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1. Introduction
Based on current specification and agreements [1], following remaining issues related to SPS enhancement for Rel.16 are discussed in this contribution:
· [bookmark: _Hlk37106385]SPS PDSCH release for UEs with single PDSCH decoding per slot capability
· Type-1 HARQ-ACK codebook with SPS PDSCH aggregation
2. SPS PDSCH release for UEs with single PDSCH decoding per slot capability 
In Rel-15, the Type-1 HARQ-ACK codebook construction pseudocode in Clause 9.1.2.1 in TS 38.213 specifies the following:
	[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
[…] 
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
[…] 


In Rel-15, if the UE does not indicate a capability to receive more than one unicast PDSCH per slot, in order to ensure that only one HARQ-ACK bit is reported per DL slot in Type-1 HARQ-ACK codebook, the UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot. Since only one SPS PDSCH configuration can be configured per cell group and the minimum SPS PDSCH periodicity is 10ms, it is easy to be implemented by gNB to find the slot for SPS release in which the UE is not configured to receive SPS PDSCH reception. However, it was agreed that multiple SPS configurations can be configured per cell or per cell group and the minimum SPS PDSCH periodicity can be down to one slot in Rel-16, gNB is unable to find such a slot for SPS release especially when SPS PDSCH periodicity is one slot. Therefore, the restriction that the UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot should be removed in Rel-16. Then solutions should be studied for the issue that the HARQ-ACKs for the SPS PDSCH release and the SPS PDSCH are expected to be transmitted in the same PUCCH when SPS PDSCH release can be received in the same slot that SPS PDSCH is configured to be received. Following two options were discussed in the last meeting [2]:
	For a UE not indicating a capability to receive more than one unicast PDSCH per slot, 
· Option 1: Support PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs.
· Option 2: If a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, at least for same-carrier scheduling case,
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot is received in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· FFS cross-carrier scheduling case


When analysing the two options above, three possible use cases below for SPS PDSCH release is received in the same slot that SPS PDSCH is configured to be received should be considered:
· Case 1: The SPS PDSCH release ends after the last symbol of SPS PDSCH. E.g., shown as below figure, SPS PDSCH periodicity for SPS configuration #1 is one slot, the SPS PDSCH release ends after the last symbol of SPS PDSCH #1. For this case, when gNB determines to send a SPS PDSCH release, the subsequent SPS PDSCH may have been transmitted. Then with option 1, it is controlled by gNB that the UE will report valid ACK value for SPS PDSCH release in a PUCCH and report valid ACK value for SPS PDSCH #1 in another PUCCH. This case is not allowed with option 2.
[image: ]
Fig.1 Example for case 1
· Case 2: The SPS PDSCH release ends before the start symbol of SPS PDSCH. E.g., shown as the below figure, SPS PDSCH periodicity for SPS configuration #1 is one slot, the SPS PDSCH release ends before the start symbol of SPS PDSCH #1. For this case, when gNB determines to send a SPS PDSCH release, the subsequent SPS PDSCH will be not transmitted. Then with option 1, it is controlled by gNB that the UE will report valid ACK value for SPS PDSCH release in a PUCCH and report NACK for SPS PDSCH #1 in another PUCCH. With option 2, UE will only report valid ACK value for SPS PDSCH release in a PUCCH and not report HARQ-ACK information for SPS PDSCH #1. When the SPS PDSCH release is missed, UE will report NACK for SPS PDSCH, so no problem for both two options.
[image: ]
Fig.2 Example for case 2
· Case 3: The SPS PDSCH release is overlapped with the SPS PDSCH in time domain. The UE behaviour when SPS release and SPS PDSCH for the same configuration are overlapped or close to each other was also discussed in RAN1#100b-e meeting [2]. And we think following proposal can be supported. For this case, both options can work.
	At least for self-carrier SPS release, if an SPS PDSCH is configured to be received in a slot, the UE is not required to receive SPS PDSCH of the SPS configuration that is released by a PDCCH ending no later than the ending of the SPS PDSCH. 
· FFS on HARQ-ACK reporting procedure, joint SPS release
· FFS on cross-carrier SPS release 


[image: ]
 Fig.3 Example for case 3
Based on above analysis, we prefer Option 1 since it works for all the cases.  In Option 1, different K1 values can be configured for SPS PDSCH and SPS release to ensure that their HARQ-ACK bits are separately reported in two HARQ-ACK codebooks in two PUCCHs, regardless of the SPS PDSCH and the SPS release sharing the same SPS configuration index or not.

Proposal 1:
· For a UE not indicating a capability to receive more than one unicast PDSCH per slot, if the UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, at least for same-carrier scheduling case, 
· Support to receive SPS PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs, regardless of if the SPS PDSCH and the SPS release share the same configuration index or not.
· The UE is not required to receive SPS PDSCH of the SPS configuration that is released by a PDCCH ending no later than the ending of the SPS PDSCH.
· FFS cross-carrier scheduling case

3. Type-1 HARQ-ACK codebook with multiple aggregation factors
In RAN1 #100-e meeting, following agreements was made [3]:
	Agreement
Introduce configuration of PDSCH aggregation factor (pdsch-AggregationFactor) per DL SPS configuration with the value range of {1,2,4,8} 
· For PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, or PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled with CS-RNTI with NDI=0
· PDSCH aggregation factor signaled in sps-Config (newly introduced RRC parameter) is applied if configured; otherwise, PDSCH aggregation factor signaled in pdsch-Config is applied
· For PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled with CS-RNTI with NDI=1
· PDSCH aggregation factor signaled in pdsch-Config is applied


In addition, in RAN1 #100bis-e meeting, following agreement was made [1]:
	Agreements:
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, when a UE is configured with pdsch-AggregationFactor, SPS PDSCH overlapping handling is performed per slot.
· FFS: Type-1 and Type-2 HARQ-ACK codebook construction when UE is configured with (multiple) pdsch-AggregationFactor









[bookmark: _Hlk38990259][bookmark: _Hlk39046245]In Rel-15, the number of PDSCH aggregation is configured by parameter pdsch-AggregationFactor for a specific UE. If a UE is provided pdsch-AggregationFactor,  is a value of pdsch-AggregationFactor, then UE will repeat the PDSCH transmission in  consecutive slots. For Type-1 HARQ-ACK codebook, the UE reports HARQ-ACK information for a PDSCH reception from slot  to slot  only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where  is the HARQ-ACK timing value. If the symbols for the PDSCH transmission in each of  consecutive slots are overlapped with UL symbols, the HARQ-ACK position for the PDSCH will be not generated in Type-1 HARQ-ACK codebook, otherwise, the HARQ-ACK position for the PDSCH will be generated. In Rel-16, it was agreed that PDSCH aggregation factor can be separately configured for each SPS configurations, then it is possible for a UE having multiple values of pdsch-AggregationFactor for both DG PDSCH and SPS PDSCH, and HARQ-ACK bits for the dynamic scheduled PDSCH and SPS PDSCH are to be multiplexed in a same Type-1 HARQ-ACK codebook. However, with current Type-1 HARQ-ACK codebook construction mechanism, HARQ-ACK information for some PDSCH receptions with smaller PDSCH aggregation factor value may not be reported in the HARQ-ACK codebook in TDD scenario. As shown in the figure below, for a UE with two PDSCH aggregation factor values, the PDSCH aggregation factor N1=2 configured in pdsch-Config and the PDSCH aggregation factor N2=4 for SPS PDSCH #0 configured in sps-Config. If UE uses the PDSCH aggregation factor N1=2 configured in pdsch-Config to determine the HARQ-ACK codebook in UL slot 4, then with the given TDD configuration in the figure, for K1=1, since the slots for SPS PDSCH #0 repetition 3 and SPS PDSCH #0 repetition 4 are configured as UL slots, no HARQ-ACK position will be generated for SPS PDSCH #0 according to current specification. However, as the SPS PDSCH #0 can be transmitted in slot 0 and slot 1, UE should be able to report HARQ-ACK for SPS PDSCH #0 in the HARQ-ACK codebook. Therefore, a simple and safe way is to use the maximum of the PDSCH aggregation factor values, if provided by pdsch-AggregationFactor in SPS-Config and/or PDSCH-Config.

[image: ]
Fig.4 Type-1 HARQ-ACK codebook with multiple aggregation factors
Proposal 2:
·  If a UE is provided multiple PDSCH aggregation factor values by pdsch-AggregationFactor in SPS-Config and/or PDSCH-Config, the Type-1 HARQ-ACK codebook is determined based on the maximum of the multiple PDSCH aggregation factor values.

4. Conclusion
In this contribution, we discuss the remaining issues for SPS enhancement for Rel. 16 URLLC. Following are the summary:
Proposal 1:
· For a UE not indicating a capability to receive more than one unicast PDSCH per slot, if the UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, at least for same-carrier scheduling case, 
· [bookmark: _GoBack]Support to receive SPS PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs, regardless of if the SPS PDSCH and the SPS release share the same configuration index or not.
· The UE is not required to receive SPS PDSCH of the SPS configuration that is released by a PDCCH ending no later than the ending of the SPS PDSCH.
· FFS cross-carrier scheduling case
Proposal 2:
·  If a UE is provided multiple PDSCH aggregation factor values by pdsch-AggregationFactor in SPS-Config and/or PDSCH-Config, the Type-1 HARQ-ACK codebook is determined based on the maximum of the multiple PDSCH aggregation factor values.
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