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1 Introduction
[bookmark: _Hlk521077063]In the previous meetings, the following agreements has been made towards DL SPS:
RAN1 #97 Agreements [1]:
Regarding Q2 in LS from RAN2, the following is captured:
· RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot for all SCSs and single SPS configuration with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs

RAN1 #98 Conclusion [2]:
There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 
In this contribution, we will further discuss DL SPS enhancements, especially the potential impact on HARQ feedback.
2 Discussion on HARQ feedback for DL SPS
In NR Release 15, DL SPS is mainly used for VoIP traffic, so the minimum periodicity of SPS is 10ms. For eURLLC in Release 16, DL SPS is enhanced to support DL URLLC traffic. Therefore, as listed in the introduction part, shorter periodicity down to 1 slot is supported for DL SPS to further reduce the latency. 
In NR, the HARQ timing of DL SPS is configured by RRC signaling with a value set and a specific value is selected by the activation DCI with PDSCH-to-HARQ-timing indicator field. The PUCCH resource for HARQ-ACK is configured via SPS-Config with n1PUCCH-AN. Therefore, for every SPS PDSCH occasion, the HARQ-ACK timing and resource would be same. If the configured HARQ-ACK resource for SPS PDSCH is not available, i.e. the resource is configured by semi-static UL/DL configuration as downlink resource or indicated by SFI as downlink or flexible resource, UE will cancel the HARQ-ACK transmission of the SPS PDSCH expect for the first PDSCH scheduled by the activation DCI. 
From the above analysis we can conclude that with shorter SPS periodicity down to 1 slot, the collision between SPS HARQ-ACK resource and semi-static UL/DL configuration as well as dynamic SFI 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 DL/UL 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 configuration. In this way, the performance of DL SPS would be decreased since many PDSCHs needs to be retransmitted.


Figure 1: example of HARQ-ACK for DL SPS
In the last RAN1 meeting, the following proposal [3] has been made towards collision between SPS HARQ-ACK and semi-static TDD configuration but no consensus was reached due to limited time:
Proposal: 
If the HARQ-ACK PUCCH resource for SPS PDSCH without associated DCI (determined by HARQ-ACK timing in the activation DCI) collides with DL symbols given by semi-static TDD configuration, the following options are to be further investigated:
· Option 1b: Deferring HARQ-ACK until the first available valid PUCCH resource
· Option 1c: Deferring HARQ-ACK until the first available valid slot configured by RRC
· Option 2: Indicating K1 value for each SPS transmission in a time window configured by RRC. 
· Option 3: Reusing rel-15 rule (i.e., if the PUCCH resource determined by HARQ-ACK timing in the activation DCI collides with DL symbols given by semi-static TDD configuration, the PUCCH transmission is cancelled)
· Other options are not precluded
[bookmark: _Hlk19888927]From our point of view, R15 mechanism for handling collision of SPS HARQ-ACK and semi-static configuration and dynamic SFI needs to be enhanced to avoid the unnecessary retransmissions of SPS PDSCH, and hence option 3 can be excluded. 
As to option 2, if multiple K1 values is configured by RRC for each SPS transmission in a time window, the RRC overhead would be largely increased. Therefore, option 2 is not cost effective and option 1 is more preferred to defer SPS HARQ-ACK to the first available PUCCH resource if collision happens. However, if there is no available UL occasion 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 UL occasion in a configured time window to make sure that gNB could retransmit PDSCH on time.
Moreover, in order to simplify UE implementation and avoid UE processing or misunderstanding for determining the direction of every slot, periodical PUCCH resource/slot can be configured by high layer for “always-available” HARQ-ACK transmission. When a nominal HARQ-ACK occasion collides with DL symbols given by semi-static TDD configuration, it can be postponed to the first periodically configured PUCCH resource/slot. Specifically, UE could expect that the configuration of periodical PUCCH resource/slot are always aligned with semi-static UL/DL configuration and SFI indication if presented. This scheme could also ensure the latency of HARQ-ACK within a certain value, guarantee payload of PUCCH carrying postponed HARQ-ACK within a certain value, and configure different available PUCCH resource/slot to different UE to balance the load of PUCCH from system perspective. 
Proposal 1: If the HARQ-ACK resource for SPS PDSCH without associated DCI collides with DL symbols given by semi-static TDD configuration, the HARQ-ACK can be deferred to the first periodically configured PUCCH resource/slot after the original HARQ-ACK resource, where the periodically configured PUCCH resource is not expected to be collided with semi-static configured downlink symbol and SFI indicated downlink or flexible symbol.
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 postponed 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 of periodically configured PUCCH resource/slot discussed above.
[bookmark: _GoBack]Take figure.1 as an example, assuming that the configured K1 set is {1,2,3}, and periodicity of periodically configured PUCCH resource/slot is 5. 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 possibilities into consideration regardless of the actually activated K1 timing, the K1 set 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 one bit is added at the end of the HARQ-ACK codebook which would be not enough to accommodate HARQ-ACK bits of the candidate SPS PDSCH receptions with shorter periodicity. Therefore, instead of adding only one bit for SPS PDSCH reception activated to receive in slot n-K1,c , the total bits to be added 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 SPS PDSCH reception on serving cell c.
Proposal 2: HARQ-ACK codebook construction needs to be enhanced to accommodate the postponed SPS HARQ-ACK bits.
Proposal 3: 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 of periodically configured PUCCH resource/slot.
Proposal 4: For type-2 HARQ-ACK codebook, if SPS PDSCH reception is activated for a UE and the UE is configured to receive X SPS PDSCHs from slot n- K1,c -T+1 to slot n- K1,c, X bits should be added to the end of HARQ-ACK codebook. Where K1,c is the PDSCH-to-HARQ-feedback timing value in DCI activating SPS PDSCH reception on serving cell c.
3 Conclusion
In this contribution, we discussed the DL SPS enhancements, the following proposals are made:
Proposal 1: If the HARQ-ACK resource for SPS PDSCH without associated DCI collides with DL symbols given by semi-static TDD configuration, the HARQ-ACK can be deferred to the first periodically configured PUCCH resource/slot after the original HARQ-ACK resource, where the periodically configured PUCCH resource is not expected to be collided with semi-static configured downlink symbol and SFI indicated downlink or flexible symbol.
Proposal 2: HARQ-ACK codebook construction needs to be enhanced to accommodate the postponed SPS HARQ-ACK bits.
Proposal 3: 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 of periodically configured PUCCH resource/slot.
Proposal 4: For type-2 HARQ-ACK codebook, if SPS PDSCH reception is activated for a UE and the UE is configured to receive X SPS PDSCHs from slot n- K1,c -T+1 to slot n- K1,c, X bits should be added to the end of HARQ-ACK codebook. Where K1,c is the PDSCH-to-HARQ-feedback timing value in DCI activating SPS PDSCH reception on serving cell c.
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