PUCCH Carrier Switch” (in case of more than 1 PUCCH CCs), 
· “Rel. 17 Type 3 CB HARQ”, or
· “Request triggered HARQ-ACK codebook retransmission”

Proposal 7: Upon joint configuration of any combination of “SPS HARQ deferral to 1st available PUCCH resource”, “PUCCH carrier switching”,  “Rel. 17 Type 3 CB HARQ”, “Triggered request for HARQ Retransmission”, execution of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” starts immediately after the SPS PUCCH HARQ deferral triggering and it stops:
· When appropriate PUCCH resource for the transmission of deferred HARQ is found (for SPS HARQ deferral to 1st available PUCCH resource), or
· When a “PUCCH-carrier switch command” is received in DCI (in case of more than 1 PUCCH CCs and if dynamic PUCCH-carrier switching is activated), or
· When a request for “Rel. 17 Type 3 HARQ CB” is received, or
· When a DCI for “1-shot HARQ retransmission” is received, or
· When DCI granting DG HARQ or DG PUSCH is received and the allocated uplink resources is sufficient for both the new uplink payload (data or UCI) and for deferred SPS HARQ bits, or
When the maximum value of “k1_def” is reached.

Proposal 8: Do not support joint configuration of SPS HARQ deferral and SPS PUCCH repetitions.
Proposal 9: Each RRC Configured Rel. 17 Type 3 HARQ CB is defined by
Option 1
i) The list of CC
ii) Starting HARQ Process ID (per CC)
iii) Size (per CC)
In case of consecutive HARQ Process Reported. 
Option 2
An equal split of the “HARQ Process IDs space” into N equally sized Rel. 17 Type 3 HARQ CBs. N is the total number of configured Rel. 17 Type 3 HARQ CBs.

Proposal 10: Among the RRC configured candidate R17 Type3 HARQ CBs, a single Rel. 17 Type 3 HARQ CB can be requested by a single DCI.

Proposal 11: DCI triggering request for Rel. 17 Type 3 HARQ CB can allocate new PDSCH. A new DCI field is introduced for the dynamic indication of the triggered Rel. 17 Type 3 HARQ CB if multiple candidate Rel. 17 Type 3 HARQ CBs are configured.
· The legacy 1-bit field for requesting R16 Type3 CB is not configured in the DCI in this case
· One entry of the new DCI field can be reserved to indicate that no CB is requested
Introduce UE capability for support of 1, 3 and 7 Rel. 17 Type 3 HARQ CBs.

Proposal 12: For the “triggered HARQ-ACK CB re-transmission”:
Support UE indication of “cancelled HARQ” in UCI, after gNB request
- gNB request for “UE Indication of Cancelled HARQ CB” in DCI 1_1 or DCI 1_2 with an extra bit.
- per each PUCCH resource in the configured PUCCH resource sets, one additional PUCCH resource for the corresponding UCI payload plus 1 bit is configured.
Proposal 13: A single bit DCI field is used for triggering the request for the “triggered HARQ-ACK CB re-transmission”; RRC configures the triggering for the “last” or “earliest” cancelled HARQ CB in a time window.
Proposal 14: Maximum HARQ_reTx_offset value to be configured by RRC should be equal to 16 slots, or 64 sub-slots
Proposal 15: Introduce an expiration time for the storage of “cancelled HARQ CB”. 
The maximum storage time of “cancelled HARQ CB” can be configured by RRC.
Proposal 16: In case the “HARQ-reTx offset” is used for the “cancelled HARQ CB reTx”, RRC configures the cancelled HARQ CB size; the UE always reports the configured HARQ CB size and in case the retransmitted HARQ CB size is smaller than the RRC configured HARQ CB, UE applies padding to the missing HARQ bits. In case the cancelled HARQ CB size is larger than the RRC configured cancelled HARQ CB size, then, the first bits of the cancelled HARQ CB corresponding to the RCC configured cancelled HARQ CB size are reported.
Proposal 17: DCI triggering HARQ CB retransmission can schedule new PDSCH.
Proposal 18: For “triggered HARQ CB reTx” triggered in case of multi-DCI configuration in multi-TRP, in which PUCCH sub-slot transmission is possible in PUCCH slot configurations, the UE detects from which TRP the request originates via the CORESET index used in DCI transmission.
Proposal 19: In case one or more of the HARQ Processes in the requested for retransmission HARQ CB are either: 	- occupied by new HARQ bits, or
            - the HARQ bit corresponds to an expired SPS HARQ, then, 
the UE omits reporting these HARQ Processes in the retransmitted HARQ CB which are filled with new HARQ bit.
Proposal 20: In case of PUCCH carrier switching, the “HARQ-reTx offset” is interpreted according to the numerology and PUCCH configuration of a reference cell.
Proposal 21: Do not support joint configuration of Rel. 17 Type 3 HARQ CB and “triggered HARQ CB reTx”.

Proposal 22: Support automatic transmission of a single cancelled HARQ ACK info at retransmission of PUSCH cancelled by DCI 2_4.
Provided that DCI 0_x indicates same NDI and HARQ Process ID for both cancelled and retransmitted PUSCH.
In case canceled UCI contains CSI, SR and HARQ payload, only HARQ payload is automatically transmitted.
No support for new UCI multiplexed in the retransmitted PUSCH.

Proposal 23: Do not support partial automatic (re)transmission of cancelled HARQ bits.
Proposal 24: Support automatic (re)transmission of 1 single dropped LP HARQ-ACK CB. Automatic (re)transmission at the same PRI as the one for the initial PUCCH allocation; PRI allocation valid for up to N slots.

Proposal 25: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  Alt 1 is adopted, i.e., the first target PUCCH slot overlapping with the PCell slot is used for PUCCH transmission.

Proposal 26: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, Alt. 4 is adopted, i.e., the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.

Proposal 27: Support reusing existing mechanism (e.g., MAC-CE) to signal PUCCH spatial relation on the Scell with PUCCH resources configured. FFS further optimization to reduce signalling overhead. 
Proposal 28: If a PUCCH cell switching in a same slot resulting different PUCCH-spatialRelationInfo before and after the switching, the PUCCH cell switching is counted a “Tx beam change” event twice, where once with the original PUCCH cell and once with the target PUCCH cell.     
Proposal 29: For PUCCH cell switch in NR Rel-17, use type 2 actual PHR to report PHR for an actual PUCCH transmission on Pcell or a Scell in a PUCH group, following the PHR calculation as below.
  [dB] 
Proposal 30: For PUCCH cell switch in NR Rel-17, use type 2 virtual PHR to report PUCCH PHR on Pcell or a Scell without actual PUCCH transmission in a PUCCH group.

Proposal 31: for semi-static PUCCH carrier switch, if a Scell indicated in the time pattern is deactivated by MAC-CE, the Scell cell is fallback to Pcell in the time pattern.

Proposal 32: A PUCCH scheduled by legacy DCI without the dedicated PUCCH target cell indication field is transmitted on a target PUCCH cell following the time pattern for semi-static cell switch, if it is configured by RRC; otherwise, the PUCCH is transmitted on Pcell/PScell/PUCCH-Scell.

Proposal 33: Support semi-static PUCCH carrier switching per PHY priority.

Proposal 34: Support semi-static PUCCH carrier switching for SPS HARQ corresponding to SPS occasion about to expire, i.e. N slots prior to the arrival of the new SPS occurrence.

Proposal 35: RAN1 to study how to support the following joint operations.
· Joint operation of PUCCH cell switch, parallel PUCCH/PUSCH transmission, and intra-UE multiplexing.
· Joint operation of PUCCH cell switch with PUCCH repetition.
· Joint operation of PUCCH cell switch with SPS A/N deferral.

[27] R1-2112285	On UE feedback enhancements for HARQ-ACK	MediaTek Inc.


1. The UE is not expecting an overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI with the dynamically indicated PUCCH

1. The overlapping definition for SR and P/SP-CSI is in terms of PUCCH slot.


1. Support Alt-2 for the case of PCell slot is shorter than the target PUCCH cell slot.
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 

1. Support Alt-1 for the case of PCell slot is longer than the target PUCCH cell slot or sub-slot
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot


1. For semi-static PUCCH cell switching and PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is supported. 

1. For dynamic PUCCH cell switching and PUCCH repetition, the Rel-15 design should be used. i.e. PUCCH repetitions will resume after DL slots on the same PUCCH carrier . 

1. Determine the size of the k1 bit-field in the DCI (Format 1_2 , Format 1_1) based on the largest K1 set in a PUCCH cell group and then pad the bit-field with zeros if a shorter K1 list is used for other PUCCH carriers

1. The PUCCH carrier switching should be only within the configured UL carriers. 

1.  UE reports if the Rel-16 TX switching time is needed for the Rel-17 PUCCH carrier switching. 
1. A new DCI bit-field should be included in the DCI format 2_2 to indicate the PUCCH carrier to which the TPC command applies.

1. The scheduling request configuration (SchedulingRequestConfig) should be defined per PUCCH carrier in the PUCCH group

1. Multiple carriers switching leading to the same initial carrier is allowed. 

1.  If LP-PUCCH transmission is overlapping with HP-CG-PUSCH, the UE prioritizes the transmission of PUSCH and the gNB needs to re-schedule the PUCCH transmission on different or same carrier. For HP-PUCCH re-use Rel-16 prioritization rules.

1. HARQ-ACK codebook per PUCCH carrier to be supported. 

[28] R1-2112395	UE feedback enhancements for HARQ-ACK for NR Rel-17 URLLC/IIoT	CAICT

Proposal 1:  Support Alt.1 when the PCell slot to be longer than the target PUCCH cell slot or sub-slot for PUCCH carrier switching based on semi-static operation.
Proposal 2:  UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.
Proposal 3: For HARQ-ACK codebook construction with semi-static PUCCH carrier switching, based on the reference slot, the numerology and K1 set(s) of PCell / PSCell / PUCCH-SCell rather than based on the actual slot and the numerology and K1 set(s) of the target PUCCH cell. 
Proposal 4:  HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is overlapped with dynamically indicated PUCCH if the slot which these UCIs are located is overlapped with the slot which the dynamically indicated PUCCH is located.
Proposal 5:  For PUCCH cell switching based on dynamic indication, if the multiplexing of some UCI from PCell/PScell/PUCCH-cell is not supported, UE doesn’t expect the UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell.
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