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[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK26]During the RAN1#100b-e meeting, remaining issues have been discussed for DL SPS and some of them regarding the HARQ-ACK feedback have not been solved. This contribution focuses on these remaining issues. 
HARQ-ACK feedback of DL SPS
2.1 Counting HARQ-ACKs for SPS PDSCH cancelled by dynamic SFI/DCI
It has been agreed that if the SPS PDSCH is cancelled by dynamic SFI/DCI, NACK should be feedback for this SPS PDSCH. In the last meeting an issue was raised how to count SPS PDSCH for PUCCH power control [1].
According to the specification, in principle, for a PUCCH transmission using PUCCH format 1, 2, 3 or 4 and for a number of UCI bits smaller than or equal to 11, the PUCCH power control takes the number of meaningful information bits into account. In case that all the SPS PDSCHs are cancelled, the number of meaningful information bits   for HARQ-ACK is zero, which causes the PUCCH power control offset to become minus infinity. 
We think this may be a corner case and does not need to be addressed specifically, as it could be avoided by the gNB. However, if other companies regard this is a big problem, we think it can be solved by setting the PUCCH power control offset to 0 or by deleting the PUCCH transmission.
2.2 Potential ambiguity between SPS PDSCH release and codebook for SPS PDSCH receptions
In the last meeting, another concern was raised on the SPS release timeline and the codebook determination for SPS PDSCH receptions. The concern is that when dealing with SPS PDSCH overlapping, we assume all the SPS PDSCHs are activated. When the UE receives an SPS release DCI, it was claimed that it should be clarified at what time the SPS PDSCH configuration is released. Otherwise, there might be misunderstanding between the UE and the gNB. 
In our view, there is no confusion. There will be one ACK feedback for the released DCI, so we think before the ACK is sent by the UE, the SPS PDSCH should not be released.
2.3 HARQ-ACK codebook construction only for SPS PDSCH reception when the last SPS PDSCH occasion is omitted
In the last e-meeting, we have considered SPS PDSCH occasions with pdsch-aggregation factor for type 1 codebook construction [2].
It was agreed that for the Type 1 codebook construction, the UE generates the A/N bits in the same way as in Rel-15, which means one A/N bit should be included in the HARQ-ACK codebook if there is at least one occasion within a DL SPS with pdsch-aggregation factor occasions that has not been cancelled by dynamic SFI/DCI:
	Agreement
For Type-1 HARQ-ACK codebook, the set of MA,c occasions for candidate PDSCH receptions should be determined based on the maximum of the values of pdsch-AggregationFactor values, if provided in SPS-Config and/or PDSCH-Config, if provided.
· FFS: if RepNumR16 is provided
· For SPS PDSCH(s) with aggregation factor, UE generates A/N bits in the same way as in Rel-15 with pdsch- aggregation factor in Rel-15 with given set of MA,c occasions



The above agreement is currently not fully covered in the specification. The case when PUCCH is sent only for SPS PDSCH occasions with pdsch-aggregation factor and when the last SPS PDSCH occasion is omitted due to colliding with other SPS PDSCH(s) with lower configuration index is not handled according to the agreement above. In such a case, according to the current specification, the UE would not send any feedback for this SPS PDSCH, even if an earlier repetition has been received.
In the current spec, the HARQ-ACK feedback position of SPS PDSCH with pdsch-AggregationFactor >1 is determined according to the slot in which the UE is configured to receive the last SPS PDSCH. However, if the last SPS PDSCH is not received, e.g. due to collision with other SPS PDSCH(s) with lower configuration index, the 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). Thus, no feedback for that DL SPS would be provided. In our view as long as at least one repetition of a DL SPS has been received, the corresponding bit for the HARQ-A/N feedback should be included in the code book.
For example consider Figure 1 below. For SPS ID 1, the periodicity P=2 slots is assumed and the number of repetition N is 1，K1 is set to 2 slots. For SPS ID 2, the periodicity P=2 slots is assumed and the number of repetition N is 2，K1 is also set to 2 slots. The first repetition for SPS ID1 is in slot #1 and the second repetition is in slot#3. For SPS ID2, the first repetition of SPS ID2 is in slot #2 and second repetition is in slot #3. The second repetition of SPS ID2 is not be received because it is overlapped with PDSCH of SPS ID1. But it can be seen from the figure that the first repetition in slot 2 has been received, so the HARQ-ACK feedback for this last SPS PDSCH repetition should also be included in the HARQ-ACK codebook. Otherwise, the gNB would need to resend the entire SPS ID2.

[image: ]
Figure 1 - HARQ-ACK feedback for a SPS PDSCH repetition

Observation 1: According to the current specification, if the last repetition of a DL SPS PDSCH repetition is not received, the corresponding HARQ-A/N bit is not included in the codebook. This is the case even if an earlier repetition of the same DL SPS has been received. This is not in-line with the agreement that “For SPS PDSCH(s) with aggregation factor, UE generates A/N bits in the same way as in Rel-15 with pdsch- aggregation factor in Rel-15 with given set of MA,c occasions”.   
Proposal 1: 1bit of HARQ-ACK feedback for a SPS PDSCH should also be included in the HARQ-ACK codebook for SPS only, if at least one SPS PDSCH repetition is not cancelled.
In order to include the above proposal in the specification, we suggest the following TP could be found in the following.
Proposal 2: Endorse the following TP to ensure that HARQ-A/N feedback for DL SPS PDSCH is included in the HARQ-ACK codebook for SPS only if at least one repetition of the DL SPS has been received. 
----------------------------------Start of text proposal for 38.213 V16.2.0--------------------------------------------  
[bookmark: _Ref497329097][bookmark: _Toc12021469][bookmark: _Toc20311581][bookmark: _Toc26719406][bookmark: _Toc29894839][bookmark: _Toc29899138][bookmark: _Toc29899556][bookmark: _Toc29917293][bookmark: _Toc36498167][bookmark: _Toc45699193]9.1.2	Type-1 HARQ-ACK codebook determination
*** Unchanged text is 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 in slot  for SPS PDSCH configuration  on serving cell , excluding SPS PDSCH that is not required to be received for each slot from slot   to slot , 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, 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
---------------------------------------------End of text proposal--------------------------------------------------------

2.4 HARQ-ACK feedback for SPS PDSCH release and SPS PDSCH receptions
The main issue is how to handle the scenario where SPS release DCI and SPS PDSCH for the same configuration are received in the same slot. This scenario can at least happen if a 1-slot periodicity is configured.  In this situation, we will face the following cases according to the FL’s summary [3]:

· 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 
· 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

The agreement about these two cases is given below [4], which means case 1-2 is supported.
	· 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



We think in addition to case 1-2 also the cases 1-1 and 2 should be allowed to increase the scheduling flexibility, for example, the gNB should be able to release the SPS configuration at any time. 

For Case 1-1, in a slot, if SPS release DCI is received before the end of the SPS PDSCH for the same SPS configuration, then if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs, then there will be no collision on the HARQ-ACK, so both SPS PDSCH and SPS release DCI could be received. 

For Case 2, the same as for case 1, 1 bit HARQ-ACK could be 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. If HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs, then there will be no collision on the HARQ-ACK, so both SPS PDSCH and SPS release DCI could be received.

Proposal 3: For the scenario where SPS release DCI and SPS PDSCH for the same configuration are received in the same slot, the following cases are supported in addition to the already agreed case 1-2:
· Case 1-1: In a slot, if SPS release DCI is received before the end of the SPS PDSCH for the same SPS configuration 
· Support the HARQ-ACK for the SPS release and the SPS reception mapping to different PUCCHs
· Case 2: In a slot, if SPS release DCI is received after the end of the SPS PDSCH for the same SPS configuration 
· Case 2-1: 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.
· Case 2-2: Support the HARQ-ACK for the SPS release and the SPS reception mapping to different PUCCHs

To design a unified solution, the above method could be used for both a UE having the processing capability of a single unicast PDSCH reception per slot and also for a UE having the processing capability for more than one unicast PDSCH reception per slot.
Conclusion
According to the discussion, following proposals and observations are provided:
Observation 1: According to the current specification, if the last repetition of a DL SPS PDSCH repetition is not received, the corresponding HARQ-A/N bit is not included in the codebook. This is the case even if an earlier repetition of the same DL SPS has been received. This is not in-line with the agreement that “For SPS PDSCH(s) with aggregation factor, UE generates A/N bits in the same way as in Rel-15 with pdsch- aggregation factor in Rel-15 with given set of MA,c occasions”.   
Proposal 1: 1bit of HARQ-ACK feedback for a SPS PDSCH should also be included in the HARQ-ACK codebook for SPS only, if at least one SPS PDSCH repetition is not cancelled.
[bookmark: _GoBack]Proposal 2: Endorse the following TP to ensure that HARQ-A/N feedback for DL SPS PDSCH is included in the HARQ-ACK codebook for SPS only if at least one repetition of the DL SPS has been received. 
----------------------------------Start of text proposal for 38.213 V16.2.0--------------------------------------------  
9.1.2	Type-1 HARQ-ACK codebook determination
*** Unchanged text is 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 in slot  for SPS PDSCH configuration  on serving cell , excluding SPS PDSCH that is not required to be received for each slot from slot   to slot , 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, 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
---------------------------------------------End of text proposal--------------------------------------------------------

Proposal 3: For the scenario where SPS release DCI and SPS PDSCH for the same configuration are received in the same slot, the following cases are supported in addition to the already agreed case 1-2:
· Case 1-1: In a slot, if SPS release DCI is received before the end of the SPS PDSCH for the same SPS configuration 
· Support the HARQ-ACK for the SPS release and the SPS reception mapping to different PUCCHs
· Case 2: In a slot, if SPS release DCI is received after the end of the SPS PDSCH for the same SPS configuration 
· Case 2-1: 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.
· Case 2-2: Support the HARQ-ACK for the SPS release and the SPS reception mapping to different PUCCHs
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