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Introduction
This contribution provides some considerations on remaining issues of DL SPS enhancements for IIoT.
Discussion
Remain issue for SPS PDSCH collision
One remain issue for SPS PDSCH collision is whether to update the following part which we agreed in RAN1 100e [2]. We are fine with Option 1. Because the procedure of SPS PDSCH collision handling can lead to same conclusion as the following paragraph. 
Option 1: Adopt the following text proposal for section 5.1 in TS 38.214: 
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, the UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex on the serving cell.
<Unchanged text is omitted>


 Option 2: Adopt the following text proposal for section 5.1 in TS 38.214:
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, the UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex on the serving cell.
<Unchanged text is omitted>


 Option 3: Keep the paragraph (no spec change)
Proposal 1. Adopt Option 1, delete the text in TS 38.214 section 5.1 in case of UE supporting 1 unicast PDSCH per slot.
Furthermore, one thing needs to further clarify is during SPS PDSCH collision handling, whether some SPS PDSCH configurations that do not satisfy UL symbols either configured by RRC or SFI or DCI should be excluded from Q set. This is also the difference of Option 2/3.
The similar issue was discussed for UL like cancelation and multiplexing order for Rel-15 PUCCH/PUSCH, UL CI and UL multiplexing order for UL URLLC. The conclusion for these two issues is listed below. 
Conclusion
No further discussion on the issue of processing order of UL multiplexing/dropping and cancellation including due to TDD configuration/SFI as in R1-2002060 for Rel-15.
· It is up to UE implementation how to handle this.
· For further discussion on whether to fix this in Rel-16.
Above applies only to the cases described in R1-2002060.
Agreements:
  UE behavior of handling intra-UE prioritization/multiplexing for overlapping UL transmissions is not affected by UL CI. 

Clearly, we have different understanding of processing order of UL multiplexing/dropping and cancellation for Rel-15 PUCCH/PUSCH. Now we are facing the similar issue for DL SPS PDSCH. 
Two alternatives can be considered for this problem.
Alt 1: DL SPS PDSCH overlapping handling first, and then TDD configuration/SFI/DCI second.
Alt 2: TDD configuration/SFI/DCI first, DL SPS PDSCH overlapping handling second.
Alt2 needs to justify every SPS PDSCH configuration and decide whether it can be in Q set, and alt 1 only apply TDD configuration/SFI/DCI to the final outputs of SPS PDSCH overlapping procedure once. From this sight, Alt 1 is easier than Alt 2. However, Alt 1 may lead to the final output of SPS PDSCH collision procedure cannot be received since they are cancelled by UL symbol configured by RRC or SFI or DCI, but Alt 2 can avoid this case. 
From the HARQ-ACK feedback side of view, the agreements made in RAN1 100b-e show that only SPS PDSCH is cancelled by DCI/dynamic SFI has NACK feedback, but a SPS PDSCH cancel by RRC DL-UL configuration is not generated its NACK. Of course the intention of this agreement is to ensure the size of HARQ-ACK codebook so that gNB and UE will have the same understanding of the size of HARQ-ACK codebook, and SPS PDSCH cancelled by RRC DL-UL configuration does not have this problem. It shows that for HARQ-ACK feedback, our procedure may be Alt 1 since the NACK for cancelled SPS PDSCH is generated.
 Agreements:
Update previous agreements by:
HARQ-ACK feedback for a SPS PDSCH is included in the HARQ-ACK codebook when the SPS PDSCH is cancelled by DCI/dynamic SFI in which case NACK is generated for the SPS PDSCH.
· For type-1 codebook, the main bullet is not applied if only a single HARQ-ACK bit, for an SPS PDSCH, is mapped on a PUCCH; otherwise, the main bullet is applied.
· For type-2 codebook, the main bullet is applied.

We are fine for either alternative but of course only one solution should be adopted. And if Alt 2 is selected, some clarifications may be needed for HARQ-ACK feedback.
Proposal 2. Choose one method for the processing order of DL SPS PDSCH overlapping handling and cancellation including due to TDD configuration/SFI/DCI
· Alt 1: DL SPS PDSCH overlapping handling first, and then TDD configuration/SFI/DCI.
· Alt 2: TDD configuration/SFI/DCI first, and then DL SPS PDSCH overlapping handling.

SPS PDSCH release for UEs with single PDSCH decoding per slot capability
For a UE not indicating a capability to receive more than one unicast PDSCH per slot, SPS PDSCH release transmission could be problematic. The following proposal [3] for the issue was discussed during the last meeting.
Proposal 2-1: for a UE not indicating a capability to receive more than one unicast PDSCH per slot, 
· Option 1: Support PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs.
· Option 2: If a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, at least for same-carrier scheduling case,
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot is received in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· FFS cross-carrier scheduling case

For same carrier scheduling case, we prefer Option 2. As many companies mentioned, although option 1 seems to be easier but require additional UE implementation for SPS PDSCH release and unicast PDSCH, which is quite different from Rel-15 and more complexity for UE simultaneously decode unicast PDSCH and additional SPS PDCCH to generate HARQ-ACK report. 
In the contrast, Option 2 gives two limits for SPS PDSCH release, like it should be earlier than the last symbol of the lowest index of SPS PDSCH, and always including the release for lowest index of SPS PDSCH. These two limitations are reasonable. Since if SPS PDSCH ends earlier than SPS release is allowed, the UE may start to decode SPS PDSCH. It is too late for stop decoding SPS PDSCH and then generate SPS release HARQ-ACK. So Option 2 can be used for this scenario.
Proposal 3. for a UE not indicating a capability to receive more than one unicast PDSCH per slot, 
· Option 2: If a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, at least for same-carrier scheduling case,
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot is received in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· FFS cross-carrier scheduling case

In RAN1 100b-e, the conclusion for SPS PDSCH release was achieved in MRDC/CA session as following. It defined the HARQ-ACK timing for SPS PDSCH release which is based on the last slot of SPS PDSCH overlapping with SPS release, and HARQ-ACK bit location is determined by SPS PDSCH SLIV. Generally speaking, it kind of reuse the Rel-15 rules as much as possible.
Conclusion:
· Type-1 HARQ-ACK Codebook for cross-carrier SPS release association: The codebook is associated with the last slot (on SPS PDSCH carrier) overlapping with the PDCCH providing SPS release.
· The bit location of the SPS release in type-1 codebook is determined by the SLIV of the SPS PDSCH.
· FFS whether spec update is needed or not.
For cross carrier scheduling case, the similar limits in Option 2 should be applied to scheduled cell. As shown in the following Figure 1, #CC0 is scheduling cell and #CC1 is the SPS PDSCH scheduled cell. When a UE receives a SPS release in #CC0 in slot n, the last slot overlapping with the PDCCH providing SPS release is slot 2n in #CC1. The UE generates HARQ-ACK feedback for SPS PDSCH in slot n+2. Considering HARQ-ACK bit location is determined by SPS PDSCH SLIV, UE should not expect more than 1 bit HARQ-ACK feedback for DL #CC1. 


Figure 1: an example of cross-carrier scheduling case
Thus, for cross carrier scheduling, we have the following proposal:
Proposal 4. If a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, for cross-carrier scheduling case,
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot for scheduled cell ends in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
SPS PDSCH release and SPS PDSCH receptions
For the case of SPS release DCI and SPS PDSCH for the same configuration are received in the same slot, especially shorter periodicity is used for SPS PDSCH like 1 slot periodicity,  there are some UE behaviours need to define including HARQ-ACK feedback issues under discussion during RAN1 100b-e. The following 4 cases were given in [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

As shown in Figure 2, SPS release DCI is received before the end of the SPS PDSCH for the same SPS configuration. After the transmission of SPS release DCI, gNB would not like to transmit the same SPS PDSCHs. 


Figure 2: An example for case 1-1 and case 1-2
Thus, for Type 1 HARQ-ACK codebook, we agree with the above proposal for case 1. For type 2 HARQ-ACK codebook, separate HARQ-ACK bits but NACK for the SPS PDSCH for Type-2 HARQ-ACK codebook even if they are using the same PUCCH. So case 1 should be allowed and UE behaviour in the update proposal is:
Proposal 5. 
· 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 for both Type-1 and Type-2 HARQ-ACK codebook
· 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 for Type-1 HARQ-ACK codebook; separate HARQ-ACK bits but NACK for the SPS PDSCH for Type-2 HARQ-ACK codebook

Shown in Figure 3 is an example of SPS release DCI is received after the end of the SPS PDSCH for the same SPS configuration. In this case, a UE will receive and decode SPS PDSCH#0 in the normal procedure. During this time, if a SPS release DCI is received, the UE still cannot stop SPS PDSCH decoding.  So the UE would receive SPS PDSCH whether SPS release is received. However, since SPS release for the same SPS PDSCH is receive, if their HARQ-ACKs are indicated to report in the same PUCCH, UE would decide whether continue decode this SPS PDSCH. It should be up to UE implementation and not valid HARQ-ACK should be expected by gNB. On the other side, if their HARQ-ACKs are indicated to report in the separate PUCCH, SPS PDSCH would like to be decoded and reported valid HARQ-ACK. 


Figure 3: An example for case 2-1 and case 2-2
So from our point of view, case 2 can be allowed. And our proposal for case 2 is updated below.
Proposal 6. 
· 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: HARQ-ACK for SPS PDSCH is reported if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs 
· Expected consequence: Separate HARQ-ACK bits for both Type-1 and Type-2 HARQ-ACK codebook
· Case 2-2: A UE is not required to receive report the valid HARQ-ACK for 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 for Type-1 HARQ-ACK codebook; separate HARQ-ACK bits but not valid HARQ-ACK for the SPS PDSCH for Type-2 HARQ-ACK codebook

HARQ-ACK codebook for SPS PDSCH with PDSCH aggregation 
In Rel-15, HARQ-ACK bit generation for a SPS PDSCH with pdsch-AggregationFactor is within all pdsch-AggregationFactor occasions and always presents in the last repetition. When multiple SPS PDSCH are supported and if different pdsch-AggregationFactor are configured, there are some problems when generating HARQ-ACK. For the questions from [4], we give our thoughts and proposals.
Q1: For SPS PDSCH with aggregation factor, A/N bit generation is per slot per occasion or within all pdsch-AggregationFactor occasions?
· Answer: As same as Rel-15, A/N bit generation should be within all pdsch-AggregationFactor occasions. Since a UE can generate HARQ-ACK after all pdsch-AggregationFactor, which is able to decrease undesired HARQ-ACK and UE complexity.
Q2: How to assume pdsch-AggregationFactor when constructing HARQ-ACK codebook 
· Answer: Use the maximum value among the values of pdsch-AggregationFactor from PDSCH-config and SPS-config which SPS PDSCH reception with HARQ-ACK information multiplexed on the PUCCH.
Q3: HARQ-ACK codebook construction depending on the reception of the last SPS PDSCH (e.g., when only the last SPS PDSCH is cancelled but others are received)
· Answer: when at least one SPS PDSCH is received, the HARQ-ACK can be in the HARQ-ACK codebook

Proposal 7. For SPS PDSCH with aggregation factor, A/N bit generation is within all pdsch-AggregationFactor occasions.
Proposal 8. When constructing HARQ-ACK codebook, pdsch-AggregationFactor is the maximum value among the values of pdsch-AggregationFactor from PDSCH-config and SPS-config which SPS PDSCH reception with HARQ-ACK information multiplexed on the PUCCH
Proposal 9. When at least one SPS PDSCH is received, the HARQ-ACK can be in the HARQ-ACK codebook.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Adopt Option 1, delete the text in TS 38.214 section 5.1 in case of UE supporting 1 unicast PDSCH per slot.
Proposal 2. Choose one method for the processing order of DL SPS PDSCH overlapping handling and cancellation including due to TDD configuration/SFI/DCI
· Alt 1: DL SPS PDSCH overlapping handling first, and then TDD configuration/SFI/DCI.
· [bookmark: _GoBack]Alt 2: TDD configuration/SFI/DCI first, and then DL SPS PDSCH overlapping handling.
Proposal 3. for a UE not indicating a capability to receive more than one unicast PDSCH per slot, 
· Option 2: If a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, at least for same-carrier scheduling case,
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot is received in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· FFS cross-carrier scheduling case
Proposal 4. If a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, for cross-carrier scheduling case,
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot for scheduled cell ends in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
Proposal 5. 
· 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 for both Type-1 and Type-2 HARQ-ACK codebook
· 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 for Type-1 HARQ-ACK codebook; separate HARQ-ACK bits but NACK for the SPS PDSCH for Type-2 HARQ-ACK codebook
Proposal 6. 
· 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: HARQ-ACK for SPS PDSCH is reported if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs 
· Expected consequence: Separate HARQ-ACK bits for both Type-1 and Type-2 HARQ-ACK codebook
· Case 2-2: A UE is not required to receive report the valid HARQ-ACK for 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 for Type-1 HARQ-ACK codebook; separate HARQ-ACK bits but not valid HARQ-ACK for the SPS PDSCH for Type-2 HARQ-ACK codebook
Proposal 7. For SPS PDSCH with aggregation factor, A/N bit generation is within all pdsch-AggregationFactor occasions.
Proposal 8. When constructing HARQ-ACK codebook, pdsch-AggregationFactor is the maximum value among the values of pdsch-AggregationFactor from PDSCH-config and SPS-config which SPS PDSCH reception with HARQ-ACK information multiplexed on the PUCCH
Proposal 9. When at least one SPS PDSCH is received, the HARQ-ACK can be in the HARQ-ACK codebook.
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