3GPP TSG-RAN WG1 Meeting #106bis-e	R1-2108829
e-Meeting, 11th – 19th October 2021

Agenda Item:	8.3.1.1
Source:	Ericsson
Title:	HARQ-ACK Enhancements for IIoT/URLLC
Document for:	Discussion, Decision
1	Introduction
In RAN1 #106-e [1], many good progresses have been made for Rel-17 HARQ-ACK enhancements for IIoT/URLLC, especially on the topics of SPS HARQ-ACK deferral and retransmission of cancelled HARQ-ACK. The agreements so far can be found in the appendix.
In this contribution, we address remaining open issues of HARQ-ACK enhancements for IIoT/URLLC.
[bookmark: _Ref178064866]2	Discussion
2.1	SPS HARQ-ACK deferral
It was agreed that SPS HARQ-ACK deferral will be supported to address scenarios of potential SPS HARQ-ACK dropping due to mismatch of SPS periodicity, HARQ-ACK timing and valid UL symbols in the TDD pattern. Several design aspects were concluded during RAN1 #106-e. In the following, we discuss a few remaining issues of SPS HARQ-ACK deferral.
2.1.1	Joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
In this section, we discuss aspects of joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching. In our view, if both PUCCH carrier switching and SPS HARQ-ACK deferral are configured for a UE, it is reasonable that SPS HARQ-ACK deferral, if needed, is performed on the determined PUCCH cell.
Effectively, for the transmission of SPS HARQ-ACK subject to both deferral and PUCCH carrier switching, the UE would determine a target PUCCH cell and a corresponding slot in the target PUCCH cell to use for SPS HARQ-ACK transmission. If for some reason, the SPS HARQ-ACK cannot be transmitted in the determined slot of the target PUCCH cell, SPS HARQ-ACK deferral is then performed on the determined PUCCH cell. This approach can achieve lower latency for SPS HARQ-ACK transmission which is the goal of URLLC. 
1. [bookmark: _Toc84035578]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.
[bookmark: _Toc84035601]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.

[bookmark: _Hlk83655152]2.1.2	Maximum value of K1+ K1def
So far, RAN 1 has agreed that there is a limit on the maximum of K1+ K1def for SPS HARQ-ACK deferral. However, the maximum value is not yet agreed. This aspect also has an impact on the RRC specification as mentioned in Section 2.6.
In our view, the value range of the maximum value of K1+ K1def for SPS HARQ-ACK deferral can be for example {1…15} similar to dl-DataToUL-ACK. The UE can signal its capability where gNB can then configure the maximum value not exceeding the UE capability value.

[bookmark: _Toc84035602]Support the value range of the maximum value of K1+ K1def for SPS HARQ-ACK deferral (1…15). 
[bookmark: _Toc61894280][bookmark: _Toc61897250][bookmark: _Toc61897915][bookmark: _Toc61894281][bookmark: _Toc61897251][bookmark: _Toc61897916]
2.1.3	Aspect related to PUCCH repetition
When HARQ-ACK is transmitted on PUCCH with repetition, there is already a deferral behavior associated with it by default, i.e., only slots with valid UL resource are counted towards the configured PUCCH repetition numbers. In this sense, SPS HARQ-ACK which is part of a PUCCH repetition will be transmitted and there is no need to consider Rel-17 SPS HARQ-ACK deferral procedure.
The scenario where there is a need for further deferral is when the SPS HARQ-ACK is part of a PUCCH repetition which partially overlaps with other PUCCH repetitions containing another HARQ-ACK codebook. Since SPS HARQ-ACK is part of the PUCCH repetition, it should not be multiplexed with another HARQ-ACK on the overlapping slots. In this case, the overlapping PUCCH repetition containing SPS HARQ-ACK can be deferred further following the Rel-17 SPS HARQ-ACK deferral.
If PUCCH repetition carrying SPS HARQ-ACK overlaps with other PUCCH repetitions carrying other UCI types, e.g., SR or CSI, then the Rel-15 procedure based on UCI type priority can be followed. That is, on the overlapping slots, the UE transmits the PUCCH which contains the UCI type with higher priority and does not transmit the PUCCH containing the UCI type with lower priority. 
[bookmark: _Toc84035603]When the SPS HARQ-ACK is part of a PUCCH repetition which partially overlaps with other PUCCH repetitions containing HARQ-ACK, the overlapping PUCCH repetition carrying SPS HARQ-ACK can be deferred further following the Rel-17 SPS HARQ-ACK deferral.

[bookmark: _Hlk61362087]2.2 Retransmission of cancelled HARQ-ACK
In RAN1 #106-e, the following agreement was reached.
	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




That is, there are two solutions supported in Rel-17 to perform retransmission of cancelled HARQ-ACK:
· Enhanced Type-3 HARQ-ACK codebook with smaller size
· One-shot triggering (by a DL assignment) of HARQ-ACK retransmission on PUCCH

2.2.1	Enhanced Type-3 HARQ-ACK codebook with smaller size
In RAN1 #106-e, several agreements were reached on enhanced Type-3 HARQ-ACK codebook (CB):
· It was agreed that the codebook size is determined at least by RRC configuration. The codebook construction uses HARQ processes as a basis (i.e., ordered according to HARQ process IDs and serving cells). 
· PHY priority for PUCCH carrying the enhanced Type-3 CB is supported where A/N of HARQ processes can be mapped to the enhanced Type-3 CB regardless of priority.
· Triggering of enhanced Type-3 CB by DCI format 1_2 is supported (independently configured in RRC).
· Dynamic selection of enhanced Type-3 HARQ-ACK CB based on indication in the triggering DCI is supported. 
· UE capability signaling (value range {1…X}) on the maximum # of supported simultaneously configured enhanced Type 3 HARQ-ACK CBs that can be dynamically indicated (Details including the value of X are FFS)
· 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 enhanced Type 3 CB types

In the following, we discussed some remaining open issues. 
In the previous meetings, companies expressed different views on the need for flexibility to operate with multiple reduced sized Type-3 HARQ-ACK CBs.  From our point of view, it is not clear the usefulness of additional flexibility. 
· Firstly, the main enhancement that is needed for Rel-17 is to enable Type-3 HARQ-ACK CB to operate with two-level priorities such that it could be used for URLLC applications. This goal has achieved based on the agreements made. 
· Secondly, it is claimed that the full-size of the Type-3 CB (i.e. as in Rel-16) is too large such that size reduction is almost necessary otherwise, Type-3 CB cannot be used. We repeatedly disagreed with this assessment. Not only no evaluation has proven the claimed shortcoming, but also it is not clear why PUCCH configuration cannot be done properly to achieve the expected reliability. Consider a scenario for FR1 where typically the NW operates with less than 4 cells which results in Type-3 CB size of less than 64 bits. It is not clear for us why UCI of 64 bits is the upper limit for the NW in PUCCH configuration to meet the requirements such that size reduction of UCI is necessary, when at the same time no issue is raised for CSI reporting on PUCCH. Moreover, shown in Table 1 one can clearly see that using different sizes of CB brings no benefit in resource allocation. In case of short PUCCH, please note that the typical use case is FR2 when due to beamforming transmissions are TDM, resulting on no PRB issue for PUCCH resource allocation. 

· Thirdly, the Type-3 configuration is per PUCCH group and reduced size CB corresponds to a set of CCs/HARQ processes. If multiple reduced sized CBs are configured, as long as there is no distinguished difference that can be resulted from scheduling using different CCs/HARQ processes sets, it is not clear how the usage of multiple reduced sized CB would benefit the overall operation. The usage of cells follows the cells activation. Hence, if overhead reduction is a concern, one should consider the activated cells, instead of considering multiple sets of configured cells and then dynamically switch between them. It is also important that partitioning the HARQ processes results in scheduling restrictions, or in other words, its usefulness would be restricted.   


[bookmark: _Ref84035038]Table 1: Number of PRBs of PUCCH resource for transmission of Type-3 CB,  assuming Frequency hopping, Max code rate=1/3 and one DMRs symbol per hop for PF3
	Type-3 CB size (bits)
	14 symbols PF3
	10 symbols PF3
	7 symbols PF3
	4 symbols PF3
	2 symbols PF2

	size 1
4CC*16HP=64
	1
	2
	2
	5
	7

	size 2
3CC*16HP=48
	1
	1
	2
	4
	6

	size 3
2CC*16 HP=32
	1
	1
	2
	3
	4

	size 4
1CC*16 HP=16
	1
	1
	1
	2
	2




[bookmark: _Toc84035579]The main enhancement for Type-3 HARQ-ACK CB should be enabling Type-3 HARQ-ACK CB to operate with two-level priorities. 
[bookmark: _Toc84035580]The claimed shortcoming of using that a full-size Type-3 CB (i.e. as in Rel-16) is not justified.
[bookmark: _Toc84035581]The claimed flexibility provided by dynamic selection between multiple reduced sized Type-3 HARQ-ACK CB is not justified.

On the maximum number of supported simultaneously configured enhanced Type 3 HARQ-ACK CBs that can be dynamically indicated, in our view, having one smaller size Type-3 CB is sufficient, i.e., X=1. The UE can be configured with either Rel-16 Type-3 HARQ-ACK CB or Rel-17 enhanced Type-3 CB to operate with full-sized or reduced sized Type-3 CB. The existing 1-bit DCI field for triggering Type-3 CB can then be reused to trigger the enhanced Type-3 CB when configured.  
When a Rel-16 Type-3 HARQ-ACK CB is configured and triggered, the UE reports HARQ-ACK for all HARQ processes and all component carriers (CCs) configured in the PUCCH group. For the Rel-17 enhanced Type-3 HARQ-ACK CB, the CB size can be limited to contain only a subset of HARQ processes and/or a subset of CCs (e.g., only the activated CCs in the PUCCH group), and thus when configured and triggered, the UE reports the enhanced Type-3 HARQ-ACK CB with reduced size. 
[bookmark: _Toc84035604]The maximum number of supported simultaneously configured enhanced Type 3 HARQ-ACK CBs can be 1, i.e., X=1.
[bookmark: _Toc84035605]The UE can be configured with either Rel-16 Type-3 HARQ-ACK CB or Rel-17 enhanced Type-3 CB to operate with full-sized or reduced sized Type-3 CB.
[bookmark: _Toc84035606]The existing 1-bit DCI field for triggering Type-3 CB is reused to trigger the full-sized or reduced-sized Type-3 CB, whichever is configured.

For Rel-16 Type-3 HARQ-ACK CB, it can be configured to include the NDI value corresponding to each reported PDSCH​ which helps to increase the robustness against PDCCH misdetection. The same approach can be adopted for the enhanced Type-3 CB. It is also possible to configure to a UE to include CBG level A/N (instead of TB level) for each CC when CBG level transmission is configured. In our view, for flexibility, the same approach can be followed for the enhanced Type-3 CB.
[bookmark: _Toc84035607]The enhanced Type-3 HARQ-ACK CB supports additional configurations of NDI reporting and CBG level A/N. The configurations are optional and can be separately configured.

2.2.2	One-shot triggering of HARQ-ACK retransmission on PUCCH
In RAN1 #106-e, several agreements were reached for one-shot triggering of HARQ-ACK retransmission by DL assignment:
· DCI dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted
· Details are FFS
· DCI can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB
· Triggering is done through an explicit triggering indication in the DCI through a DCI field
· PHY priority is supported
· 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. 
· UE does not expect more than one triggering DCI 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
In the following, we discussed some remaining open issues. 
On the DCI format to trigger the HARQ-ACK retransmission, both DCI formats 1_1 and 1_2 should be supported.
[bookmark: _Toc84035608]DCI formats 1_1 and 1_2 are supported for one-shot triggering of HARQ-ACK retransmission.

On the applicability of the feature, it was argued that there can be different scenarios for one-shot HARQ-ACK retransmission, e.g., 
· HARQ-ACK CB is dropped due to prioritization, e.g., intra-UE UL prioritization
· HARQ-ACK CB cannot be received correctly due to a UE being in poor coverage or gNB misdetection.
· HARQ-ACK CB cannot be received correctly due to a codebook mismatch issue (e.g., Type-2 CB with some last DCI misdetection). 
In our view, one-shot triggering of HARQ-ACK retransmission is only motivated when it is applied to the event where HARQ-ACK CB cannot be received due to a reason known to gNB, e.g., low priority HARQ-ACK CB is dropped according to intra-UE UL prioritization procedure.
For UE in poor coverage, the UE should be configured or indicated to transmit HARQ-ACK with appropriate PUCCH repetition instead. It is not well motivated to utilize one-shot retransmission as an alternative way for performing repetition as there is additional cost associated with transmission of the triggering DCI. 
For codebook mismatch error case (e.g., Type-2 CB with some last DCI misdetection), the gNB would not be aware of the issue and there is no point to request for one-shot retransmission since the error would anyway persist. 
1. [bookmark: _Toc84035582]One-shot triggering of HARQ-ACK retransmissions is only justified when it is applied to event intentionally caused by gNB where the mis-reception of original HARQ-ACK CB is due to a reason known to gNB.
1. [bookmark: _Toc84035583]One-shot triggering of HARQ-ACK retransmissions is not justified to emulate repetition. 
1. [bookmark: _Toc84035584]One-shot triggering of HARQ-ACK retransmission is motivated only for retransmission of the dropped HARQ-ACK CB.

From above discussion, since the feature is mainly aimed for retransmission of the dropped HARQ-ACK, it is reasonable that the dynamic one-shot triggering of HARQ-ACK retransmission is applied directly to the dropped HARQ-ACK codebook. It is not necessary to indicate specific PUCCH occasion as that would require another filed in the triggering DCI which leads to a large DCI overhead. It is also not preferred that the one-shot triggering of HARQ-ACK retransmission by DL assignment would restrict the scheduling flexibility by limiting the possibility of PDSCH scheduling. 
Lastly since the feature is mainly aimed for retransmission of the dropped HARQ-ACK, it should be applied only when UE does not perform Rel-17 multiplexing between low and high priority UCI/PUSCH. Otherwise, the low priority HARQ-ACK can be transmitted and there is no need for requesting a one-shot retransmission. 

[bookmark: _Toc79165389][bookmark: _Toc84035609]For one-shot triggering of HARQ-ACK retransmission, the dynamic triggering is to request for the last dropped HARQ-ACK codebook.
[bookmark: _Toc84035610]One-shot triggering of HARQ-ACK retransmission does not restrict the possibility of simultaneously scheduling PDSCH.

On HARQ-ACK codebook construction related to one-shot triggering of HARQ-ACK retransmission, a simple solution based on appending can be supported. That is, if the one-shot triggering of HARQ-ACK retransmission is with PDSCH scheduling, the retransmitted HARQ-ACK is appended to the HARQ-ACK CB corresponding to the scheduled PDSCH. 
If there are also other HARQ-ACK bits in the PUCCH slot, the triggered retransmitted HARQ-ACK can be appended to the HARQ-ACK CB constructed according to Rel-15/16 procedure. 

[bookmark: _Toc84035611]For HARQ-ACK CB construction related to one-shot triggering of HARQ-ACK retransmission, the triggered retransmitted HARQ-ACK is appended to the HARQ-ACK CB corresponding to the scheduled PDSCH or the HARQ-ACK CB in a PUCCH slot constructed according to Rel-15/16 procedure.

2.3	PUCCH repetition enhancements
The following agreements and conclusion were reached so far for PUCCH repetition enhancement.
	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 




Below we address the remaining open issues.

It is now agreed in NR Rel-17 to support sub-slot based PUCCH repetition. It was noted that sub-slot based PUCCH repetition would follow the same principle of PUCCH repetition across multiple slots in Rel-15 (i.e. Type A) by replacing slot with sub-slot. That is, in terms of resources to be used for PUCCH repetition across sub-slots, the same resource (i.e., starting symbol, duration, and number of PRBs) is used for each PUCCH repetition across multiple sub-slots and starting symbol and duration are determined with respect to the starting symbol of sub-slot. 

In the Rel-17 coverage enhancement WI [2], it was agreed that dynamic PUCCH repetition indication is supported. The support of dynamic PUCCH repetition indication is also extended to sub-slot based PUCCH repetition. In RAN 1 #106-e, the working assumption was confirmed to support dynamic PUCCH repetition indication through PUCCH resource indicator (PRI), where PUCCH repetition factor can be configured per PUCCH resource.
	Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details



Since the introduction of sub-slot in Rel-16 was intended only for HARQ-ACK. For sub-slot based PUCCH repetition using the parameter nrofSlots, it should only be applied to HARQ-ACK. This is consistent with the current specification support. Otherwise, if other UCI types were to be supported, it would lead to a large specification impact on SR/CSI configurations, e.g., to confine SR/CSI resources within a sub-slot. 
[bookmark: _Toc84035612]For sub-slot based PUCCH repetition using the parameter nrofSlots, the PUCCH repetition is applied to only HARQ-ACK.

Regarding the potential need for transient gaps for the case of “back-to-back” PUCCH repetition, in our view, since we are discussing a single TRP operation, we do not see why a time gap is needed as there should be no RF switching involved. If it is about frequency hopping between repetitions, this is also the case for intra-slot FH for PUCCH which exists since Rel-15 and there is no gap provided.

[bookmark: _Toc84035613]RAN1 can conclude that there is no need for a special handling of time gap between PUCCH repetitions.

2.4	Type 1 HARQ codebook for sub-slot HARQ-ACK
In RAN1 #104bis-e, the following agreement was reached.
	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 



In the existing pseudo code for Type-1 HARQ-ACK codebook determination in [3], in order to determine a set of PDSCH reception candidates, there are different steps which involve mapping an UL slot index to a corresponding DL slot index when UL and DL numerologies are different.
In order to properly support Type-1 HARQ-ACK codebook for sub-slot HARQ-ACK, it is important that those steps are updated to take into account the fact that the timing for sub-slot HARQ-ACK is now based on sub-slot instead of slot. We propose that the number of sub-slots in an UL slot derived from the sub-slot length is taken into account when such mapping is done. 
In the pseudo code for determining the set of possible PDSCH reception candidates, the ratio  represents the number of DL slots in an UL slot. We propose that the ratio  is scaled by the number of sub-slots in an UL slot, denoted by , to  in the pseudo code in order to maintain proper mapping from an UL sub-slot index to a DL slot index as shown below. 
We note that these changes are simple modifications to properly support Type-1 HARQ-ACK codebook for sub-slot with minimal specification impact. 

	For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. 
…
If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information
while [image: ] 
if  
Set [image: ] – index of a DL slot within an UL slot
while  
…
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot ,  is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
…
else
…
end if
end while
…
end if
end while
end if
...
end while
…
end if



[bookmark: _Toc84035614]Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the ratio  is changed to , where N is the number of sub-slots in an UL slot.
In some scenarios, there may still be some redundancy in the codebook, e.g., when there are effectively multiple UL sub-slots within a DL slot. In such cases, it was discussed that further optimization to reduce the size of the codebook can be considered. For example, the set of TDRA entries in a slot, R, can be split into different subsets. One possible solution is to consider splitting TDRA entries so that different subset contains the entries with SLIV ending in different non-overlapped subsets of DL symbols. One example of how this can be implemented in the specification is shown below.
	For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. 
…
Set [image: ] - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set [image: ]
Set [image: ]
Set [image: ] to the cardinality of set [image: ]
Set k =0 – index of slot timing values [image: ], in descending order of the slot timing values, in set [image: ] for serving cell [image: ]
Partition symbols of a DL slot into  equally non-overlapped subsets of DL symbols, indexed by  Then partition the set  into  subsets  where , where each subset  contains TDRA entries with SLIV ending within the corresponding subset of DL symbols.
Set  
If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information
while [image: ] 
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while   
Set [image: ] to the set of rows the subset 
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
…
else
… 
end if
end while
…
end if
end while
end if
[image: ];
; 
end while
…
end if



2.5	PUCCH carrier switching 
Different solutions for PUCCH carrier switching were discussed. In RAN1 #105-e, it was agreed to support both dynamic and semi-static PUCCH carrier switching. Further, the following agreements were reached in RAN1 #106-e.
	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. 



2.5.1	Dynamic indication of PUCCH carrier
Different solutions have been discussed on how to indicate PUCCH carrier dynamically. In our view, it is cleanest to introduce a field in DCI to dynamically indicate a PUCCH carrier. The DCI field size is determined based on the size of a configured set of applicable target PUCCH cells.
[bookmark: _Toc84035615]Dynamic indication of a PUCCH carrier is done by a field in the DCI. The DCI field size is determined based on the size of a configured set of applicable target PUCCH cells.

2.5.2	Semi-static configuration of PUCCH cell timing pattern
It was agreed that the semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells. In principle, the PUCCH cell timing pattern is a pattern of PUCCH cell indices configured in advance to indicate to the UE which PUCCH cell index to use for PUCCH transmission. 
In order for semi-static PUCCH carrier switching operation to work, based on the PUCCH cell timing pattern there should be a reference cell for which a PUCCH cell timing pattern is configured. In general, the reference cell can be configured to be any cell in a PUCCH group. However, since PUCCH is transmitted by default on the PCell or PUCCH-SCell of a PUCCH group, it is reasonable that the reference cell is the PCell or PUCCH-SCell of the corresponding PUCCH group.
That is, the PUCCH cell timing pattern containing PUCCH cell indices is configured in each slot of PCell or PUCCH-SCell, and once a slot for PUCCH transmission on the PCell or PUCCH-SCell is determined (e.g., according to K1 or by some configuration), the configured cell index value in that slot can indicate which PUCCH cell index to use for the actual PUCCH transmission. An example is illustrated in Figure 1. 

[image: ]
[bookmark: _Ref78965354]Figure 1: An example of semi-static PUCCH carrier switching based on PUCCH cell timing pattern configured for each slot in the PCell (to indicate the target PUCCH cell index to use).
In Figure 1, the PDSCH is scheduled to be transmitted in slot #0 on SCell #2 with K1 =2. By default, the K1 value is interpreted in reference to slots in PCell (cf. a reference cell). That is, the slot for PUCCH transmission on the PCell is determined to be slot #2. According to the configured PUCCH cell timing pattern, PUCCH cell index =2 is configured for slot #2 in the PCell. Thus, the actual PUCCH transmission carrying HARQ-ACK in response to the PDSCH is transmitted in SCell #2 in the corresponding slot, which is slot #1.
[bookmark: _Toc84035616]For semi-static PUCCH carrier switching, the PUCCH cell timing pattern contains PUCCH cell indices configured for each slot in the PCell or PUCCH-SCell of a PUCCH group.

We note that in the above example, the applicable PUCCH cells have the same numerology. So, there is no ambiguity in determining which slot in the target PUCCH cell (as indicated by the configured PUCCH cell timing pattern) to use for PUCCH transmission. However, when semi-static PUCCH carrier switching involves PUCCH cells with different numerologies, it may happen that there are more than one corresponding slots in the target PUCCH cell to consider. 
In the following, we provide a simple solution to handle semi-static PUCCH carrier switching across cells with different numerologies.

Semi-static PUCCH carrier switching across cells with different numerologies
For semi-static PUCCH carrier switching across cells with different numerologies, we propose to introduce another parameter to indicate a slot offset. This slot offset value is used to determine the exact slot in the target PUCCH cell to use for PUCCH transmission. That is, the UE first determines the target PUCCH cell as described previously and then applies the slot offset to the first corresponding slot in the target PUCCH cell. Two examples are given in Figure 2, Figure 3 and Figure 4 below.
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[bookmark: _Ref78970712]Figure 2: An example of semi-static PUCCH carrier switching across cells with different numerologies.
In Figure 2, the PDSCH is scheduled to be transmitted in slot #0 on SCell #2 with K1 =2 where K1 value is interpreted in reference to slots in PCell (cf. a reference cell). That is, the slot for PUCCH transmission on the PCell is determined to be slot #2. According to the configured PUCCH cell timing pattern, PUCCH cell index =1 is configured for slot #2 in the PCell. Thus, the actual PUCCH transmission carrying HARQ-ACK in response to the PDSCH will be transmitted on SCell #1. However, there are two slots (slots #4 and #5) on SCell#1 which correspond to slot #2 in the PCell. Here the slot offset value = 0 indicates that the first corresponding slot (slot #4) is used.
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[bookmark: _Ref78970717]Figure 3: An example of semi-static PUCCH carrier switching across cells with different numerologies.
In Figure 3, the PDSCH is scheduled to be transmitted in slot #0 on SCell #2 with K1 =1 where K1 value is interpreted in reference to slots in PCell (cf. a reference cell). That is, the slot for PUCCH transmission on the PCell is determined to be slot #1. According to the configured PUCCH cell timing pattern, PUCCH cell index =2 is configured for slot #1 in the PCell. Thus, the actual PUCCH transmission carrying HARQ-ACK in response to the PDSCH will be transmitted on SCell #2. However, there are two slots (slots #2 and #3) on SCell#2 which correspond to slot #1 in the PCell. Here the slot offset value = 1 indicates that the second corresponding slot (slot #3) is used, i.e., one slot offset is applied to the first corresponding slot.
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[bookmark: _Ref79160665]Figure 4 An example of semi-static PUCCH carrier switching across cells with different numerologies.
In Figure 4, the PDSCH is scheduled to be transmitted in slot #0 on SCell #1 with K1 =2 where K1 value is interpreted in reference to slots in PCell (cf. a reference cell). That is, the slot for PUCCH transmission on the PCell is determined to be slot #2. According to the configured PUCCH cell timing pattern, PUCCH cell index =2 is configured for slot #2 in the PCell. Thus, the actual PUCCH transmission carrying HARQ-ACK in response to the PDSCH will be transmitted on SCell #2. Note that in this case, the only corresponding slot in SCell #2 is slot #1.

We note that the ‘slot_offset’ parameter can be useful in ensuring that there is an UL transmission opportunity after switching to the target PUCCH cell. In general, the slot offset value can be applied to the first corresponding slot in the target cell, resulting in the actual slot for PUCCH transmission which may be beyond the PUCCH slot in the reference cell.
Moreover, it can be noted that the ‘slot_offset’ parameter can be configured even in the case of same numerology or when the target cell has smaller SCS than the reference cell (See e.g., Figure 4). It is up to gNB to configure the slot offset values properly (e.g., always equal to 0), or the UE can simply ignore the slot offset value. Therefore, for generality, we propose that the PUCCH cell timing pattern consists of PUCCH cell index and slot offset values, (‘cell_index’, ‘slot_offset’), configured for each slot in the PCell or PUCCH-SCell of a PUCCH group.
[bookmark: _Toc84035617]For semi-static PUCCH carrier switching, the PUCCH cell timing pattern consists of PUCCH cell index and slot offset values, (‘cell_index’, ‘slot_offset’) configured for each slot in the PCell or PUCCH-SCell of a PUCCH group.

In summary, semi-static PUCCH carrier switching within a PUCCH group is performed in the following way:
· PUCCH cell timing pattern comprising (‘cell_index’, ‘slot_offset’) is configured for each slot in a PCell of the corresponding PUCCH group
· First a slot for PUCCH in the PCell is determined, e.g., from K1 in the scheduling/activation DCI
· Then parameters (‘cell_index’, ‘slot_offset’) configured for the determined slot in the PCell is used:
· ‘cell_index’ indicates a target PUCCH cell to use for PUCCH transmission
· ‘slot_offset’ further indicates which corresponding slot in the target PUCCH cell to use for the PUCCH transmission
· If there is only one corresponding slot in the target PUCCH cell, that slot is used regardless of the parameter ‘slot_offset’

2.5.3	Joint operation of dynamic and semi-static PUCCH carrier switching
It was agreed that dynamic indication and/or semi-static configuration for PUCCH carrier switching are subject to separate UE capabilities. Based on the reported UE capability, a PUCCH carrier switching mode can be RRC configured to be, e.g., dynamic, semi-static, or both.
[bookmark: _Toc84035618]PUCCH carrier switching can be dynamic, semi-static, or both by configuration  .

Further, a subset of applicable target PUCCH cells in a PUCCH group can be configured. The UE may also report its capability for the maximum number of PUCCH cells applicable for PUCCH carrier switching which would be respected when gNB configures the set of applicable target PUCCH cells.
[bookmark: _Toc84035619]A subset of applicable PUCCH cells for PUCCH carrier switching within a PUCCH group can be configured to a UE per PUCCH group.

For dynamic indication of PUCCH carrier switching, the size of PUCCH carrier indication field in the DCI is determined from the size of the set of applicable target PUCCH cells. For UE supporting multiple PUCCH groups, if the size of applicable target PUCCH cells of each PUCCH group are not the same among different PUCCH groups, the size of PUCCH carrier indication field is determined from the largest size.
[bookmark: _Toc84035620]For dynamic indication of PUCCH carrier switching, the PUCCH carrier indicator field size is determined based on the largest set of applicable PUCCH cells among PUCCH groups subject to dynamic PUCCH carrier switching.

With respect to the joint operation of dynamic and semi-static PUCCH carrier switching, if both dynamic and semi-static PUCCH carrier switching are configured and the UE is both indicated a PUCCH carrier by the DCI field and configured with the PUCCH cell timing pattern, the UE follows the dynamic PUCCH carrier indication for the UCI and ignores the semi-static PUCCH cell timing pattern.
[bookmark: _Toc84035621]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.

2.5.4	Joint operation of PUCCH carrier switching and UCI multiplexing procedure
With respect to the joint operation of PUCCH carrier switching and UCI multiplexing procedure, in our view, it is reasonable that the UE performs PUCCH carrier switching for relevant UCIs first in order to determine the target PUCCH cell and corresponding slot in the target PUCCH cell to use for PUCCH transmission. Then the existing UCI multiplexing procedure can be applied, if needed.
[bookmark: _Toc84035622]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.

Next, we discuss different multiplexing scenarios where multiple UCIs are multiplexed onto PUCCH.
If there are multiple UCIs to be transmitted by PUCCHs on multiple carriers which overlap in time domain, the UE multiplexes UCIs and transmits only a single PUCCH on one carrier.
· If the multiple UCIs are all indicated the corresponding PUCCH carrier(s) by dynamic indications, it is reasonable that the dynamic PUCCH carrier indication only indicates the same PUCCH cell. In other words, the UE does not expect to receive dynamic PUCCH carrier indications indicating different PUCCH cells for any two simultaneous PUCCH transmissions.

· If the multiple UCIs are all indicated the corresponding PUCCH carrier by semi-static configuration of PUCCH cell timing pattern, the UCIs are multiplexed and transmitted on the indicated PUCCH cell.

· If some UCIs are indicated the corresponding PUCCH carrier by dynamic indications and some other UCIs are following the default carrier (i.e., PCell) or the carrier configured by semi-static PUCCH cell timing pattern configuration, the following procedure would be applicable: the UE multiplexes the UCIs in a PUCCH and transmits using dynamic PUCCH resource on the carrier indicated by the dynamic indication
· An exception can be made when SPS HARQ-ACK is to be multiplexed with CSI, i.e., the multiplexed UCI uses the CSI resource for PUCCH transmission. The intention for this exception is to keep a similar multiplexing behavior as in the legacy operation by simply extending the existing multiplexing rule to the case of multiple carriers with PUCCH carrier switching. 

We note that any operation discussed above can also include HARQ-ACK of PDSCH scheduled by DCI format 1_0 or HARQ-ACK of SPS PDSCH activated/ released by DCI format 1_0, which is by default intended to be transmitted on the PCell of a PUCCH group. 

[bookmark: _Toc84035623]The UE does not expect to be indicated with HARQ-ACK transmission in PUCCHs overlapping in different PUCCH carriers.
[bookmark: _Toc84035624]If PUCCH resource with HARQ-ACK transmission with dynamic PUCCH carrier indication overlaps with semi-static configured PUCCH resources, the UE multiplexes UCIs and transmits on PUCCH on the carrier indicated by the dynamic indication.
· [bookmark: _Toc84035625]An exception can be considered when SPS HARQ-ACK is multiplexed with CSI, the PUCCH carrier to use follows the carrier intended for the CSI.

2.5.5	Relation between PUCCH carrier switching and SPS HARQ-ACK deferral
It can be observed that the framework of semi-static PUCCH carrier switching based on the proposed PUCCH cell timing pattern can also be applied to obtain the SPS HARQ-ACK deferral behavior. Recalling that the parameter ‘slot_offset’ can be used to indicate a PUCCH slot in the target PUCCH cell. 
To obtain similar SPS HARQ-ACK deferral behavior on the same UL cell, it is possible to configure the same fixed ‘cell_index’ and only vary the ‘slot_offset’ parameter in the PUCCH cell timing pattern. The UE first determines the slot for PUCCH according to K1 is the activation DCI and then applies on top the configured slot offset value to determine the actual slot to use for the PUCCH transmission. An example is illustrated in Error! Reference source not found..
[image: ]
Figure 5: An example of how the semi-static configuration of PUCCH cell timing pattern containing ‘slot_offset’ parameter can be used to obtain the SPS HARQ-ACK deferral behavior.
In this example, the semi-static configuration of PUCCH cell timing pattern is configured for a cell where the ‘cell_index’ parameter is fixed to the default cell index, and the ‘slot_offset’ parameter varies to indicate a slot offset to apply to an initial PUCCH slot determined from K1. Since SPS PDSCH in slot#0 is activated with K1 =2 in the activation DCI, the initial PUCCH slot for SPS HARQ-ACK is slot #2. However, with the semi-static configuration of PUCCH cell timing pattern, a slot offset value = 2 is configured for slot #2, indicating that the PUCCH transmission in the cell should occur in slot #4 instead, essentially obtaining the SPS HARQ-ACK deferral behavior.
1. [bookmark: _Toc84035585]The semi-static configuration of PUCCH cell timing pattern containing ‘slot_offset’ parameter can be used to obtain the SPS HARQ-ACK deferral behavior.

2.5.6	Applicability of PUCCH carrier switching to SUL
The following cases were discussed to be supported for PUCCH carrier switching:
· Case 1: PUCCH carrier switching among different cells not being configured with SUL
· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL.
· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both
· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL
In our view, the corresponding discussion has been unnecessarily complicated.  In the following we discuss our view with respect to the questions that are needed to be clarified to reach to an informed decision.
It has been discussed that since the feature is referred to as “PUCCH carrier switching”, it implies or at least it is unclear that it is applicable to both cells and carriers. This argument is not justified in our view since the description of functionalities of the feature is important, not the name of the feature. As shown below, all the agreements so far clearly indicate the functionality for changing “a cell” for PUCCH transmission, and not a” carrier”. Moreover, the corresponding UE features discussion is still open which implies that proper naming, if needed, is yet to be done. Hence, we strongly recommend refraining from terminology discussion and instead focus the discussion on the related functionalities and corresponding analysis.
[bookmark: _Toc84035586]The discussion should be focused on functionalities and corresponding analysis than feature names.
	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 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

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.



As explained previously, the related functionalities are associated to “cell” for PUCCH transmission. Therefore, the current agreements support Case 1 and Case 2-1, while extending the support to Case 2-2 and Case 3 is not directly applicable based on the existing agreements. 
Moreover, the scope of discussion is clearly for UL CA as stated in the agreements which makes Case 3 irrelevant. On the other hand, discussing Case 3 separately from Case 2-2 is not justified either because both are based on supporting dynamic PUCCH switching on NUL and SUL in the same cell.  
[bookmark: _Toc84035587]The current agreements support Case 1 and Case 2-1 as opposed to Case 2-2 and Case 3.
[bookmark: _Toc84035588]Case 3 is out of scope based on the current agreements.
[bookmark: _Toc84035589]Case 2-2 and Case 3 cannot be separately discussed.

The proponents of Case 2-2/3 claim that the corresponding specification impact is minimum or potentially less. Based on our analysis, supporting Case 2-2/3 requires additional specification impact as compared to Case 1/ 2-1. One SUL specific behaviour is the dependency of PUSCH scheduling by DCI 0_0 and PUCCH configuration on NUL or SUL as shown below for the UL/SUL field description in DCI format 0_0. Obviously for Case 3 and Case 2-2, since pucch-Config should be provided for both NUL and SUL, the current behaviour would not be applicable and requires specification of new behaviour. 

	
-    UL/SUL indicator – 1 bit for UEs configured with supplementaryUplink in ServingCellConfig in the cell as defined in Table 7.3.1.1.1-1 and the number of bits for DCI format 1_0 before padding is larger than the number of bits for DCI format 0_0 before padding; 0 bit otherwise. The UL/SUL indicator, if present, locates in the last bit position of DCI format 0_0, after the padding bit(s).
-    If the UL/SUL indicator is present in DCI format 0_0 and the higher layer parameter pusch-Config is not configured on both UL and SUL the UE ignores the UL/SUL indicator field in DCI format 0_0, and the corresponding PUSCH scheduled by the DCI format 0_0 is for the UL or SUL for which high layer parameter pucch-Config is configured;
-    If the UL/SUL indicator is not present in DCI format 0_0 and pucch-Config is configured, the corresponding PUSCH scheduled by the DCI format 0_0 is for the UL or SUL for which high layer parameter pucch-Config is configured. 
-    If the UL/SUL indicator is not present in DCI format 0_0 and pucch-Config is not configured, the corresponding PUSCH scheduled by the DCI format 0_0 is for the uplink on which the latest PRACH is transmitted.



Additionally, Case 2-2 and Case 3 require doubling the PUCCH configurations per cell with SUL. The duplication not only results in additional complexity, but also results in reduced number of PUCCH resources per PUCCH configuration in a cell with SUL since the maximum number of total PUCCH resources configured in a PUCCH group remain unchanged and equal to 128. Moreover, the latency would increase for Case 2-2 and 3 as compared to the case where only SUL is configured with PUCCH, since SUL offers UL opportunity when needed.

[bookmark: _Toc84035590]Support of PUCCH carrier switching for Case 2-2 or 3 with minimum specification impact is questionable.
[bookmark: _Toc84035591]Support of PUCCH carrier switching for Case 2-2 or 3, requires specification of new behaviors at least for PUSCH scheduling by DCI 0_0 and power control.
[bookmark: _Toc84035592]Support of PUCCH carrier switching for Case 2-2 or 3, requires additional configuration at least for PUCCH configuration with reduction of number of PUCCH resources for both NUL and SUL. 

The analysis above suggests that not only assuming minimum specification impact for supporting Case 2-2 and 3 is questionable, but also supporting these cases would reduce the PUCCH capacity and increase the latency as compared to Case 1 and 2-1. Therefore, we are not convinced that Case 2-2 and 3 are strongly motivated. Considering the late stage of Work Item, the corresponding discussions should be down prioritized as compared to other topics.
[bookmark: _Toc83929058][bookmark: _Toc83929544][bookmark: _Toc83929059][bookmark: _Toc83929545][bookmark: _Toc84035626]RAN1 should proceed on completing the design of PUCCH carrier switching for Case 1 and Case 2-1.
[bookmark: _Toc84035627]The discussion for Case 2-2 and/or Case 3 should be deprioritized.
2.6	RRC parameters 
In the following we express our views on the RRC parameters in [4].
First, we suggest considering the following guidelines as we make progress for preparation of the RRC parameter list.
[bookmark: _Toc84035593]The following general guidelines are recommended for preparation of the RRC parameter list:
· [bookmark: _Toc84035594]Column J (description): Should be suitable as “field description” for the RRC specification. i.e. it should clarify what the UE does when the NW sets the field. Should e.g. contain the unit of the numerical values. Short and concrete descriptions are preferred.
· [bookmark: _Toc84035595]Column P (Comments): Should contain background information from RAN1 to RAN2 that helps RAN2 to understand the context and the feature. 
· [bookmark: _Toc84035596]Column M (per...): May also contain the name of a parent IE that RAN1 considers appropriate.
· [bookmark: _Toc84035597]Column E (RAN2 Patent IE): Should be left empty.  Provide information on Parent IE in Column M, if needed.
· [bookmark: _Toc84035598]Column F (RAN2 ASN.1 name): Should be left empty.
· [bookmark: _Toc84035599]Using ToAddModList and ToReleaseList sructures: Suggest to leave it to RAN2 to whether to use these structures or other methods for proper implementation of signalling.

Therefore, we propose the following:
[bookmark: _Toc84035628]Move content of Column E to Column M.

Next, we provide our view on RRC parameters described in rows 2 to 15 of the ExcelSheet attached in [4].
SPS-HARQACK deferral – Row 2
[bookmark: _Toc84035629]Apply the following updates for Row 2: 
· Update Column J (Description) as the following:
· When psHARQdeferral-max is present, transmission of DL SPS HARQ-ACK can be deferred to a later slot as described in Clause [9.2.3] of TS38.213. spsHARQdeferral-max is the maximum number of slots from a DL SPS slot to deferred HARQ-ACK slot.  
· Change {} to () in Column J. 
PUCCH repetition enhancements – Row 3
Different solutions were discussed during the email discussion. From our perspective, the solution proposed by HW/Hi in Section 2.2 of [4] is a cleanest approach and fits the existing structure. This solution can be suggested to RAN2 for possible implementation. 
[bookmark: _Toc84035630]Remove Row 3. Instead, suggest to RAN2 if the feature can be implemented as the following:
· [bookmark: _Toc84035631] Add ‘format 0’ under PUCCH-Config, and remove the restriction for ‘nrofSlots’ to be applicable to F0/1/2/3/4. Describe other parameters in ‘PUCCH-FormatConfig’ such as ‘interslotFrequencyHopping’, ‘pi2BPSK’, ‘simultaneousHARQ-ACK-CSI’, and ‘maxCodeRate’ are not applicable for format 0.
Enhanced Type-3 codebook - Rows 4 to11
We have discussed in detail the enhanced features for Type-3 HARQ-ACK codebook in Rel-17 in our companion contribution [5] where we emphasized that during the discussions as well as description of agreements, only size reduction is referred to an enhancement. However, it should be well understood that any improved functionality for Type-3 codebook as compared to Rel-16 is an enhancement in Rel-17, including enabling triggering Type-3 HARQ-ACK codebook constructed as Rel-16 by DCI 1_2.  With that understanding, we suggest the RRC parameters associated to Rows 4 to 11 to be associated to sub-feature group “Enhanced Type-3 HARQ-ACK CB”, and when applicable, to indicate that the enhancement is due to reduced or smaller size of CB as compared to corresponding size in Rel-16. 
Based on the discussion above, we propose the following:
[bookmark: _Toc84035632]Apply the following updates for Row 4 to 11:
· [bookmark: _Toc84035633]Change content of Column B to “Enhanced Type-3 HARQ-ACK CB”
· [bookmark: _Toc84035634]Change “enhanced” and “enh.” to “reduced size” in Column J
Triggering of HARQ-ACK retransmission – Row 12
We suggest revising the corresponding description as the following for more accurately provide the intended information. 
[bookmark: _Toc84035635]Replace content of Column J of Row 12 with “Configure triggering of HARQ-ACK re-transmission on a PUCCH resource as described in Clause [x.x] in TS38.213”.

[bookmark: _Toc84035600]Proposals 27 to 31 are summarized in Table 2 on the applicable rows and columns where changes are shown in purple color.
[bookmark: _Ref84035567]Table 2
	B
	E
	
	I
	J
	K
	M

	Sub-feature group
	RAN2 Parant IE
	RAN2 ASN.1 name
	Parameter name in the text
	Description
	Value range
	Per (UE, cell, TRP, …)

	SPS HARQ deferal
	SPS-Config
	 
	spsHARQ-ACKdeferral-max
	Enable the SPS HARQ-ACK deferral and configure the maximum SPS HARQ-ACK deferral value in terms of k1+k1,def per SPS configuration. 
When psHARQdeferral-max is present, transmission of DL SPS HARQ-ACK can be deferred to a later slot as described in Clause [9.2.3] of TS38.213. spsHARQdeferral-max is the maximum number of slots from a DL SPS slot to deferred HARQ-ACK slot.  

	{1…FFS: 15}
(1...FFS:15)
	in SPS-Config

	PUCCH repetition enhancements
	PUCCH-Config
	 
	nrofSlotsFormat0
	Configure PUCCH repetition for PUCCH format 0 using 'nrofSlots'
	{n2,n4,n8}
	

	Rel-16 Enhanced Type 3 HARQ-ACK CB codebook triggering using DCI format 1_2
	pdsch-config
	 
	pdsch-HARQ-ACK-OneShotFeedbackDCI-1-2
	Enable the Rel-16 Type 3 HARQ-ACK codebook triggering using DCI format 1_2
	{enabled}
	in pdsch-config

	Rel-17 Enhanced Type 3 HARQ-ACK CB of smaller size
	PhysicalCellGroupConfig
	 
	pdsch-HARQ-ACK-enhType3ToAddModList
	Configure the list of enhanced reduced size Type 3 HARQ-ACK codebooks
	{1..X} of pdsch-HARQ-ACK-enhType3
	In PhysicalCellGroupConfig

	Rel-17 Enhanced Type 3 HARQ-ACK CB of smaller size
	PhysicalCellGroupConfig
	 
	pdsch-HARQ-ACK-enhType3ToReleaseList
	Configure the list of enhanced reduced size Type 3 HARQ-ACK codebooks
	{1..X} of pdsch-HARQ-ACK-enhType3Index
	In PhysicalCellGroupConfig

	Rel-17 Enhanced Type 3 HARQ-ACK CB of smaller size
	UE specific
	 
	pdsch-HARQ-ACK-enhType3
	Configure one  enhanced reduced size Type 3 HARQ-ACK codebook  (from the list / set of enh. reduced size Type 3 HARQ-ACK codebooks)
	{pdsch-HARQ-ACK-enhType3Index,CHOICE {pdsch-HARQ-ACK-enhType3perCC, pdsch-HARQ-ACK-enhType3perHARQ},  pdsch-HARQ-ACK-enhType3NDI, pdsch-HARQ-ACK-enhType3CBG}
	UE specific

	Rel-17 Enhanced Type 3 HARQ-ACK CB of smaller size
	pdsch-HARQ-ACK-enhType3CB
	 
	pdsch-HARQ-ACK-enhType3Index
	Configure the Index for the one enhanced reduced size Type 3 HARQ-ACK codebook 
	{0….X-1}
	in pdsch-HARQ-ACK-enhType3CB

	Rel-17 Enhanced Type 3 HARQ-ACK CB of smaller size
	pdsch-HARQ-ACK-enhType3CB
	 
	pdsch-HARQ-ACK-enhType3perCC
	Configure the one enhanced reduced size Type 3 HARQ-ACK codebook using per CC configuration
	(1..maxNrofServingCells) of Integer (0,1)
	in pdsch-HARQ-ACK-enhType3CB

	Rel-17 Enhanced Type 3 HARQ-ACK CB of smaller size
	pdsch-HARQ-ACK-enhType3CB
	 
	pdsch-HARQ-ACK-enhType3perHARQ
	Configure the one enhanced reduced size Type 3 HARQ-ACK codebook using a per HARQ process and CC configuration
	(1..maxNrofServingCells) of Bit String (Size (16))
	In pdsch-HARQ-ACK-enhType3CB

	Rel-17 Enhanced Type 3 HARQ-ACK CB of smaller size
	pdsch-config
	 
	pdsch-HARQ-ACK-enhType3DCI-1-2
	Enable the Rel-17 enh. reduced size Type 3 HARQ-ACK codebook triggering using DCI format 1_2
	Enabled
	in pdsch-config

	Triggering of HARQ-ACK re-transmission on a PUCCH resource 
	PhysicalCellGroupConfig
	 
	pdsch-HARQ-ACK-retx
	Configure 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
Configure triggering of HARQ-ACK re-transmission on a PUCCH resource as described in Clause [x.x] in TS38.213
	Enabled
	in PhysicalCellGroupConfig

	Generic PUCCH carrier switching 
	PhysicalCellGroupConfig
	 
	pucch-SCellList
	List of PUCCH cells (FFS or PUCCH carriers) for carrier switching (on top of Pcell / Spcell)
	(1…FFS: X) of SCellIndex
	in PhysicalCellGroupConfig

	PUCCH carrier switching based on dynamic indication
	PhysicalCellGroupConfig
	 
	pucch-cellswitchDyn
	Configure the UE with PUCCH carrier switching based on dynamic indication. 
	Enabled
	in PhysicalCellGroupConfig

	PUCCH carrier switching based on semi-static pattern
	PhysicalCellGroupConfig
	 
	pucchCellPattern
	RRC configured time domain pattern of applicable PUCCH cells (FFS: or PUCCH carriers)
	(1..maxNrofSlots)) of INTEGER (0..FFS: X)
	in PhysicalCellGroupConfig




3	Conclusion
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	The main enhancement for Type-3 HARQ-ACK CB should be enabling Type-3 HARQ-ACK CB to operate with two-level priorities.
Observation 3	The claimed shortcoming of using that a full-size Type-3 CB (i.e. as in Rel-16) is not justified.
Observation 4	The claimed flexibility provided by dynamic selection between multiple reduced sized Type-3 HARQ-ACK CB is not justified.
Observation 5	One-shot triggering of HARQ-ACK retransmissions is only justified when it is applied to event intentionally caused by gNB where the mis-reception of original HARQ-ACK CB is due to a reason known to gNB.
Observation 6	One-shot triggering of HARQ-ACK retransmissions is not justified to emulate repetition.
Observation 7	One-shot triggering of HARQ-ACK retransmission is motivated only for retransmission of the dropped HARQ-ACK CB.
Observation 8	The semi-static configuration of PUCCH cell timing pattern containing ‘slot_offset’ parameter can be used to obtain the SPS HARQ-ACK deferral behavior.
Observation 9	The discussion should be focused on functionalities and corresponding analysis than feature names.
Observation 10	The current agreements support Case 1 and Case 2-1 as opposed to Case 2-2 and Case 3.
Observation 11	Case 3 is out of scope based on the current agreements.
Observation 12	Case 2-2 and Case 3 cannot be separately discussed.
Observation 13	Support of PUCCH carrier switching for Case 2-2 or 3 with minimum specification impact is questionable.
Observation 14	Support of PUCCH carrier switching for Case 2-2 or 3, requires specification of new behaviors at least for PUSCH scheduling by DCI 0_0 and power control.
Observation 15	Support of PUCCH carrier switching for Case 2-2 or 3, requires additional configuration at least for PUCCH configuration with reduction of number of PUCCH resources for both NUL and SUL.
Observation 16	The following general guidelines are recommended for preparation of the RRC parameter list:
	Column J (description): Should be suitable as “field description” for the RRC specification. i.e. it should clarify what the UE does when the NW sets the field. Should e.g. contain the unit of the numerical values. Short and concrete descriptions are preferred.
	Column P (Comments): Should contain background information from RAN1 to RAN2 that helps RAN2 to understand the context and the feature.
	Column M (per...): May also contain the name of a parent IE that RAN1 considers appropriate.
	Column E (RAN2 Patent IE): Should be left empty.  Provide information on Parent IE in Column M, if needed.
	Column F (RAN2 ASN.1 name): Should be left empty.
	Using ToAddModList and ToReleaseList sructures: Suggest to leave it to RAN2 to whether to use these structures or other methods for proper implementation of signalling.
Observation 17	Proposals 27 to 31 are summarized in Table 2 on the applicable rows and columns where changes are shown in purple color.

Based on the discussion in the previous sections we propose the following:
Proposal 1	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 2	Support the value range of the maximum value of K1+ K1def for SPS HARQ-ACK deferral (1…15).
Proposal 3	When the SPS HARQ-ACK is part of a PUCCH repetition which partially overlaps with other PUCCH repetitions containing HARQ-ACK, the overlapping PUCCH repetition carrying SPS HARQ-ACK can be deferred further following the Rel-17 SPS HARQ-ACK deferral.
Proposal 4	The maximum number of supported simultaneously configured enhanced Type 3 HARQ-ACK CBs can be 1, i.e., X=1.
Proposal 5	The UE can be configured with either Rel-16 Type-3 HARQ-ACK CB or Rel-17 enhanced Type-3 CB to operate with full-sized or reduced sized Type-3 CB.
Proposal 6	The existing 1-bit DCI field for triggering Type-3 CB is reused to trigger the full-sized or reduced-sized Type-3 CB, whichever is configured.
Proposal 7	The enhanced Type-3 HARQ-ACK CB supports additional configurations of NDI reporting and CBG level A/N. The configurations are optional and can be separately configured.
Proposal 8	DCI formats 1_1 and 1_2 are supported for one-shot triggering of HARQ-ACK retransmission.
Proposal 9	For one-shot triggering of HARQ-ACK retransmission, the dynamic triggering is to request for the last dropped HARQ-ACK codebook.
Proposal 10	One-shot triggering of HARQ-ACK retransmission does not restrict the possibility of simultaneously scheduling PDSCH.
Proposal 11	For HARQ-ACK CB construction related to one-shot triggering of HARQ-ACK retransmission, the triggered retransmitted HARQ-ACK is appended to the HARQ-ACK CB corresponding to the scheduled PDSCH or the HARQ-ACK CB in a PUCCH slot constructed according to Rel-15/16 procedure.
Proposal 12	For sub-slot based PUCCH repetition using the parameter nrofSlots, the PUCCH repetition is applied to only HARQ-ACK.
Proposal 13	RAN1 can conclude that there is no need for a special handling of time gap between PUCCH repetitions.
Proposal 14	Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the ratio  is changed to , where N is the number of sub-slots in an UL slot.
Proposal 15	Dynamic indication of a PUCCH carrier is done by a field in the DCI. The DCI field size is determined based on the size of a configured set of applicable target PUCCH cells.
Proposal 16	For semi-static PUCCH carrier switching, the PUCCH cell timing pattern contains PUCCH cell indices configured for each slot in the PCell or PUCCH-SCell of a PUCCH group.
Proposal 17	For semi-static PUCCH carrier switching, the PUCCH cell timing pattern consists of PUCCH cell index and slot offset values, (‘cell_index’, ‘slot_offset’) configured for each slot in the PCell or PUCCH-SCell of a PUCCH group.
Proposal 18	PUCCH carrier switching can be dynamic, semi-static, or both by configuration  .
Proposal 19	A subset of applicable PUCCH cells for PUCCH carrier switching within a PUCCH group can be configured to a UE per PUCCH group.
Proposal 20	For dynamic indication of PUCCH carrier switching, the PUCCH carrier indicator field size is determined based on the largest set of applicable PUCCH cells among PUCCH groups subject to dynamic PUCCH carrier switching.
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	The UE does not expect to be indicated with HARQ-ACK transmission in PUCCHs overlapping in different PUCCH carriers.
Proposal 24	If PUCCH resource with HARQ-ACK transmission with dynamic PUCCH carrier indication overlaps with semi-static configured PUCCH resources, the UE multiplexes UCIs and transmits on PUCCH on the carrier indicated by the dynamic indication.
	An exception can be considered when SPS HARQ-ACK is multiplexed with CSI, the PUCCH carrier to use follows the carrier intended for the CSI.
Proposal 25	RAN1 should proceed on completing the design of PUCCH carrier switching for Case 1 and Case 2-1.
Proposal 26	The discussion for Case 2-2 and/or Case 3 should be deprioritized.
Proposal 27	Move content of Column E to Column M.
Proposal 28	Apply the following updates for Row 2:
Proposal 29	Remove Row 3. Instead, suggest to RAN2 if the feature can be implemented as the following:
	Add ‘format 0’ under PUCCH-Config, and remove the restriction for ‘nrofSlots’ to be applicable to F0/1/2/3/4. Describe other parameters in ‘PUCCH-FormatConfig’ such as ‘interslotFrequencyHopping’, ‘pi2BPSK’, ‘simultaneousHARQ-ACK-CSI’, and ‘maxCodeRate’ are not applicable for format 0.
Proposal 30	Apply the following updates for Row 4 to 11:
	Change content of Column B to “Enhanced Type-3 HARQ-ACK CB”
	Change “enhanced” and “enh.” to “reduced size” in Column J
Proposal 31	Replace content of Column J of Row 12 with “Configure triggering of HARQ-ACK re-transmission on a PUCCH resource as described in Clause [x.x] in TS38.213”.
[bookmark: _In-sequence_SDU_delivery] 
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5	Appendix
5.1	Agreements in RAN1#102-e
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
Companies are encouraged to provide detailed analysis and comparison accordingly

5.2	Agreements in RAN1#103-e
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

5.3	Agreements in RAN1#104-e
Agreements:
· [bookmark: _Hlk62406356]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

Update on 1/28 email:
[bookmark: _Hlk62747561]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 (TBD) 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 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X

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

5.4	Agreements in RAN1#104bis-e
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 

5.5	Agreements in RAN1#105-e
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


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 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.

5.6	Agreements in RAN1#106-e
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.


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. 
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image21.emf
Semi-static config cell_index = 2 cell_index = 1 cell_index = 2 cell_index = 1 cell_index = 0 cell_index = 1

for each slot of PCell

K1 =2

Slot  0 1 2 3 4 5

PCell #0 D D D D U D

30 kHz SCS D = DL slot

U = UL slot

Slot  0 1 2 3 4 5

SCell #1 D U D U D U PDSCH

30 kHz SCS

PDSCH scheduled with K1 =2, where K1 is interpreted with reference to slots in PCell PUCCH

Slot  0 1 2

SCell #2 U D U D D D

30 kHz SCS

PUCCH is transmitted on Scell #2 as indicated by the configured cell_index = 2 
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Semi-static config cell_index = 0 cell_index = 2 cell_index =1

for each slot of PCell slot_offset = 0 slot_offset = 1 slot_offset = 0

Slot  0 1 2 3 4 5

SCell #1 D D D D U PUCCH D

30 kHz SCS D = DL slot

U = UL slot

Slot  0 1 2 3 4 5

SCell #2 D U D U D U PDSCH

30 kHz SCS

PDSCH scheduled with K1 =2, where K1 is applied with reference to slots in PCell #0 PUCCH

Slot  0 1 2

PCell #0 U U U

15 kHz SCS

K1 =2

PUCCH is transmitted on SCell #1 as indicated by the 

configured cell_index = 1 and in slot #4 as indicated 

by slot_offset = 0 which is the first slot corresponding 

to the slot detemined from K1 in the PCell 


image23.emf
Semi-static config cell_index = 0 cell_index = 2 cell_index = 1

for each slot of PCell slot_offset = 0 slot_offset = 1 slot_offset = 0

Slot  0 1 2 3 4 5

SCell #1 D D D D U D

30 kHz SCS D = DL slot

U = UL slot

Slot  0 1 2 3 4 5

SCell #2 D U D U PUCCH D U PDSCH

30 kHz SCS

PDSCH scheduled with K1 =1, where K1 is applied with reference to slots in PCell #0 PUCCH

Slot  0 1 2

PCell #0 U U U

15 kHz SCS

K1 =1

PUCCH is transmitted on SCell #2 as indicated by the 

configured cell_index = 2 and in slot #3 as indicated 

by slot_offset = 1 which is one slot after the first slot 

(slot #2) corresponding to the slot detemined from K1 

in the PCell 


image24.emf
Semi-static config cell_index = 2 cell_index = 1 cell_index = 2 cell_index = 1 cell_index = 0 cell_index = 1

for each slot of PCell slot_offset = 0 slot_offset = 0 slot_offset = 0 slot_offset = 0 slot_offset = 0 slot_offset = 0

K1 =2

Slot  0 1 2 3 4 5

PCell #0 D D D D U D

30 kHz SCS D = DL slot

U = UL slot

Slot  0 1 2 3 4 5

SCell #1 D U D U D U PDSCH

30 kHz SCS

PDSCH scheduled with K1 =2, where K1 is applied with reference to slots in PCell PUCCH

Slot  0 1 2

UL SCell #2 U U PUCCH U

15 kHz SCS

PUCCH is transmitted on UL Scell #2 as indicated by the configured cell_index = 2 


image25.emf
Semi-static config cell_index = 0 cell_index = 0 cell_index = 0 cell_index = 0 cell_index = 0 cell_index = 0

for each slot of PCell slot_offset = 4 slot_offset = 3 slot_offset = 2 slot_offset = 1 slot_offset = 0 slot_offset = 4

K1 =2 D = DL slot

Slot  0 1 2 3 4 5 U = UL slot

PCell #0 D D D D U PUCCH D

30 kHz SCS SPS PDSCH

SPS PDSCH activated with K1 =2 PUCCH

PUCCH is transmitted in a slot which is two slots after the slot 

determined from K1 value as indicated by the configured 

slot_offset = 2.


