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1 Introduction
In RAN1 #99 meeting, the following agreements regarding SPS PDSCH enhancements were made [1].
Agreement:
In Rel-16, multiple DL SPS configurations can be configured on different serving cells in a cell group.

Agreement:
Support DCI format 1-0, 1-1 and 1_2 for Rel-16 SPS activation and for Rel-16 SPS release.

Agreements:
HPN field in the applicable DL DCI formats with CRC scrambled by CS-RNTI and NDI=0 is used to indicate which SPS configuration is to be activated and which SPS configuration(s) is/are to be released
· M LSB HPN bits is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
· M is determined by the bit length for HPN field for each DCI format for activation and release of SPS configuration(s)
Agreement:
[bookmark: _Hlk32487091]For both type-1 and type-2 HARQ-ACK codebook construction, one HARQ-ACK bit is generated for SPS PDSCH release with a joint release DCI

Agreements:
If the UE is configured with more than one SPS PDSCH configurations, and for type-1 HARQ-ACK codebook construction, 
· For cases where HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release, or
· For cases where HARQ-ACK feedback for SPS PDSCH release is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, or
· For cases where only HARQ-ACK feedback for SPS PDSCH release shall be reported, 
· HARQ-ACK bit location for SPS PDSCH reception is derived by reusing Rel-15 mechanism (i.e., based on the TDRA table row index and K1 indicated in the activation DCI)   
· HARQ-ACK bit location for SPS PDSCH release with a separate release DCI is derived by reusing Rel-15 mechanism (i.e., based on the TDRA table row index indicated in the activation DCI and K1 indicated in the release DCI)  
· [bookmark: _Hlk32487403]HARQ-ACK bit location for SPS PDSCH release with a joint release DCI is derived based on the TDRA table row index indicated in the activation DCI for SPS PDSCH with the lowest SPS configuration index among the jointly released configurations and K1 indicated in the release DCI
Note: There is no change on the number of HARQ-ACK bits for a PUCCH transmission regardless whether a joint release DCI is present or not.

In Rel-16, when the SPS configurations are released by a joint release DCI, 
· Multiple SPS configurations to be released by the joint release DCI should have the same priority

Agreement
For a rel-16 UE provided by SPS-PUCCH-AN-List a set of PUCCH resources, in case of collision between HARQ-ACK for SPS PDSCH without a corresponding PDCCH and SR for the same priority, reuse Rel-15 rule for collision between HARQ-ACK for dynamic scheduled PDSCH and SR in order to determine the PUCCH resource 

Agreement
For a given SPS configuration activated by DCI format 1_2, the MCS table is determined by reusing Rel-15 mechanism for a SPS configuration activated by DCI format 1_1. 
· No new RRC parameter for mcs-Table is introduced for DCI format 1_2

Working assumption:
In case of collision only between more than one SPS PDSCHs each without a corresponding PDCCH, a UE is not required to decode SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs.
· The UE shall report HARQ-ACK feedback only for the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs
Agreement
If the UE is configured with more than one SPS PDSCH configurations, for cases where only HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH shall be reported (i.e. no HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release
· HARQ-ACK bit order for SPS PDSCH reception without a corresponding PDCCH is determined 
· In ascending order of DL slot per {SPS configuration index, serving cell index}, and then in ascending order of SPS configuration index per {serving cell index}, and then in ascending order of serving cell index
Agreement
If the UE is configured with more than one SPS PDSCH configurations, and for type-2 HARQ-ACK codebook construction, 
· HARQ-ACK bit order for SPS PDSCH release with a separate/joint release DCI is derived by reusing rel-15 mechanism (i.e., based on DAI and K1 indicated in the release DCI)  
· HARQ-ACK bit order for SPS PDSCH with associated PDCCH is derived by reusing rel-15 mechanism (i.e., based on DAI and K1 indicated in the activation DCI)
· For cases where HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release, 
· HARQ-ACK for one or more SPS PDSCH receptions without a corresponding PDCCH is appended after HARQ-ACK bits for dynamic scheduled PDSCHs and/or for SPS PDSCH release 
· In ascending order of DL slot per {SPS configuration index, serving cell index}, and then in ascending order of SPS configuration index per {serving cell index}, and then in ascending order of serving cell index

In this contribution, we provide our views on remaining issues on HARQ-ACK feedback for SPS PDSCH.
2 Discussion
HARQ-ACK codebook size ambiguity
It was agreed to support jointly releasing multiple SPS PDSCH configurations by using one joint release DCI. The joint release DCI indicates a state which is mapped to a number of SPS PDSCH configurations. The SPS PDSCH configurations mapped to each state are determined by RRC configuration.
Due to introduction of the above feature, it is possible that a SPS PDSCH configuration having a corresponding PUCCH configured in slot (or sub-slot) #n is jointly released by a joint release DCI which has corresponding HARQ-ACK feedback in an adjacent slot, e.g., slot (or sub-slot) #n-1.
An example is shown in Figure 1. It is assumed that SPS PDSCH configuration 0 is configured with K1 equals to 1, SPS PDSCH configuration 1 is configured with K1 equals to 2, and SPS PDSCH configuration 2 is configured with K1 equals to 1.
Now, if a joint release DCI is transmitted in slot #n-2 which jointly release SPS PDSCH configuration 0 and SPS PDSCH configuration 1, then the HARQ-ACK bit for the joint release DCI is transmitted in slot #n-1. Since it was agreed that one HARQ-ACK bit is generated for SPS PDSCH release with a joint release DCI and the HARQ-ACK bit location for SPS PDSCH release with a joint release DCI is derived based on the TDRA table row index indicated in the activation DCI for SPS PDSCH with the lowest SPS configuration index among the jointly released configurations.
However, there is a HARQ-ACK bit corresponding to a SPS PDSCH of SPS PDSCH configuration 1 in slot #n-2. It is not clear whether UE should transmit the HARQ-ACK bit or consider the SPS PDSCH in slot #n-2 as not transmitted. This affects the HARQ-ACK codebook size for the PUCCH configured in slot #n.
[image: ]
Figure 1. Multiple SPS PDSCH configurations
Therefore, a rule should be defined for UE to determine whether to transmit HARQ-ACK for a SPS PDSCH of a SPS PDSCH configuration jointly release by a joint release DCI and the SPS PDSCH configuration does not have the lowest SPS PDSCH configuration index among the jointly released SPS PDSCH configurations.
Observation 1: There is HARQ-ACK codebook size ambiguity when the PUCCH configured for HARQ-ACK corresponding to a SPS PDSCH of a SPS PDSCH configuration jointly released by a joint release DCI is located in a different slot (or sub-slot) than the PUCCH for HARQ-ACK corresponding to the joint release DCI.
[bookmark: _Hlk861261]There are two alternatives to resolve the issue.
Alternative 1
[bookmark: _Hlk29562017]Define a timeline for UE to determine whether HARQ-ACK for a SPS PDSCH should be transmitted in a configured PUCCH. In other words, if a SPS PDSCH starts later than a time duration after the end of SPS PDSCH release DCI indicating release of the corresponding SPS configuration, then the HARQ-ACK for the SPS PDSCH is not transmitted.
For the value of the time duration, it can be defined as the requirement of processing time for HARQ-ACK transmission for SPS PDSCH release, i.e., the value of the time duration is equal to the time duration of N symbols as specified in 10.2 in TS 38.213. More specifically, UE does not provide HARQ-ACK information for a SPS PDSCH if the starting symbol of the SPS PDSCH starts after N symbols from the last symbol of a PDCCH providing SPS PDSCH release indicating release of the SPS configuration of the SPS PDSCH.

Alternative 2
Scheduling restrictions are defined to avoid the ambiguity. Specifically, it should be restricted that a SPS PDSCH release DCI that jointly release multiple SPS configurations can only indicate release of the SPS configurations that has HARQ-ACK for SPS PDSCH to be transmitted in the same slot or same sub-slot as the PUCCH for HARQ-ACK transmission for the SPS PDSCH release DCI. In other words, UE is not expected to be scheduled with a SPS PDSCH release DCI indicating release of multiple SPS configurations with SPS PDSCH that does not have corresponding HARQ-ACK bit to be transmitted in the same slot or same sub-slot as the HARQ-ACK bit for the SPS PDSCH release DCI.
In our view, Alternative 1 is preferred, since it does not restrict PUCCH configuration and the benefit of saving PDCCH overhead using jointly release DCI can be preserved.
Proposal 1: If a SPS PDSCH starts N symbols after the end of a SPS PDSCH release DCI indicating release of the corresponding SPS configuration, then the HARQ-ACK for the SPS PDSCH is not transmitted.

HARQ-ACK bit collision
It was agreed as working assumption that a UE shall report HARQ-ACK feedback only for the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs in case of collision only between more than one SPS PDSCHs each without a corresponding PDCCH and the UE is not required to decode SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs. The working assumption can resolve the case of HARQ-ACK bit collision between two SPS PDSCHs having the same HARQ-ACK bit location in a Type 1 HARQ-ACK codebook.
For the case where the HARQ-ACK bit location are the same for a SPS PDSCH of a first SPS PDSCH configuration and the HARQ-ACK bit location for a SPS PDSCH release DCI indicating release of a second SPS PDSCH configuration, a rule should also be defined to resolve the issue of HARQ-ACK bit collision.
There are two alternatives to resolve the issue.
Alternative 1
The HARQ-ACK bit for the SPS PDSCH or SPS PDSCH release DCI corresponding to the SPS PDSCH configuration with the lowest SPS configuration index is transmitted.
Alternative 2
The HARQ-ACK bit for the SPS PDSCH release DCI is transmitted.

For the two alternatives, we prefer Alternative 2. Since Alternative 1 may have the drawback that in case HARQ-ACK bit collision for a SPS PDSCH and a SPS PDSCH release DCI cannot be avoided by scheduling, the SPS PDSCH configuration cannot be released.
Proposal 2: For the case where the HARQ-ACK bit location are the same for a SPS PDSCH of a first SPS PDSCH configuration and for a SPS PDSCH release DCI indicating release of a second SPS PDSCH configuration, the HARQ-ACK bit for the SPS PDSCH release DCI is transmitted.

3 Conclusions
In this contribution, we discussed the issues regarding HARQ-ACK feedback for SPS PDSCH. Based on the discussion in section 2, we have observations and proposals as follows, and corresponding TPs are provided in Appendix.
[bookmark: _Toc4685928]Observation 1	There is HARQ-ACK codebook size ambiguity when the PUCCH configured for HARQ-ACK corresponding to a SPS PDSCH of a SPS PDSCH configuration jointly released by a joint release DCI is located in a different slot (or sub-slot) than the PUCCH for HARQ-ACK corresponding to the joint release DCI.
Proposal 1	If a SPS PDSCH starts N symbols after the end of a SPS PDSCH release DCI indicating release of the corresponding SPS configuration, then the HARQ-ACK for the SPS PDSCH is not transmitted. 
[bookmark: _Toc4685930][bookmark: _Hlk32550844]Proposal 2	For the case where the HARQ-ACK bit location are the same for a SPS PDSCH of a first SPS PDSCH configuration and for a SPS PDSCH release DCI indicating release of a second SPS PDSCH configuration, the HARQ-ACK bit for the SPS PDSCH release DCI is transmitted.
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5  Appendix
-------------------------------------------- Begin of Text Proposal in TS38.213--------------------------------------------
9.2.3 UE procedure for reporting HARQ-ACK
…
For a SPS PDSCH reception ending in slot n, the UE transmits the PUCCH in slot n+k where k is provided by the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception.
For a SPS PDSCH reception, the UE does not provide the corresponding HARQ-ACK information in a PUCCH transmission, if the SPS PDSCH has starting symbol not before a symbol that is N symbols from the last symbol of a PDCCH providing the SPS PDSCH release indicating release of the corresponding SPS configuration. For UE processing capability 1 and for the SCS of the PDCCH reception, N=10 for 15 kHz, N=12 for 30 kHz, N=22 for 60 kHz, and N=25 for 120 kHz. For a UE with capability 2 in FR1 and for the SCS of the PDCCH reception, N=5 for 15 kHz, N=5.5 for 30 kHz, and N=11 for 60 kHz.
…

9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel
…


For the set of slot timing values , the UE determines a set of  occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases. If the location in the Type-1 HARQ-ACK codebook are the same for HARQ-ACK information corresponding to a SPS PDSCH of a first SPS PDSCH configuration and for HARQ-ACK information corresponding to a SPS PDSCH release indicating release of a second SPS PDSCH configuration, the UE provides HARQ-ACK information corresponding to the SPS PDSCH release.

…
--------------------------------------------- End of Text Proposal in TS38.213---------------------------------------------
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