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Introduction
In RAN1 100be meeting, several agreements on DL SPS in RAN1 were achieved [1], and there are some remaining issues on HARQ-ACK for DL SPS .This document discusses these remaining issue.
HARQ-ACK feedback for DL SPS
For a UE not indicating a capability to receive more than one unicast PDSCH per slot, with type-1 HARQ-ACK codebook, it is not allowed that SPS release and unicast PDSCH to be transmitted in the same slot to ensure only a single HARQ-ACK bit for each slot. The restriction does not result in problem in Rel-15 due to SPS periodicity is long and gNB is easy to find a slot to transmit SPS release (when it is not transmitting unicast PDSCH). However in Rel-16, in case of 1-slot periodicity for SPS, for such UE (capable of only a single PDSCH decoding per slot), the gNB would never have a chance to transmit a SPS release. Although we cannot avoid SPS release and SPS PDSCH in the same slot, it is easier to assign different PUCCH for SPS release and SPS PDSCH in the same slot.
Proposal 1: Support PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs.
In Rel-16, due to introduction of shorter SPS periodicity down to 1 slot, it is noted that UE behavior would be unclear when SPS release and SPS PDSCH for the same configuration are overlapped or close to each other. There are several options.
· Option 1a: A UE does not expect to receive an SPS PDSCH starting after the starting symbol of the SPS release DCI indicating the same SPS PDSCH configuration
· Option 1b: A UE does not expect to receive an SPS PDSCH ending after the last symbol of the SPS release DCI indicating the same SPS PDSCH configuration
· 
· Option 2: A UE does not expect to receive an SPS PDSCH starting N symbols after the end of the SPS release DCI indicating the same SPS PDSCH configuration
Generally, SPS PDSCH should not be sent after SPS release is sent. However, there are some related issues to be considered: 
· SPS release and SPS PDSCH overlapping in time domain. In that case, an SPS PDSCH starting after the starting symbol of the SPS release DCI indicating the same SPS PDSCH configuration SPS release processing time but the SPS PDSCH ending before the last symbol of the SPS release, then UE may still need to receive SPS PDSCH before SPS release is decoded, so option 1a is too restrictive for SPS release and SPS PDSCH overlapping in time domain.
· SPS release processing time. Considering SPS release processing time, UE may receive SPS PDSCH starting earlier than N symbols after the end of the SPS release, in which N is SPS release processing time. So both option 1a and 1b are too restrictive due to SPS release processing time is not ignored.
Proposal 2: A UE does not expect to receive an SPS PDSCH starting N symbols after the end of the SPS release DCI indicating the same SPS PDSCH configuration

HARQ-ACK codebook for SPS PDSCH with PDSCH aggregation 
There are some remaining issues on HARQ-ACK codebook when PDSCH aggregation is configured for SPS. 
· A/N bit generation 
· Option 1: Per slot per occasion
Pros: More HARQ-ACK feedback opportunities and low HARQ-ACK dropping probability if different PUCCH for different SPS PDSCH repetition
Cons: More specification work and PUCCH reliability reduces due to PUCCH payload increases
· Option 2: Per periodicity (all pdsch-AggregationFactor occasions)
Pros: Reuse Rel-15 mechanism and reliable PUCCH transmission
Cons: HARQ-ACK dropping if PUCCH for HARQ-ACK is indicated as downlink.
Option 2 reuse Rel-15 mechanism and HARQ-ACK dropping could be avoided by gNB reasonable scheduling, so option 2 is preferred.
· pdsch-AggregationFactor assumption for constructing HARQ-ACK codebook.
Maximum value of pdsch-AggregationFactor for SPS configuration with the same priority is preferred the solution makes common TDRA table for Type 1 HARQ-ACK codebook construction for all SPS configuration with the same priority. And maximum value based solution avoids unreasonable TDRA row deletion.
· If HARQ-ACK timing determination and codebook construction follow current rule in specification, HARQ-ACK maybe delete when last SPS repetition is cancelled due to SPS PDSCH overlapping, as shown in figure 1. There are two SPS configurations, SPS configuration 1 with AggregationFactor=2, and HARQ-ACK timing to PDSCH =3, SPS configuration 2 with AggregationFactor=4, and HARQ-ACK timing to PDSCH=4, the last SPS PDSCH repetition is cancelled due to it overlaps with SPS configuration 1, then HARQ-ACK for SPS configuration 2 is dropped. In slot n+3, only HARQ-ACK for SPS configuration 1 is feedbacked. To avoid HARQ-ACK for SPS configuration 2 deletion, it is suggested to modify HARQ-ACK feedback location, as shown in Figure 2. To be specific, HARQ-ACK location is determined by the last SPS PDSCH repetition except semi-static cancelled SPS PDSCH repetition. So for SPS configuration2, HARQ-ACK will be transmitted in Slot n+2 , which is determined by the 3rd PUSCH repetition (slot n-2) and HARQ timing to PDSCH=4.



	Figure 1 The case of HARQ-ACK deletion 	


Figure 2 The updated solution of HARQ-ACK transmission
Proposal 3: A/N bit generation is per periodicity.
Proposal 4: Maximum value of pdsch-AggregationFactor for multiple SPS configurations with the same priority is applied for Type 1 HARQ-ACK codebook construction.
Proposal 5: The slot/sub-slot to transmit HARQ-ACK depends on the reception of the last SPS PDSCH repetition after semi-static cancellation of SPS PDSCH repetition.
Conclusions
DL SPS enhancement are analyzed and followings are proposed:
Proposal 1: Support PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs.
Proposal 2: A UE does not expect to receive an SPS PDSCH starting N symbols after the end of the SPS release DCI indicating the same SPS PDSCH configuration.
Proposal 3: A/N bit generation is per periodicity.
Proposal 4: Maximum value of pdsch-AggregationFactor for SPS configuration with the same priority is applied for Type 1 HARQ-ACK codebook construction.
Proposal 5: The slot/sub-slot to transmit HARQ-ACK depends on the reception of the last SPS PDSCH repetition after semi-static cancellation of SPS PDSCH repetition.
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