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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this contribution, we share our views on remaining issues for SPS enhancement for Rel-16 URLLC.
[bookmark: OLE_LINK12]Discussion
[bookmark: _Hlk46830465]SPS PDSCH release and SPS receptions with slot aggregation (Issue #3)
In the last meeting, issue 3 of SPS PDSCH release and SPS receptions with slot aggregation was discussed. But no consensus can be achieved on how to handle SPS PDSCH repetition and SPS release due to different understanding on current specification [1]. There are some related issues are suggested to be discussed in this meeting.
1) [bookmark: _Hlk68114804]Whether to support SPS PDSCH and SPS release in the same DL slot mapped to different HARQ-ACK PUCCHs
In previous meeting, we made extensive discussions on the issue of SPS release and SPS reception, in RAN1#101 e-meeting, the following agreements were acheived [2]:
	Agreement
· At least, support the case that in a slot SPS release PDCCH is received before the end of the SPS PDSCH reception for the same SPS configuration corresponding to the SPS release PDCCH
· 1 bit HARQ-ACK is generated for SPS release and a UE does not expect to receive the SPS PDSCH if HARQ-ACKs for the SPS release and the SPS reception would map to the same PUCCH.
· FFS whether and how to support the HARQ-ACK for the SPS release and the SPS reception mapping to different PUCCHs
·  FFS whether and how to support the case that SPS release PDCCH is received after the end of the SPS PDSCH for the same SPS configuration

Agreement 
It is not supported that a SPS release PDCCH in a slot is received after the end of the SPS PDSCH reception in the slot for the same SPS configuration corresponding to the SPS release PDCCH if HARQ-ACKs for the SPS release and the SPS reception would map to the same PUCCH. 
· FFS: if HARQ-ACKs for the SPS release and the SPS reception mapping to different PUCCHs



In RAN1#102 e-meeting, we made discussions on the above FFS points of SPS PDSCH release and SPS PDSCH receptions in the same or different slots and the HARQ-ACK for the SPS release and the SPS reception mapping to different PUCCHs [3]. On the GTW session, no consensus was achieved on the support of this cases. The use case of sending both SPS release and SPS PDSCH within the same slot and mapping their HARQ-ACK to different PUCCHs is not clear to us. It is just an optimization. If gNB decides to release the SPS PDSCH, then it will not transmit the SPS PDSCH within the same slot where the SPS release PDCCH will be sent. In addition, if we are going to support SPS PDSCH and SPS release in the same DL slot mapped to different HARQ-ACK PUCCHs. There would be so many issues to be solved. For example, UE behaviour is not clear and we need to discuss whether UE is expected to decode the SPS PDSCH and whether UE is needed to generate HARQ-ACK for the SPS PDSCH, whether or how to define timeline restriction for this case.
For the current specification, it is rather neither precluding nor supporting the case. In addition, if UE behaviour is not clear, to our understanding, that means not support HARQ-ACK mapped to different PUCCHs, since UE behaviour is not clear, gNB should not do that. Based on above, the following observation is given.
[bookmark: _Ref68178349]Proposal 1: SPS PDSCH and SPS release in the same DL slot mapped to different HARQ-ACK PUCCHs is not supported.
2) With (1), how to handle the case of SPS PDSCH repetition
There is no motivation to send a release DCI in the subsequent slot(s) when slot aggregation is configured for SPS. If it is allowed, then if the release DCI is sent in the subsequent slot(s) of SPS repetition, UE still needs to decode the previous SPS PDSCH repetitions, both HARQ-ACK for SPS release and SPS PDSCH would be mapped to the same HARQ-ACK bit. In this case, if UE missed the release DCI but correctly decoded the SPS PDSCH, UE would send ACK to the gNB and gNB may think that release DCI is correctly received by the UE. A smart gNB would never do such scheduling. Thus, we think it can be avoided by gNB, we are open for specification change to preclude it. We are also fine with no specification change since the UE behaviour is not clear, it should be understood that gNB should not do that.
PUCCH resource for SPS PDSCH HARQ-ACK and CSI
In the last meeting, the issue of PUCCH resource for SPS PDSCH HARQ-ACK and SR was discussed and solved. Another issue of PUCCH resource for SPS PDSCH HARQ-ACK and CSI was raised during the discussion. In NR Rel-15, there is only 1-bit HARQ-ACK for SPS PDSCH, and only one PUCCH of format 0/1 is configured for the HARQ-ACK transmission, so when the PUCCH overlaps with a CSI PUCCH, the HARQ-ACK will be multiplexed on CSI PUCCH resources. In NR Rel-16, there can be multiple HARQ-ACK bits for SPS PDSCHs and a UE can be configured with up to 4 PUCCH resources with larger capacity for the HARQ-ACK transmission. The issue of overlapping between multiple HARQ-ACK bits and CSI reports has not been discussed before. Some companies suggested that if the UE is provided SPS-PUCCH-AN-List, UE multiplexes the SPS HARQ-ACK and CSI on one of the PUCCH resources configured by SPS-PUCCH-AN-List to avoid unnecessary CSI dropping or low coding rate. Some companies thought the current specification can cover the case of multiple HARQ-ACK bits. The current specification for multiplexing of SPS HARQ-ACK and CSI is captured as following [4]:
	If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH
-	if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ]
-	else if [image: ] and [image: ], [image: ], the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] 
-	else the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 
[bookmark: _Hlk534904159]-	else, the UE transmits the [image: ] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Clause 9.2.5 



Note that the current specification is captured as “the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH”, it is more like to cover the case of 1-bit SPS HARQ-ACK only. 
Therefore, we have following proposal to cover the case of multiplexing SPS HARQ-ACK and CSI on the resource of CSI regardless of number of SPS HARQ-ACK.
[bookmark: _Ref53406608]Proposal 2: Adopt the following text proposal for PUCCH resource for SPS HARQ-ACK and CSI in 38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Ref500185963][bookmark: _Toc12021482][bookmark: _Toc20311594][bookmark: _Toc26719419][bookmark: _Toc29894854][bookmark: _Toc29899153][bookmark: _Toc29899571][bookmark: _Toc29917308][bookmark: _Toc36498182][bookmark: _Toc45699209][bookmark: _Toc60601326][bookmark: _Hlk68106186]9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
*** Unchanged text is omitted ***
If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where each of the HARQ-ACK(s), if any, is in response to a PDSCH reception without a corresponding PDCCH
-	if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ]
-	else if [image: ] and [image: ], [image: ], the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] 
-	else the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 
-	else, the UE transmits the [image: ] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Clause 9.2.5 
*** Unchanged text is omitted ***
----------------------------------------------------- End of text proposal ------------------------------------------------------
Conclusion
In this contribution, we discuss the remaining issues about enhancements to UCI, and the following proposals are made.
Proposal 1: SPS PDSCH and SPS release in the same DL slot mapped to different HARQ-ACK PUCCHs is not supported.
[bookmark: _GoBack]Proposal 2: Adopt the following text proposal for PUCCH resource for SPS HARQ-ACK and CSI in 38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
*** Unchanged text is omitted ***
If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where each of the HARQ-ACK(s), if any, is in response to a PDSCH reception without a corresponding PDCCH
-	if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ]
-	else if [image: ] and [image: ], [image: ], the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] 
-	else the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 
-	else, the UE transmits the [image: ] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Clause 9.2.5 
*** Unchanged text is omitted ***
----------------------------------------------------- End of text proposal ------------------------------------------------------
[bookmark: _Ref16527757][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref473620807]References
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