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In NR 16 URLLC, there are agreements which are about HARQ-ACK feedback of multiple SPS PDSCH receptions[1][2]. 
Agreement:
For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH formats 2/3/4 are applicable in addition to PUCCH formats 0/1. 
Agreement:
For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, the PUCCH resource to be used is determined by reusing rel-15 mechanism. 
Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH resource i is selected if HARQ-ACK payload size (not including CRC) is in the range of {Ni,min, …, Ni,max} bits, where the number of PUCCH resources in the selection is from 0 up to 3. 
· N0,min=1, N0,max=2
· For i≠0
· Ni,max is configured by RRC; if not configured, Ni,max is 1706.
· Ni,min is equal to Ni-1,max+1 
Note: The above mechanism is equivalent to rel-15 procedure when a single PUCCH resource is configured per PUCCH resource set.
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)  
· 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.
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

However, these agreements about HARQ-ACK feedback of multiple SPS PDSCH receptions only consider single TRP case but not multiple TRPs case. In R16, two schemes in multiple TRPs which are single DCI based multiple TRPs and multiple DCIs based multiple TRPs are supported. The HARQ-ACK feedback of single DCI based multiple TRPs are same to HARQ-ACK feedback of single TRP, therefore, HARQ-ACK feedback of multiple SPS PDSCH receptions in single DCI based multiple TRPs can just reuse the scheme specified in R16 URLLC. However, there are two modes of HARQ-ACK feedback in multi-DCI based multiple TRPs which are different from the HARQ-ACK feedback of single TRP. The two modes are separate feedback and joint feedback whose detail schemes are drafted in TS 38.213. And the relevant agreements in R16 NR MIMO are shown in the following[3].

Agreement:
· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  
· Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used
· When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.

Agreement:
· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET

Although HARQ-ACK feedback in multi-DCI based multiple TRPs is specified in R16 NR MIMO and drafted in TS 38.213 and HARQ-ACK feedback of multiple SPS PDSCH receptions is specified and drafted in TS 38.213, how to transmit HARQ-ACK feedback of multiple SPS PDSCH receptions in multi-DCI based multiple TRPs is not discussed in R16 and is not clear in TS 38.213. Therefore, it should be discussed and make it clear how to transmit HARQ-ACK feedback of multiple SPS PDSCH receptions in multi-DCI based multiple TRPs. In the following section of this contribution, we discuss the HARQ-ACK feedback of SPS PDSCH reception in multi-DCI based multiple TRPs to see whether HARQ-ACK feedback of SPS PDSCH reception should need to be enhanced.
Discussion
Similar to that each HARQ-ACK feedback of dynamic PDSCH or SPS PDSCH release is associated with a value of CORESETPoolIndex value in multi-DCI based multiple TRPs, each HARQ-ACK feedback of an SPS PDSCH reception is associated with one value of CORESETPoolIndex where the activated PDCCH of the SPS PDSCH is associated in the case when any of two TRPs can activate at least one SPS PDSCH. Since there are two HARQ-ACK feedback modes for HARQ-ACK feedback of dynamic PDSCH or SPS PDSCH release in multi-DCI based multiple TRPs, we will discuss the issue in two HARQ-ACK feedback modes separately in the following.
Joint HARQ-ACK feedback mode
In this mode, HARQ-ACK feedback of dynamic PDSCH or SPS PDSCH release corresponding to different TRPs which are identified by different CORESETPoolIndex values will be joint feedback in a same HARQ-ACK codebook. The location of HARQ-ACK bits corresponding to different TRPs is specified in R16 and is drafted in TS 38.213. If there is HARQ-ACK feedback of SPS PDSCH and HARQ-ACK feedback of any of dynamic PDSCH and SPS PDSCH release in a same slot or sub-slot, only one HARQ-ACK codebook is generated and the location of HARQ-ACK feedback of SPS PDSCH associated with one CORESETPoolIndex value in the HARQ-ACK codebook can reuse the scheme in R16. And the whole HARQ-ACK codebook construction including HARQ-ACK feedback of SPS PDSCH associated with different CORESETPoolIndex values is same to the joint HARQ-ACK feedback mode specifed in multi-DCI based multiple TRP specified in R16. And the PUCCH resource carrying the HARQ-ACK codebook is determined by the last DCI of the corresponding dynamic PDSCH and/or SPS PDSCH release and the payload size of the HARQ-ACK codebook. If there is only HARQ-ACK feedback of SPS PDSCH in a slot or sub-slot, the HARQ-ACK codebook is constructed by only HARQ-ACK bits of SPS PDSCH receptions which is same to R16 URLLC and HARQ-ACK bit order of SPS PDSCH reception 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. And the PUCCH resource carrying the HARQ-ACK codebook is selected from a PUCCH resource list configured for HARQ-ACK feedback for SPS PDSCH according to the payload size which is same to R16 URLLC. According to the analysis above, it can reuse the scheme in R15/R16 for HARQ-ACK feedback of SPS PDSCH in multi-DCI based multiple TRPs when joint HARQ-ACK feedback mode is configured for  dynamic PDSCH and/or SPS PDSCH release and there is no need to enhance the HARQ-ACK feedback of SPS PDSCH in multi-DCI based multiple TRPs when joint HARQ-ACK feedback mode configured for dynamic PDSCH or SPS PDSCH release. Therefore, we can obtain the following observation: 

Observation 1: There is no need to enhance the HARQ-ACK feedback of SPS PDSCH in multi-DCI based multiple TRPs when joint HARQ-ACK feedback mode configured for dynamic PDSCH or SPS PDSCH release.

Separate HARQ-ACK feedback mode
On the one side, HARQ-ACK feedback corresponding to SPS PDSCH associated with different CORESETPoolIndex values can follow the separate feedback mode of HARQ-ACK of dynamic PDSCH or SPS PDSCH release which is very straightforward. If there is HARQ-ACK feedback for dynamic PDSCH or SPS PDSCH release associated with one CORESETPoolIndex value and HARQ-ACK feedback for SPS PDSCH associated with the same CORESETPoolIndex value in a same slot or sub-slot, a HARQ-ACK codebook associated with the CORESETPoolIndex value can be constructed by reusing the scheme specified in R15/R16. Accordingly, the PUCCH resource carrying the HARQ-ACK codebook is determined by the last DCI corresponding to the dynamic PDSCH and/or SPS PDSCH release associated with the CORESETPoolIndex value and the payload size of the HARQ-ACK codebook. It can be seen that it can work by reusing the R15/R16 scheme in this case.  However, the PUCCH resource for HARQ-ACK feedback only for SPS PDSCH reception is just according to the payload size of HARQ-ACK feedback only for SPS PDSCH which is selected from a PUCCH resource list configured for HARQ-ACK feedback of SPS PDSCH according to R16 URLLC. It can’t make sure that the selected PUCCH resource for HARQ-ACK feedback of SPS PDSCH associated with a value of CORESETPoolIndex is associated with the same value of CORESETPoolIndex according to R16 scheme. Therefore, HARQ-ACK feedback of SPS PDSCH should be enhanced when HARQ-ACK feedback bits of SPS PDSCH reception are separately feedback.
On the other side, the requirement of timeliness of HARQ-ACK feedback of SPS PDSCH is much lower than dynamic PDSCH since the periodicity of SPS PDSCH can be configured as 10ms, 20ms, 32ms, 64ms, 80ms, 128ms, 160ms or 320ms which is large, while the requirement of timeliness of HARQ-ACK feedback of dynamic PDSCH is much higher which makes HARQ-ACK feedback of different TRPs should be separately feedback when backhaul latency of multiple TRPs is large. Therefore, it’s possible that all HARQ-ACK feedback of SPS PDSCH associated with both TRPs can be transmitted to one TRP, and HARQ-ACK associated with the other TRP can be delivered to the other TRP by the backhaul between two TRPs. When there is HARQ-ACK feedback for only SPS PDSCH in one slot or sub-slot, a HARQ-ACK codebook including HARQ-ACK feedback bits of SPS PDSCH associated with both CORESETPoolIndex values can be constructed according the scheme specified in R16 and a PUCCH resource is selected according to the payload size of the HARQ-ACK codebook size from a PUCCH resource list according the scheme specified in R16. When there is HARQ-ACK feedback for SPS PDSCH and HARQ-ACK feedback for dynamic PDSCH or SPS PDSCH release in a slot or sub-slot, HARQ-ACK feedback for SPS PDSCH associated with both CORESETPoolIndex values should be multiplexed with HARQ-ACK feedback for dynamic PDSCH or SPS PDSCH release associated with one of two CORESETPoolIndex values. However, it should be determined that HARQ-ACK feedback for SPS PDSCH associated with both CORESETPoolIndex values is multiplexed with HARQ-ACK feedback for dynamic PDSCH or SPS PDSCH release associated with which CORESETPoolIndex value. Therefore, HARQ-ACK feedback of SPS PDSCH reception should be enhanced when HARQ-ACK feedback bits of SPS PDSCH reception are jointly feedback.
According to the analysis above, we propose that:
Proposal 1: Whether HARQ-ACK feedback of SPS PDSCH reception is separate feedback or joint feedback should be studied when HARQ-ACK separate feedback mode is configured in multi-DCI based multiple TRPs.
Proposal 2: The scheme of HARQ-ACK feedback of SPS PDSCH reception should be studied and enhanced when separate HARQ-ACK feedback mode is configured in multi-DCI based multiple TRPs.

Conclusion
We have discussed HARQ-ACK feedback of SPS PDSCH reception in multi-DCI based multiple TRPs in this contribution. And our observation and proposals are summarized below:
Observation 1: There is no need to enhance the HARQ-ACK feedback of SPS PDSCH in multi-DCI based multiple TRPs when joint HARQ-ACK feedback mode configured for dynamic PDSCH or SPS PDSCH release.
Proposal 1: Whether HARQ-ACK feedback of SPS PDSCH reception is separate feedback or joint feedback should be studied when separate HARQ-ACK  feedback mode is configured in multi-DCI based multiple TRPs.
Proposal 2: The scheme of HARQ-ACK feedback of SPS PDSCH reception should be studied and enhanced when separate HARQ-ACK feedback mode is configured in multi-DCI based multiple TRPs.
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