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[bookmark: _Ref521334010]Introduction
This contribution analyzes remaining issues on DL SPS enhancement. Text proposals are provided according to the proposals.
Discussion 
2.1 HARQ-ACK codebook for SPS PDSCH with PDSCH aggregation
It was agreed that the PDSCH aggregation factor for SPS PDSCH can be configured independently per SPS configuration in [1]. After the discussion during last meeting, a remaining issue on HARQ-ACK codebook construction only for SPS PDSCH reception when the last SPS PDSCH occasion is omitted needs further discussion.
According to the current specification, a UE reports HARQ-ACK information for a PDSCH reception from slot  to slot  if  is provided by pdsch-AggregationFactor for a Type-1 HARQ-ACK codebook as defined in clause 9.1.2 in TS38.213. The HARQ-ACK feedback position of SPS PDSCH with pdsch-AggregationFactor >1 is determined according to the slot in which UE is configured to receive the last SPS PDSCH. For a HARQ-ACK codebook including HARQ-ACK feedback for SPS PDSCHs only, if the last SPS PDSCH of a SPS PDSCH aggregation is not received, e.g. due to colliding with semi-static uplink symbol(s) or with other SPS PDSCH(s) with lower configuration index, HARQ-ACK feedback for the last SPS PDSCH would not be included in the HARQ-ACK codebook even if UE received the other SPS PDSCH repetition(s), which would result in unnecessary retransmission. An example is shown in Figure 1 where HARQ-ACK for SPS2 cannot be included in the HARQ-ACK codebook in slot n+1 since SPS2 is cancelled due to colliding with SPS1 in slot n.
Hence, we propose that as long as UE receives at least one SPS PDSCH repetition, the HARQ-ACK feedback should be included in the HARQ-ACK codebook corresponding to the last transmission slot which is inline with the Type-1 HARQ-ACK codebook determination with dynamic PDSCH. For the same example shown in Figure 1, HARQ-ACK bit corresponding to SPS 2 is included in the HARQ-ACK codebook in slot n+1 since UE has received SPS 2 in slot n-1. 


Figure 1: HARQ-ACK feedback for SPS with repetition in case the last SPS PDSCH is cancelled
Proposal 1: HARQ-ACK bit corresponding to an SPS PDSCH is included in the HARQ-ACK codebook corresponding to the last transmission slot as long as UE receives at least one SPS PDSCH among SPS PDSCH repetitions.
The following TP is proposed according to the above proposal:
-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Ref497329097][bookmark: _Toc12021469][bookmark: _Toc20311581][bookmark: _Toc26719406][bookmark: _Toc29894839][bookmark: _Toc29899138][bookmark: _Toc29899556][bookmark: _Toc29917293][bookmark: _Toc36498167]9.1.2	Type-1 HARQ-ACK codebook determination
<unchanged text omitted>
Set  to the number of serving cells configured to the UE
Set  to the number of SPS PDSCH configuration configured to the UE for serving cell 
Set  to the number of DL slots for SPS PDSCH reception on serving cell  with HARQ-ACK information multiplexed on the PUCCH
Set  – HARQ-ACK information bit index
Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if {
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]a UE is configured to receive a SPS PDSCH from slot   to slot  for SPS PDSCH configuration  on serving cell , excluding none of the SPS PDSCH(s) from slot   to slot   is not required to be received among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214], or due to overlapping with a set of symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, where N is provided by pdsch-AggregationFactor if configured, N=1 otherwise, and
HARQ-ACK information for the SPS PDSCH is associated with the PUCCH
}
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while
<unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 2: Adopt the text proposal for HARQ-ACK codebook generation in response to SPS PDSCH receptions.
2.2 SPS PDSCH release and SPS PDSCH receptions
One remaining issue is how to handle the scenario where SPS release DCI and SPS PDSCH for the same configuration are received in the same slot which can happen at least if 1 slot periodicity is configured. It was divided into following four cases and some agreement was achieved in the last meeting:
· Case 1: In a slot, if SPS release DCI is received before the end of the SPS PDSCH for the same SPS configuration 
· Case 1-1: A UE is not required to receive the SPS PDSCH if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs
· Expected consequence: separate HARQ-ACK bits but NACK for the SPS PDSCH?
· Case 1-2: A UE is not required to receive the SPS PDSCH if HARQ-ACK for the SPS release and the SPS reception would map to the same PUCCH
· Expected consequence: only 1 bit for SPS release
· Case 2: In a slot, if SPS release DCI is received after the end of the SPS PDSCH for the same SPS configuration 
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Case 2-1: SPS PDSCH is received if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs 
· Expected consequence: Separate HARQ-ACK bits
· Case 2-2: A UE is not required to receive the SPS PDSCH if HARQ-ACK for the SPS release and the SPS reception would map to the same PUCCH
· Expected consequence: only 1 bit for SPS release

	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



According to these agreements, case 1-2 is supported and only 1 bit HARQ-ACK feedback for the SPS release DCI is generated while case 2-2 is not supported. Further discussion on case 1-1 and case 2-1 in which HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs is needed. On the whole, we think HARQ-ACK for the release DCI and the SPS PDSCH would not impact each other if they map to different PUCCHs. In addition, we prefer that UE stops HARQ-ACK feedback for SPS PDSCHs with time locations after the release DCI to avoid introducing additional timeline to define when UE stops HARQ-ACK feedback for a SPS PDSCH configuration after receiving release DCI. gNB should ensure that the HARQ-ACK feedback for the SPS release DCI would be transmitted earlier than the SPS PDSCH to avoid misalignment between UE and gNB if the release DCI is missed.
Therefore, for case 1-1 as shown in Figure 2, UE should not generate HARQ-ACK for SPS#1 in slot n+2.


Figure 2: UE HARQ-ACK feedback for SPS PDSCH and release DCI for case 1-1
When the SPS release DCI is received after the end of the SPS PDSCH for the same SPS configuration in case 2-1, it is desirable to allow the SPS release DCI and SPS PDSCH reception both to be received and generate HARQ-ACK feedback when the HARQ-ACK bits would map to different PUCCHs, which can improve the scheduling flexibility of SPS PDSCH release as shown in Figure 3.


Figure 3: UE HARQ-ACK feedback for SPS PDSCH and release DCI for case 2-1
Proposal 3: In a slot, if SPS release DCI is received before the end of the SPS PDSCH for the same SPS configuration, UE does not expect to receive the SPS PDSCH and does not generate HARQ-ACK information for the SPS PDSCH if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs.
Proposal 4: In a slot, if SPS release DCI is received after the end of the SPS PDSCH for the same SPS configuration, separate HARQ-ACK bits would be generated when the HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs.
What we discussed so far is SPS release DCI is received in a slot with the SPS PDSCH for the same SPS configuration. There is a special case in which a joint release DCI is received in a slot where the SPS PDSCH is transmitted without the lowest index among SPS PDSCHs released by the corresponding DCI.  We prefer to allow this case as shown in Figure 4 to relax the restriction for the transmission occasion of the release DCI since SPS2 has been released after receiving the release DCI and only one bit for the release DCI would be generated without confusion.


Figure 4: joint release DCI and SPS PDSCH for the same SPS configuration other than the lowest index
Proposal 5: A joint SPS release DCI can be received in a slot before the end of an SPS PDSCH other than the SPS PDSCH with the lowest configuration index released by the DCI.
Then, it should be discussed whether an SPS release DCI can be received or not in a slot where only exists an SPS PDSCH for the different SPS configuration. In this condition, if HARQ-ACKs for the release DCI and the SPS PDSCH map to the same PUCCH when UE is capable of receiving only one unicast PDSCH, or the SLIVs of the release DCI and the SPS PDSCH belong to the same SLIV group even if the UE is capable of receiving more than one unicast PDSCH, the HARQ-ACK for the release DCI would have an impact on the HARQ-ACK for the SPS PDSCH for the different configuration.  At this time, one alternative is to allow the HARQ-ACK for the release DCI with higher priority and UE does not expect to receive the SPS PDSCH, which would affect the transmission of the other SPS configuration at least in Type 1 codebook. Another alternative is to not support an SPS release PDCCH received in the slot for the different SPS configuration corresponding to the SPS release DCI at least in Type 1 codebook as shown in Figure 5.


Alternative 1: HARQ-ACK feedback for the release DCI is transmitted in the PUCCH


Alternative 2: HARQ-ACK feedback for the SPS PDSCH is transmitted in the PUCCH
Figure 5: HARQ-ACK feedback for release DCI and SPS PDSCH for different SPS configuration in a slot
Besides, if the HARQ-ACK for the release DCI has no impact on the HARQ-ACK for the SPS PDSCH for the different configuration considering the SLIV grouping, UE can receive the release DCI no matter before or after the end of the SPS PDSCH for a different SPS configuration in the same slot and generate separate HARQ-ACK bits for the release DCI and the SPS PDSCH.
Proposal 6: For the HARQ-ACKs for the release DCI and SPS PDSCH for a different configuration from the SPS configuration indicated in the release DCI, if they map to the same PUCCH when a UE is capable of receiving only one unicast PDSCH or their corresponding SLIVs belong to the same SLIV group even if the UE is capable of receiving more than one unicast PDSCH, down select from the following two alternatives:
· Alternative 1: UE does not expect to generate HARQ-ACK feedback for the SPS PDSCH and always generate HARQ-ACK feedback for the release DCI.
· Alternative 2: UE does not expect to receive the release DCI in this case. 
Otherwise, UE can receive the release DCI and the SPS PDSCH for different SPS configuration in the same slot and generate separate HARQ-ACK bits.
Furthermore, for all above cases, we think that UE should determine the SPS PDSCH received among a group of SPS PDSCHs according to the agreement in [2] before handling the issue on SPS release DCI and SPS PDSCH received in the same slot. For example, as shown in Figure 6, SPS#1 would be received after handling the overlapping issue in slot n, then 1 bit HARQ-ACK would be generated for release DCI and UE does not expect to receive the SPS#1 in case1 following the agreement achieved during last meeting. However, in case2, since SPS#2 and release DCI for SPS#2 are in the same slot, UE may consider it is a case of release DCI and the same SPS configuration in the same slot so as to put HARQ-ACK of release DCI in the position associated with SPS#2 in the HARQ-ACK codebook, which may collide with the HARQ-ACK position of SPS#1. The correct way is to deal this case as release DCI and a different SPS configuration in the same slot since SPS#2 would not be received in slot n due to SPS overlapping. In addition, in a slot, if an SPS PDSCH is cancelled by dynamic SFI/DCI, the SPS PDSCH should be considered as the received SPS PDSCH to avoid misalignment between gNB and UE due to misdetection.

Case 1   

Case 2    
Figure 6: HARQ-ACK feedback for release DCI and SPS with overlapping in a slot
Proposal7: SPS PDSCH cancellation due to SPS overlapping or overlapping with semi-static uplink symbols should be performed before handling the case of receiving release DCI and SPS PDSCH in the same slot.
2.3 Counting HARQ-ACKs for SPS PDSCH cancelled by dynamic SFI/DCI
An issue on PUCCH power control with HARQ-ACK for SPS PDSCH only was raised during the last e-meeting. 
For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits smaller than or equal to 11, [image: ] for PUCCH power control is calculated as follows
[image: ]
where [image: ] is calculated as follows for Type-1 HARQ-ACK codebook.
	[image: ] where 
-	[image: ] is the number of transport blocks the UE receives in PDSCH reception occasion [image: ] for serving cell [image: ] if harq-ACK-SpatialBundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number of transport blocks the UE receives in PDSCH reception occasion [image: ] for serving cell [image: ] if PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format 1_0, or the number of PDSCH receptions if harq-ACK-SpatialBundlingPUCCH is provided or SPS PDSCH release in PDSCH reception occasion [image: ] for serving cell [image: ] and the UE reports corresponding HARQ-ACK information in the PUCCH.
-    [image: ] is the number of CBGs the UE receives in a PDSCH reception occasion [image: ] for serving cell [image: ] if PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format 1_1 and the UE reports corresponding HARQ-ACK information in the PUCCH.



When all of the SPS PDSCHs are cancelled by dynamic SFI/DCI, [image: ]=0 leading to an invalid value of[image: ].
The motivation of reserving the HARQ-ACK feedback for cancelled SPS PDSCH due to dynamic SFI/DCI is to ensure the size alignment of HARQ-ACK codebook even if the dynamic SFI/DCI is missed by UE. However, if all of the SPS PDSCHs are cancelled, there seems no issue if UE does not transmit the HARQ-ACK codebook.
Proposal 8: UE does not transmit a HARQ-ACK codebook if all the corresponding SPS PDSCH(s) are cancelled and there is no HARQ-ACK for a PDSCH scheduled by a DCI multiplexed in the same HARQ-ACK codebook.
Conclusion
This contribution discussed enhancement for DL SPS. We have the following observations and proposals,
Proposal 1: HARQ-ACK bit corresponding to an SPS PDSCH is included in the HARQ-ACK codebook corresponding to the last transmission slot as long as UE receives at least one SPS PDSCH among SPS PDSCH repetitions.
Proposal 2: Adopt the text proposal for HARQ-ACK codebook generation in response to SPS PDSCH receptions.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
9.1.2	Type-1 HARQ-ACK codebook determination
<unchanged text omitted>
Set  to the number of serving cells configured to the UE
Set  to the number of SPS PDSCH configuration configured to the UE for serving cell 
Set  to the number of DL slots for SPS PDSCH reception on serving cell  with HARQ-ACK information multiplexed on the PUCCH
Set  – HARQ-ACK information bit index
Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if {
a UE is configured to receive a SPS PDSCH from slot   to slot  for SPS PDSCH configuration  on serving cell , excluding none of the SPS PDSCH(s) from slot   to slot   is not required to be received among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214], or due to overlapping with a set of symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, where N is provided by pdsch-AggregationFactor if configured, N=1 otherwise, and
HARQ-ACK information for the SPS PDSCH is associated with the PUCCH
}
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while
<unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 3: In a slot, if SPS release DCI is received before the end of the SPS PDSCH for the same SPS configuration, UE does not expect to receive the SPS PDSCH and does not generate HARQ-ACK information for the SPS PDSCH if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs.
Proposal 4: In a slot, if SPS release DCI is received after the end of the SPS PDSCH for the same SPS configuration, separate HARQ-ACK bits would be generated when the HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs.
Proposal 5: A joint SPS release DCI can be received in a slot before the end of an SPS PDSCH other than the SPS PDSCH with the lowest configuration index released by the DCI is configured to transmit.
Proposal 6: For the HARQ-ACKs for the release DCI and SPS PDSCH for a different configuration from the SPS configuration indicated in the release DCI, if they map to the same PUCCH when a UE is capable of receiving only one unicast PDSCH or their corresponding SLIVs belong to the same SLIV group  even if the UE is capable of receiving more than one unicast PDSCH, down select from the following two alternatives:
· Alternative 1: UE does not expect to generate HARQ-ACK feedback for the SPS PDSCH and always generate HARQ-ACK feedback for the release DCI.
· Alternative 2: UE does not expect to receive the release DCI in this case. 
Otherwise, UE can receive the release DCI and the SPS PDSCH for different SPS configuration in the same slot and generate separate HARQ-ACK bits.
Proposal7: SPS PDSCH cancellation due to SPS overlapping or overlapping with semi-static uplink symbols should be performed before handling the case of receiving release DCI and SPS PDSCH in the same slot.
Proposal 8: UE does not transmit a HARQ-ACK codebook if all the corresponding SPS PDSCH(s) are cancelled and there is no HARQ-ACK for a PDSCH scheduled by a DCI multiplexed in the same HARQ-ACK codebook.
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