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[bookmark: _Ref521334010]Introduction
At the RAN1#102 e-meeting, several ideas for HARQ-ACK feedback enhancement were discussed and the following agreements were reached.
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:
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
In this contribution, we give our considerations for potential UE HARQ-ACK feedback enhancements for URLLC.
Discussion
HARQ-ACK feedback enhancements for TDD DL SPS
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]HARQ-ACK feedback enhancement for TDD DL SPS was agreed in the last meeting to avoid SPS HARQ-ACK dropping due to PUCCH collision with at least one DL or flexible symbol. A straightforward solution is that UE delays the SPS HARQ-ACK feedback to a first valid PUCCH resource in a subsequent slot/sub-slot with the same PUCCH symbol allocation within the slot/sub-slot. As shown in figure 1, HARQ-ACK feedback in slot n+2 for SPS PDSCH is delayed to slot n+3.


Figure 1: HARQ-ACK for SPS PDSCH is delayed to the first available slot/sub-slot
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Then it needs to be discussed which PUCCH resource should be determined as valid PUCCH resource. Firstly, it should be determined whether semi-static flexible symbols that are not SS/PBCH block symbols can be included in valid PUCCH resource for postponing. Two options can be considered as below:
· Option 1: A valid PUCCH resource can include semi-static uplink and semi-static flexible symbols that are not SS/PBCH block symbols
· Option 1-1: semi-static flexible symbol(s) that are not SS/PBCH block symbols are used as valid PUCCH resource for postponing only if there is no conflicting dynamic DL scheduling and/or SFI indicates the semi-static flexible symbol(s) as uplink symbol(s)
· Option 1-2: semi-static flexible symbol(s) can always be used as valid PUCCH resource for postponing
· Option 2: A valid PUCCH resource for postponing includes semi-static uplink symbol(s) only
For option 1-1, there might be misalignment between gNB and UE in terms of the available PUCCH resource when the DL scheduling DCI and/or SFI is missed by the UE. 
For option 1-2, the PUCCH resource in the first available slot/sub-slot may include semi-static flexible symbol(s) which cannot be used for uplink transmission based on DL scheduling and/or SFI. If only SPS HARQ-ACK shall be reported in the slot/sub-slot, the current rule for dropping a semi-static PUCCH can be used, i.e. when the PUCCH collides with dynamically scheduled DL transmission or SFI indicates the semi-static flexible symbol(s) as flexible, such PUCCH is dropped in the slot/sub-slot. If there is HARQ-ACK feedback for dynamic PDSCH, HARQ-ACKs for SPS PDSCH and dynamic PDSCH are multiplexed in the PUCCH resource indicated by PRI in DL scheduling DCI, which should not collide with DL or flexible symbol(s) that cannot be used for UL transmission.
For option 2, it is possible that SPS HARQ-ACK cannot be transmitted if there is no semi-static uplink symbol configured by RRC. In addition, there will be larger latency compared with option 1.
Comparing the above options, option 1-2 is preferred since it can be used for all cases and it follows the same mechanism as for slot determination for PUCCH repetition. Hence, it is proposed that UE delay the SPS HARQ-ACK in case of colliding with semi-static DL symbol(s) or SSB symbols. HARQ-ACK for SPS PDSCH colliding with semi-static DL symbol(s) or SSB symbols is delayed to an earliest subsequent slot/sub-slot with the PUCCH symbol allocation for SPS only feedback within the slot/sub-slot which does not collide with semi-static DL symbol(s) or SSB symbols.
Proposal 1: If PUCCH for SPS HARQ-ACK collides with semi-static DL symbol(s) or SSB symbols, the SPS HARQ-ACK feedback can be delayed to an earliest subsequent slot/sub-slot with the PUCCH symbol allocation for SPS only feedback within the slot/sub-slot which does not collide with semi-static DL symbol(s) or SSB symbols.
For Type 1 HARQ-ACK codebook, existing mechanism can be reused. One issue for the above delay method is, when HARQ-ACK of one SPS PDSCH is delayed to a new slot/sub-slot, there may be no position of HARQ-ACK of SPS PDSCH in HARQ-ACK codebook determined based on the K1 set. As shown in Figure 2, HARQ-ACK of SPS PDSCH in slot n is delayed to slot n+3, while HARQ-ACK codebook in slot n+3 with K1 set as {1, 2} just contains HARQ-ACK positions for PDSCH transmission in slot n+1 and slot n+2, which means UE needs to add additional HARQ-ACK bits for delayed SPS PDSCH in slot n+3. 



[bookmark: _Ref54027135]Figure 2: multiplexed HARQ-ACK feedback when delayed to the first available slot/sub-slot
For Type 2 HARQ-ACK codebook, similar issue also exists since the delayed HARQ-ACK is not considered in HARQ-ACK codebook.
To resolve the issue for delay SPS HARQ-ACK, the following options can be considered:
· Option 1: Enhance HARQ-ACK codebook to included delayed SPS HARQ-ACK in the codebook
· Option 2: SPS HARQ-ACK is delayed to a slot/sub-slot included in configured K1 set
For option 1, the current HARQ-ACK codebook scheme should be modified by adding HARQ-ACK feedback bits for SPS PDSCH with delayed HARQ-ACK in current slot/sub-slot, some specification efforts are expected. For option 2, the delay of SPS HARQ-ACK must be limited in the range of K1 set, if there is no valid PUCCH resource in the delayed range, the SPS HARQ-ACK should be dropped. From the perspective of simplicity, option 2 is slightly preferred.
Proposal 2: SPS HARQ-ACK can only be delayed to a slot/sub-slot included in configured K1 set.
Enhancement for sub-slot based Type-1 HARQ-ACK CB
It was agreed that R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type-2 HARQ-ACK codebook in Rel-16. For Type-1 codebook, we see some issues for sub-slot based Type-1 HARQ-ACK codebook if sub-slot based construction was supported by replacing “slot” to “sub-slot” as analyzed below. 



Take an example as shown in Figure 3, assuming K1 set = {1, 2}. According to the pseudo-code to determine the  set associated with PUCCH in sub-slot 2n+2 based on the Type I codebook determination procedure defined in 38.213, both K1=1 and K1=2 correspond to DL slot n which will go through into the pseudo-code twice and produce a  with repeated PDSCH transmission positions. For PUCCH in sub-slot 2n+3, since K1=1 correspond to DL slot n+1 and K1=2 correspond to DL slot n, all the PDSCH transmission positions in DL slot n and DL slot n+1 will be exist in  even though some PDSCH transmission positions will never feedback HARQ-ACK in sub-slot 2n+3. 


[bookmark: _Ref7452116]Figure 3: Redundant HARQ-ACK codebook determination
Another example with different SCS configurations between DL and UL is given in Figure 4, assuming K1 set = {1, 3}. The HARQ-ACK feedback for the PDSCH in slot n would be in PUCCH sub-slot 4n+6 with K1=3 and the HARQ-ACK feedback for PDSCH in slot n+1 would be in PUCCH sub-slot 4n+6 with K1=1. 


There is an if condition in the pseudo-code to determine the  set which only allows partial K1 value(s) to go through to avoid redundancy in case of different numerologies between DL and UL. K1 is based on sub-slot instead of UL slot in this case, then there is a mismatch between the if condition and unit of K1 values. For the example in Figure 3, for PUCCH in sub-slot 4n+6, neither K1=1 or K1=3 can go through the pseudo-code to determine the  set associated with PUCCH in sub-slot 4n+6 based on the current Type I codebook determination procedure defined in 38.213.


[bookmark: _Ref47082523]Figure 4: Unaligned HARQ-ACK timing and M set determination
Hence, Type-1 codebook can be improved for sub-slot based HARQ-ACK feedback. One option is to find all the PDSCH occasions based on the boundary of UL sub-slot so that the redundant HARQ-ACK bit(s) can be removed and all the PDSCH occasions can be included. Therefore, we propose to improve sub-slot based Type-1 HARQ-ACK codebook.
Proposal 3: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.
[bookmark: _GoBack]Type-1 codebook construction for reference SLIV
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In Rel-16, PDCCH based reference SLIV was supported in Type-1 codebook. However, according to the current mechanism defined in specification, there will be redundant bits included in Type-1 HARQ-ACK codebook. 
Since the step of extending SLIV set is performed before pseudo-code flow to determine [image: ], and it is not determined per slot, then the obtained extended SLIV set is a superset which includes the corresponding reference SLIV considering PDCCH monitoring occasion for DCI format 1_2 in all time slots, even though DCI format 1_2 may not exist in all the slots and the PDCCH monitoring occasion for DCI format 1_2 may be different in different slots. 
As an example shown in Figure 5, for HARQ-ACK codebook in slot#5, the corresponding PDSCH transmission slots include slot#0 and slot#1. If there are two PDCCH monitoring occasions for DCI format 1_2 in slot#0 starting from symbol#0 and symbol#7 respectively, and no PDCCH monitoring occasions for DCI format 1_2 in slot#1, according to the current specification, the extended SLIV set is as shown in Figure 5, however the extended SLIVs are not needed in slot#1 since UE would not receive DCI format 1_2 in slot#1.


[bookmark: _Ref54178170]Figure 5: Issue of extending reference SLIV for Type-1 codebook 
Another similar example is shown in Figure 6, for HARQ-ACK codebook in slot#5, the corresponding PDSCH transmission slots include slot#0 and slot#1, if there is one PDCCH monitoring occasion for DCI format 1_2 in slot#0 starting from symbol#0, and one PDCCH monitoring occasions for DCI format 1_2 in slot#1 starting from symbol#7, according to the current specification, the extended SLIV set is as shown in Figure 6, however the extended SLIVs are not needed in slot#0 since UE would not receive DCI format 1_2 in symbol#7/#8 of slot#0.



[bookmark: _Ref54178368]Figure 6: Issue of extending reference SLIV for Type-1 codebook
To reduce the redundant bits in Type-1 HARQ-ACK codebook, enhancement should be considered. For example, extend the SLIVs only in slot(s) in which reference SLIV will be used.
When PDSCH repetitions and SPS PDSCH are not configured for a cell, slots in which reference SLIV will be used are slots configured with DCI format 1_2. Then, extend the SLIVs only in slot(s) configured with DCI format 1_2 and only considering PDCCH monitoring occasions in that slot can be applied.
On the other hand, when PDSCH repetitions or SPS are configured for a cell, slots in which reference SLIV will be used should be determined based on the repetition configuration and SPS configuration, there are two options to extend SLIVs as below:
· Option 1: Extend the SLIVs considering PDCCH monitoring occasion for DCI format 1_2 in all time slots
· Option 2: Extend the SLIVs considering slots in which reference SLIV would be used
For option 1, the current scheme is reused for the case when repetitions are configured, it is simple but there is redundancy in HARQ-ACK codebook. 
For option 2, it is a little complicated since the slots in which reference SLIV would be used are different in different cases. For example, assuming SPS is not configured on a serving cell, when pdsch-AggregationFactor is configured in pdsch-config, for HARQ-ACK transmitted in slot n, whether reference SLIV would be used in slot n-K1 is determined based on the DCI format 1_2 configured in slot n-K1- pdsch-AggregationFactor; when repetitionNumber-r16 is configured, for HARQ-ACK transmitted in slot n, whether reference SLIV would be used in slot n-K1 is determined based on the DCI format 1_2 configured in slot n-K1- repetitionNumber-r16. If SPS is configured on a serving cell, it is possible that reference SLIV can be used in any slot since the periodicity of SPS can be one slot, gNB may activate the SPS in a slot with DCI format 1_2. Option 2 reduces the HARQ-ACK codebook size but increases the complexity of UE implementation.
From the perspective of simplicity, we prefer option 1.
Proposal 4: Extending SLIVs in a serving cell for Type-1 HARQ-ACK codebook should be enhanced by considering the SLIVs in slot(s) configured with DCI format 1_2 monitoring only and considering PDCCH monitoring occasions in that slot only in case repetitions is not configured for the serving cell.
SPS HARQ skipping
For SPS HARQ skipping, the first point is how to identify a ‘skipped’ SPS PDSCH from UE perspective. An possible way is that UE detects the presence of DMRS, but the reliablity is doubtful since gNB may schedule downlink transmission in the DL time-frequency resource for other UEs. 
In addition, SPS HARQ skipping does not benefit for Type-1 HARQ-ACK codebook including feedback for dynamic PDSCHs, since the HARQ-ACK codebook size would not be reduced. For SPS only HARQ feedback, when HARQ-ACK for both skipped and non-skipped SPS PDSCHs are multiplexed in the same codebook, the HARQ-ACK codebook size may be reduced if SPS HARQ skipping is supported. However, the HARQ-ACK feedback for other SPS PDSCHs in the same HARQ-ACK codebook would be impacted if UE does not detect whether an SPS PDSCH is skipped or not correctly. For type-2 codebook, the similar issue exists as for SPS only feedback. Hence, SPS HARQ skipping should not be supported in Rel-17.
Proposal 5: SPS HARQ skipping is not supported in Rel-17.
PUCCH repetition based on sub-slots
For PUCCH repetition based on sub-slots, we don’t see a clear benefit. From the perspective of performance, a longer PUCCH can be used instead of PUCCH repetition based on sub-slots. An argument to support sub-slot based PUCCH repetition is that it is beneficial for minimizing latency, which means a method similar as PUSCH repetition Type-B should be supported for sub-slot based PUCCH repetition, but the PUCCH resources are semi-static configured in each slot, supporting PUCCH repetition Type-B may have impact on PUCCH resource determination, in addition, it complicates the procedure of intra-UE multiplexing, which requires a lot of specification efforts with unclear benefit. Hence, we consider sub-slot based PUCCH repetition is not supported in Rel-17.
Proposal 6: Sub-slot based PUCCH repetition should not be supported in Rel-17.
Retransmission of Canceled / Dropped Low-priority HARQ
Enhancements for dropped low-priority HARQ-ACK is considered in intra-UE multiplexing with different priorities in Rel-17. UE would support to multiplex low-priority HARQ-ACK together with high priority UCI or data. The motivation of further enhancements is not clear. Besides, retransmission of low-priority HARQ-ACK is not beneficial for URLLC traffic itself. Hence retransmission of dropped low-priority HARQ-ACK should be discussed with low priority if agreed.
Proposal 7: Retransmission of canceled / dropped low-priority HARQ should be studied with low priority if agreed.
SPS HARQ payload size reduction / skipping
Several solutions were considered for SPS HARQ payload reduction or skipping as below:
· Option 1: ACK skipping
· Option 2: NACK skipping 
· Option 3: Only one HARQ-ACK for multiple SPS configurations is feedback, multiple SPS configurations are configured to support one service with jitter
· Option 4: gNB can disable HARQ-ACK feedback for one or multiple SPS configurations
For option 1, the benefit is marginal since UE does not transmit PUCCH if only SPS ACK is to be transmitted. HARQ-ACK codebook needs to be transmitted as long as there is dynamic or ‘NACK’ multiplexed in the PUCCH. In addition, PUCCH resources need to be reserved for the UE even if UE does not transmit the PUCCH. Similar issues also exist for option 2 and option 3. For option 4, it does not work for Type-1 HARQ-ACK codebook if there is HARQ-ACK for dynamic PDSCH multiplexed with disabled HARQ-ACK for SPS, but for SPS only or for Type-2 HARQ-ACK codebook, the HARQ-ACK codebook size can be reduced, which may be beneficial. Hence, disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction or skipping.
Proposal 8: Disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction.
PUCCH carrier switching for HARQ feedback
The main use case for this enhancement is to provide HARQ latency reduction for DG PDSCH for TDD with CA, where different serving cells may have with different UL/DL patterns. However, if multiple serving cells can be used for PUCCH transmission, gNB could determine PUCCH cell as a serving cell configured with more UL symbols, then the benefit of dynamic UL carrier switching for PUCCH would be limited. Hence, we do not prefer to support dynamic UL carrier switching for PUCCH.
Proposal 9: Dynamic UL carrier switching for PUCCH should not be supported in Rel-17.
Conclusion
In this contribution, we discuss some considerations for HARQ-ACK feedback enhancements and give the following proposals.
Proposal 1: If PUCCH for SPS HARQ-ACK collides with semi-static DL symbol(s) or SSB symbols, the SPS HARQ-ACK feedback can be delayed to an earliest subsequent slot/sub-slot with the PUCCH symbol allocation for SPS only feedback within the slot/sub-slot which does not collide with semi-static DL symbol(s) or SSB symbols.
Proposal 2: SPS HARQ-ACK can only be delayed to a slot/sub-slot included in configured K1 set.
Proposal 3: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.
Proposal 4: Extending SLIVs in a serving cell for Type-1 HARQ-ACK codebook should be enhanced by considering the SLIVs in slot(s) configured with DCI format 1_2 monitoring only and considering PDCCH monitoring occasions in that slot only in case repetitions is not configured for the serving cell.
Proposal 5: SPS HARQ skipping is not supported in Rel-17.
Proposal 6: Sub-slot based PUCCH repetition should not be supported in Rel-17.
Proposal 7: Retransmission of canceled / dropped low-priority HARQ should be studied with low priority if agreed.
Proposal 8: Disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction.
Proposal 9: Dynamic UL carrier switching for PUCCH should not be supported in Rel-17.
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