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1. Introduction 
In RAN#88e meeting [1], revised WID for enhanced Industrial Internet of Things (IoT) and URLLC support is approved and the objectives of the Work Item includes study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering UE feedback enhancements for HARQ-ACK and CSI. In last RAN1 meeting, the following agreements were achieved [2]:

	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 discuss detailed solutions to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol, and the priority as well as necessity of candidate enhancement schemes listed above.
2. Solutions to avoid SPS HARQ-ACK dropping for TDD
With shorter SPS periodicity down to 1 slot, the collision between SPS HARQ-ACK resource and semi-static UL/DL configuration would happen frequently especially for DL heavy TDD frame structure. Take figure 1 as an example, 2.5ms periodicity with DDDDU is configured by semi-static UL/DL configuration and SPS periodicity is 1 slot, K1 = 1 is indicated in the activation DCI, that is, if R15 mechanism is reused, the HARQ-ACK for SPS PDSCH in slot #1#2#3 would be nowhere to feedback due to collision with semi-static UL/DL configuration. In such a case, the performance of DL SPS would be decreased since many SPS PDSCHs need to be retransmitted. Therefore, it was agreed in RAN1 #102e to solve issue of HARQ-ACK dropping for TDD as high priority.
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Figure 1: Illustration of SPS HARQ-ACK dropping for TDD
In RAN1 #102e meeting, several solutions have been proposed for further investigation, i.e. Deferring HARQ-ACK until the first available valid PUCCH resource, indicating K1 value for each SPS transmission in a time window configured by RRC and so on. From our perspective, indicating multiple K1 values or gNB dynamic indication of one or more transmission opportunities for postponed HARQ-ACK are not cost effective since either the RRC signaling overhead or the payload size of DCI would be increased. Some companies propose to support non-numerical (i.e. NN k1) or one-shot HARQ-ACK codebook for DL SPS operation in licensed spectrum, both of which would bring relatively large specification impact. In NR-U, NNK1 is not supported for activating a SPS configuration and the HARQ-ACK timing determination needs to be based on a later DCI indicating a numerical K1 which increases PDCCH overhead. Moreover, one-shot HARQ-ACK codebook would contain HARQ-ACK feedback for all DL HARQ processes on all configured CCs, which results in lots of redundant feedback and larger PUCCH overhead. In addition, new fields such as one-shot HARQ-ACK request and NDI are needed which increases DCI payload size. Therefore, from the perspective of simplicity, signaling overhead and specification impact, it is slightly preferred to defer SPS HARQ-ACK to the first available valid PUCCH resource if collision happens. 

For definition of “valid PUCCH resource”, we think the following alternatives can be further studied:

· Alt.1: a PUCCH resource without DL symbol(s) configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated.
· Alt.2: periodically configured PUCCH resource/slot, and UE could expect that the configuration of periodic PUCCH resource/slot is always aligned with semi-static UL/DL configuration, this scheme would be beneficial for PUCCH load balance from system perspective.
Moreover, if there is no available valid PUCCH resource for a long time, the latency requirement will not be guaranteed and payload of PUCCH carrying postponed HARQ-ACK will be too large to guarantee reliability. Therefore, HARQ-ACK can be canceled if there is no available valid PUCCH resource in a configured time window to make sure that gNB could retransmit PDSCH on time.
Proposal 1: Support defer HARQ-ACK for SPS PDSCH to the first available valid PUCCH resource in case it collides with downlink symbols configured by TDD-UL-DL-ConfigCommon/Dedicated.

Proposal 2: For definition of “valid PUCCH resource”, the following alternatives can be further studied:
· Alt.1: “valid PUCCH resource” is a PUCCH resource without DL symbol(s) configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated

· Alt.2: “valid PUCCH resource” is periodically configured PUCCH resource/slot, and UE could expect that the configuration of periodic PUCCH resource/slot is always aligned with semi-static UL/DL configuration.

Accordingly, some enhancements should be done to both type-1 and type-2 HARQ-ACK codebook construction if postpone is supported for SPS HARQ-ACK. 

For type-1 HARQ-ACK codebook, the K1 set and corresponding candidate PDSCH set need to be enlarged to accommodate the HARQ-ACK bits for deferred SPS HARQ-ACK. If the originally configured or defined K1 set is {K1,1, K1,2, …, K1,n}, it should be updated to be the union of { K1,1 , …,K1,1+T-1 },{ K1,2 , …,K1,2+T-1 }…{ K1,n , …,K1,n+T-1 }, where T is the periodicity in semi-static UL/DL configuration or the periodicity of periodically configured PUCCH resource/slot in Alt 2.

Take figure.1 as an example, assuming that the configured K1 set is {1,2,3}, and periodicity in semi-static UL/DL configuration or the periodicity of periodically configured PUCCH resource/slot in Alt 2 is 5 slots. The HARQ-ACK report for candidate SPS PDSCH receptions in slot #3 #4 #6 is to be deferred to UL slot #10 if K1 is indicated as 3 in DCI. Therefore, to take all of the scheduling possibilities into consideration regardless of the actually activated K1 timing, the K1 set using for candidate PDSCH set construction needs to be enlarged to be the union of {1, 1+5-1},{2,2+5-1} and {3, 3+5-1}, that is {1,2,3,4,5,6,7}.

For type-2 HARQ-ACK codebook, in R15 and R16 one HARQ-ACK bit for one activated SPS PDSCH reception is added at the end of the HARQ-ACK codebook which would be not enough to accommodate HARQ-ACK bits for deferred SPS HARQ-ACK. Therefore, the total bits to be appended for one activated SPS configuration needs to contain all the HARQ-ACK bits for SPS PDSCH reception activated from slot n- K1,c -T+1 to slot n- K1,c, where K1,c is the PDSCH-to-HARQ-feedback timing value in DCI activating the corresponding SPS configuration.

Proposal 3: Both type-1 and type-2 HARQ-ACK codebook construction need to be enhanced to accommodate the deferred SPS HARQ-ACK bits.

Proposal 4: For type-1 HARQ-ACK codebook, if the originally configured or defined K1 set is {K1,1, K1,2……K1,n}, it should be updated to be the union of { K1,1 ，K1,1+T-1 },{ K1,2 ，K1,2+T-1 }…{ K1,n ，K1,n+T-1 }, where T is the periodicity in semi-static UL/DL configuration or the periodicity of periodically configured PUCCH resource/slot.

Proposal 5: For type-2 HARQ-ACK codebook, the total bits to be appended for one activated SPS configuration needs to contain all the HARQ-ACK bits for SPS PDSCH reception activated from slot n- K1,c -T+1 to slot n- K1,c, where K1,c is the PDSCH-to-HARQ-feedback timing value in DCI activating the corresponding SPS configuration.
3. Priority of Other Candidate Schemes
3.1. SPS HARQ skipping for ‘skipped’ SPS PDSCH
In R16, DL SPS is enhanced to support IIoT traffic, however, the periodicity of some IIoT traffic is not aligned with configured SPS periodicity, i.e. 0.833ms for smart grid. The periodicity misalignment between SPS configuration and IIoT traffic can be resolved by over-provision of SPS resources, i.e. use multiple active SPS configurations or use single active SPS configuration with shorter periodicity. There would be some empty SPS PDSCH occasions with either solution mentioned above. However, SPS skipping is not supported in R16 which means that UE needs to decode SPS PDSCH and feedback HARQ-ACK even for the empty PDSCH occasions. This is not friendly to UE power consumption and may impact PUCCH reliability due to relatively large HARQ-ACK overhead. Therefore, it is preferred to support HARQ-ACK skipping for empty SPS PDSCH occasion and this issue is to be considered as high priority
Proposal 6: Support SPS HARQ skipping for ‘skipped’ SPS PDSCH in R17 and consider it as high priority.
3.2. PUCCH repetition enhancements (at least for HARQ-ACK)
As for sub-slot or mini-slot based PUCCH repetition, we think it is low priority considering its limited gain and large specification impacts. URLLC feedback latency is mainly limited by semi-static UL/DL configuration especially worst latency is used as performance metric. So the benefit of sub-slot/mini-slot type of PUCCH repetition can be achieved by long PUCCH format when single TRP is configured. If some diversity gain is observed for sub-slot/mini-slot PUCCH repetition in multi-TRP operation, we think it should be discussed in MIMO AI. 

Moreover, as discussed in [3], low code rate for PUCCH can achieve lower latency as well as high reliability comparing to sub-slot/mini-slot PUCCH repetition. Moreover, it is observed that PUCCH is power unlimited in most cases, so support of lower effective code rate for PUCCH is a more effective way to enhance PUCCH reliability within a certain delay budget.
Proposal 7: PUCCH repetition enhancements is considered as low priority.
3.3. Retransmission of cancelled HARQ
As commented by some companies last meeting, retransmission of cancelled HARQ-ACK includes both high priority HARQ-ACK and low priority HARQ-ACK. However, we see limited use cases when HP HARQ-ACK is dropped. As Samsung mentioned, only possible case is SPS HARQ-ACK dropping due to TDD configuration since LP channel cannot cancel HP channel. So we think this is already included in the scope of studying solutions to avoid SPS HARQ-ACK dropping for TDD, hence this enhancement should focus on LP HARQ-ACK drop. However, it has been agreed in last RAN1 meeting that multiplexing of low priority HARQ-ACK and high priority UL channels, i.e. HARQ-ACK, SR, PUSCH is supported in R17 with detailed solutions FFS. After that we see limited benefit for HARQ-ACK retransmission and it should be considered as low priority. 
Proposal 8: Retransmission of cancelled HARQ is considered as low priority.
3.4. SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH
As discussed by some companies in last RAN1 meeting, SPS HARQ skipping for “non-skipped” SPS PDSCH includes “ACK-only” and “NACK-only” solutions. We see limited benefit for “ACK-only” solution as NACK may be rarely to be transmitted considering the high reliability requirement for URLLC. While “NACK-only” solution targets on HARQ payload size reduction since ACK would be generated for most PDSCHs. However, gNB may have the ambiguity between the missed NACK and skipped ACK and not sure of whether the corresponding PDSCH is successfully received or not. Furthermore, the reliability of PDSCH may be impacted if ACK is assumed when nothing is detected by gNB. Therefore, from our perspective, it should be considered as low priority.
Proposal 9: SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH is considered as low priority.
3.5. Type 1 HARQ codebook based on sub-slot PUCCH config 
It has been discussed in RAN1 #102e to clarify if Type-1 HARQ-ACK codebook is supported for sub-slot and the following potential conclusion was made by FL:

Potential conclusion:
The clauses in R16 RAN1 specification does not intent to support sub-slot based Type I HARQ-ACK codebook. Completing the support of sub-slot based Type I HARQ-ACK codebook in specifications, if needed, can be considered in R17 IIoT/URLLC WI.
· No further impacts to the R16 specification in this area.

From our perspective, type-1 HARQ-ACK codebook achieves some benefit such as its robustness towards last PDCCH miss detect probability. Some companies may have concern of the serious redundancy when sub-slot-based HARQ-ACK feedback is introduced in R16. However, this can be avoided by separate K1 set configuration and some SLIV splitting. Other companies may argue that the DCI reliability is high enough in R16 and last PDCCH miss detecting possibility would be low enough. However, although almost all of the field in DCI format 2_0/2_1 is configurable and the size of DCI format 2_0/2_1 can be lower than fallback DCI, it is achieved under the premise of limited scheduling flexibility. In addition, considering the PDCCH blocking probability, the reliability of DCI may not high enough and type-2 HARQ-ACK codebook would lead to some risk on successful HARQ-ACK feedback. Furthermore, as discussed in Rel-16, not only URLLC, but also eMBB can use sub-slot based HARQ feedback procedure, and PDCCH scheduling eMBB may not have high reliability. Therefore, it is preferred that type-1 HARQ-ACK codebook should be supported for sub-slot-based HARQ-ACK feedback and this issue is to be considered as high priority.
Proposal 10: Support Type 1 HARQ codebook based on sub-slot PUCCH config in R17 and consider it as high priority.
4. Conclusions

Based on the above discussions, the proposals are as follows:
Proposal 1: Support defer HARQ-ACK for SPS PDSCH to the first available valid PUCCH resource in case it collides with downlink symbols configured by TDD-UL-DL-ConfigCommon/Dedicated.

Proposal 2: For definition of “valid PUCCH resource”, the following alternatives can be further studied:
· Alt.1: “valid PUCCH resource” is a PUCCH resource without DL symbol(s) configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated

· Alt.2: “valid PUCCH resource” is periodically configured PUCCH resource/slot, and UE could expect that the configuration of periodic PUCCH resource/slot is always aligned with semi-static UL/DL configuration.

Proposal 3: Both type-1 and type-2 HARQ-ACK codebook construction need to be enhanced to accommodate the deferred SPS HARQ-ACK bits.

Proposal 4: For type-1 HARQ-ACK codebook, if the originally configured or defined K1 set is {K1,1, K1,2……K1,n}, it should be updated to be the union of { K1,1 ，K1,1+T-1 },{ K1,2 ，K1,2+T-1 }…{ K1,n ，K1,n+T-1 }, where T is the periodicity in semi-static UL/DL configuration or the periodicity of periodically configured PUCCH resource/slot.

Proposal 5: For type-2 HARQ-ACK codebook, the total bits to be appended for one activated SPS configuration needs to contain all the HARQ-ACK bits for SPS PDSCH reception activated from slot n- K1,c -T+1 to slot n- K1,c, where K1,c is the PDSCH-to-HARQ-feedback timing value in DCI activating the corresponding SPS configuration.
Proposal 6: Support SPS HARQ skipping for ‘skipped’ SPS PDSCH in R17 and consider it as high priority.
Proposal 7: PUCCH repetition enhancements is considered as low priority.
Proposal 8: Retransmission of cancelled HARQ is considered as low priority.

Proposal 9: SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH is considered as low priority.

Proposal 10: Support Type 1 HARQ codebook based on sub-slot PUCCH config in R17 and consider it as high priority.
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