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Introduction
In this contribution, we discuss the remaining issues from the last meeting which are related to SPS enhancements, mainly including:
· Counting HARQ-ACKs for SPS PDSCH cancelled by dynamic SFI/DCI
· Potential ambiguity between SPS PDSCH release and codebook for SPS PDSCH receptions
Counting HARQ-ACKs for SPS PDSCH cancelled by dynamic SFI/DCI
In last RAN1 101e-meeting, there is a remaining issue on how to count SPS PDSCH for PUCCH power control [1]. 
In principle, PUCCH power control takes into account the number of information bit. However, if the meaningful information bit [image: ] for HARQ-ACK is zero, and if there is no other meaningful information bit, PUCCH power control offset become minus infinity.
	Agreements:
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.



When all these SPS PDSCHs are cancelled by dynamic SFI/DCI, according to the above agreements, the HARQ-ACK codebook consists of all NACKs.  It is not clear in the specification that the SPS PDSCHs cancelled by dynamic SFI/DCI can be counted as SPS PDSCH reception or not. In our view, these SPS PDSCHs can NOT be counted as SPS PDSCH receptions since the UE does not receive any SPS PDSCH in this case. That is the number of SPS PDSCH receptions is 0, and all the other variables are 0 in this case, therefore [image: ]should be 0. 
	TS 38.213
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…
If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the [image: ] serving cells, or for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS PDSCH reception, or for SPS PDSCH release, and if [image: ], the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as 
	
... 
-	[image: ] is the number of SPS PDSCH receptions by the UE on serving cell [image: ] for which the UE transmits corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to PDSCH receptions within the [image: ] PDCCH monitoring occasions
.…

7.2.1 UE behavior
-	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: ], where 




If  [image: ]is 0, the HARQ-ACK codebook contains all NACKs which is also known by gNB. In such case, if [image: ]=0 and [image: ]=0, [image: ] will be minus infinity. This result is not permitted by the power control principal. 
In [2], not transmitting the PUCCH is proposed to solve the undesirable power control result. But this solution can’t thoroughly solve the issue for both Rel-15 and Rel-16.
 From the below conclusion of the previous meeting, for type-2 codebook, Rel-15 behaviour is to include a HARQ-ACK bit for SPS PDSCH if the SPS PDSCH is cancelled by dynamic SFI/DCI. It means the PUCCH should be transmitted. It conflicts with the proposal in [2]. If the proposal that PUCCH is not transmitted is adopted, the Rel-15 specification related to type-2 codebook generation should be changed accordingly. Considering the status of Rel-15 CR stage, it is not a good idea to change the Rel-15 specification now. 
	Conclusion:
· For type-1 codebook, Rel-15 behavior is not to include a HARQ-ACK bit for the SPS PDSCH if the SPS PDSCH is cancelled by dynamic SFI/DCI if only one HARQ-ACK bit for the SPS PDSCH is to be transmitted on a PUCCH.
· For type-2 codebook, Rel-15 behavior is to include a HARQ-ACK bit for SPS PDSCH if the SPS PDSCH is cancelled by dynamic SFI/DCI.



In above case, gNB and UE has a consistent understanding about the SPS PDSCH cancelled by dynamic SFI/DCI. However, one exceptional case is that, if SPS PDSCH has no MAC PDU to be transmitted, i.e. the SPS PDSCH payload is empty after the SPS PDSCH is activated, UE has no knowledge about the empty SPS PDSCH and will still try to receive the empty SPS PDSCH. Literally the number of SPS PDSCH receptions will be 0 and it will cause the same power control issue.
One solution for the SPS PDSCH cancelled by dynamic SFI/DCI and empty SPS PDSCH reception is that ‘the number of SPS PDSCH receptions’ could be defined as configured to receive, which includes the active SPS PDSCH cancelled by dynamic SFI/DCI or active SPS PDSCH without payload. A possible text proposal could be:
TP# 1 for section 9.1.3.1 in TS 38.213
	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
…
If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the [image: ] serving cells, or for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS PDSCH reception, or for SPS PDSCH release, and if [image: ], the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as 
	
... 
-	[image: ] is the number of SPS PDSCH receptions, which are configured to receive, by the UE on serving cell [image: ] for which the UE transmits corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to PDSCH receptions within the [image: ] PDCCH monitoring occasions
.…


This proposal will still keep counting of power control in the cases of active SPS PDSCH cancelled by dynamic SFI/DCI or active SPS PDSCH without payload and can avoid the undesirable power control result. The cons of this approach is that the power control level may increase a little when there is no real SPS PDSCH receptions. But it will not severely degrade the performance of system.
 
Proposal 1: Endorse TP#1 for section 9.1.3.1 in TS 38.213.

Potential ambiguity between SPS PDSCH release and codebook for SPS PDSCH receptions
From the agreements of 101 e-meeting [3], the principle of handling of SPS release and relative SPS PDSCH in a slot is agreed as below:
	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




3.1 Timeline of Release DCI taking effect 
Besides the FFS issues in the agreements of 101 e-meeting, there was also an interesting remaining issue about the timeline of SPS PDSCH Release taking effect. We believe that the effective time of Release DCI should be discussed first, because it directly determines whether an SPS has been deactivated. Furthermore, in the case of overlapping SPSs, it determines the surviving SPS and the corresponding HARQ-ACK for the SPSs overlapped. Some analysis are as follows.
Case 1, the released SPS PDSCH overlaps with multiple SPS PDSCHs in the time domain, and their HARQ-ACK is on the same PUCCH
In order to construct the HARQ-ACK codebook for these SPS PDSCHs, the overlapping handling between these SPS PDSCHs needs to be resolved first. However, the timeline of release DCI taking effect is required to determine which SPS PDSCHs are deactivated. Because only the active SPS PDSCHs can be allowed to construct the HARQ-ACK codebook. Without a clear understanding on when/whether a SPS PDSCH is released or not, there would be ambiguity on the output of HARQ-ACK codebook construction. 
Furthermore, if the release DCI is missed, the UE will consider all SPS PDSCHs are active. There would be also ambiguity on the mechanism of the codebook construction which includes the HARQ-ACK codebook size or the SPS PDSCHs involved in the HARQ-ACK codebook construction.
Obviously, the timeline of release DCI taking effect needs to be defined in case 1.

Case 2, HARQ-ACK of Release DCI and HARQ-ACK of the corresponding SPS PDSCH are in the same PUCCH
Below we show an example in Figure 1 to elaborate the issue, where 
The SPS release DCI will release the SPS1 PDSCH, and SPS1 PDSCH overlaps with SPS2 PDSCH. 
In such case, the detection of SPS release DCI will affect the handling of SPS PDSCH collision. If the release DCI is successfully received by UE, SPS1 PDSCH will be released and only SPS2 PDSCH reception exists. The codebook of HARQ-ACK construction will include the ACK for release DCI based on the TDRA table (There will be only 1 bit for the feedback here, but it is just one possible understanding, there is another understanding that 2 bits feedback is permitted, this will be discussed in section 3.2). If the release DCI is not received by UE, the SPS1 PDSCH reception will survive and codebook for the two SPS PDSCHs will be constructed based on the pseudo code for SPS only specified in the specification. This may cause the misunderstanding between gNB and UE. However, the PUCCH resources used for the case with or without successfully receiving the release DCI is different. It means, gNB could distinguish whether the release DCI is detected by blind detection on different PUCCH resources. And then gNB could know the HARQ-ACK of the right SPS PDSCH.
Thus, the timeline issue about when the SPS PDSCH is released is not that critical in case 2. But, if such timeline is defined, it is also helpful to avoid gNB blind detection.
[image: ]
Figure 1 Timeline issue of SPS PDSCH Release when mapping to the same PUCCH

Case 3, HARQ-ACK of release DCI, HARQ-ACK of corresponding SPS PDSCH, and HARQ-ACK of at least one DG PDSCH are in the same PUCCH
Below we show an example in Figure 2 to elaborate the issue，where the release DCI will release the SPS1 PDSCH.
In case of type-1 HARQ-ACK codebook generation, since the HARQ-ACK codebook contains both the HARQ-ACK of the DG PDSCH, release DCI and the SPS PDSCH, the type-1 HARQ-ACK codebook will be constructed based on the TDRA table. 
If the release DCI is successfully received by UE, the HARQ-ACK codebook includes the ACK for release DCI, HARQ-ACK for SPS3 and HARQ-ACK for DG PDSCH. If the release DCI is not received by UE, the HARQ-ACK codebook includes the NACK for SPS1, HARQ-ACK for SPS3 and HARQ-ACK for DG PDSCH. But gNB could identify whether release DCI is missed based on the reception of NACK for SPS1.This would not cause any the misunderstanding between gNB and UE.
In case of type-2 codebook generation, UE respectively constructs HARQ-ACK subcodebook1 for release DCI and DG PDSCH according to DAI, and HARQ-ACK subcodebook2 of only SPS PDSCHs. 
Obviously, this subcodebook2 is for SPS PDSCHs only, so it has the similar timeline problem in case 1.
Therefore, we believe that the type-2 HARQ-ACK codebook containing the HARQ-ACK of the SPS PDSCHs also needs to resolve the timeline issue on when release DCI will take effect.

[image: ]
Figure 2 DG PDSCH involves in the HARQ-ACK codebook construction besides the release DCI and SPS PDSCHs

Case 4, A PUCCH containing HARQ-ACK of release DCI and a PUCCH containing HARQ-ACK of corresponding SPS PDSCH are different PUCCHs
Below we show an example in Figure 3 to elaborate the issue, where 
SPS1 PDSCH is deactivated by release DCI, SPS 1 PDSCH and SPS2 PDSCH overlap in the time domain. PUCCH1 contains HARQ-ACK of release DCI, PUCCH2 contains HARQ-ACKs of corresponding SPS1 PDSCH and SPS2 PDSCH. When the HARQ-ACK codebook in PUCCH2 is constructed, it will be affected due to whether the SPS1 PDSCH is deactivated. For example, if the SPS1 PDSCH is deactivated, the HARQ-ACK codebook in the PUCCH2 will correspond to the SPS2 PDSCH, otherwise it will correspond to the SPS1 PDSCH. 
In case4, gNB should always ensure that PUCCH1 is earlier than PUCCH2. In this way, gNB can first obtain whether the release DCI is correctly received by the UE, and then gNB will know the specific structure of the HARQ-ACK codebook in PUCCH2.
Therefore, if a PUCCH contains HARQ-ACK of release DCI and another PUCCH contains HARQ-ACK of corresponding SPS PDSCH. It is expected that the PUCCH containing HARQ-ACK of release DCI is earlier than a PUCCH containing HARQ-ACK of corresponding SPS PDSCH.
[image: ]
Figure 3 Timeline issue of SPS PDSCH release when mapping to the different PUCCHs
Summary:
In all above cases, if different PUCCHs for HARQ-ACK of release DCI and HARQ-ACK of corresponding SPS PDSCH can be ensured, it would be a simple method to introduce the restriction of transmission of different PUCCHs as discussed in Case 4. It can ensure that no ambiguity between the gNB and the UE for the generation of HARQ-ACK codebook, so as to avoid defining the timeline for the release DCI to take effect.
Through the above analysis, there are two possible methods to avoid the ambiguity in understanding the HARQ-ACK codebook between the gNB and the UE. The first method is to define the timeline for release DCI to take effect, and the second method is to configure different PUCCHs and restrict their transmission order. We think the first method requires more workload to specify, and then we slightly prefer the second method.
Actually, the issue will not only occur when the release DCI and SPS PDSCH in a slot, but also can occur in the case of release DCI and SPS PDSCH in different slots. The same proposals could be used for the different slots case. So, the proposal is drawn as follows.
Proposal 2: In order to avoid the ambiguity of HARQ-ACK codebook structure caused by release DCI, it is recommended that RAN1 consider the following methods:
· Alt1:RAN1 defines the timeline of release DCI taking effect.
· Alt2: Adopt that PUCCH for SPS release should be earlier than PUCCH for SPS PDSCH receptions including the SPS PDSCH to be released.

3.2 Ambiguity on number of HARQ-ACK bits for type-1 HARQ-ACK codebook  
For Rel-15, for type-1 HARQ-ACK codebook, there is only the case that one release DCI and its associated one SPS without overlapping with other SPSs. For Rel-15, the UE behaviour is very clear that only one HARQ-ACK bit is permitted for the release DCI & associated SPS. 
[bookmark: _GoBack]But for the case of one release DCI and its associated SPS overlapping with other SPSs in Rel-16, the specification is not clear. For example, in Figure 1, if the release DCI is successfully received by UE, SPS1 PDSCH will be released and only SPS2 PDSCH reception exists. We could assume the codebook of HARQ-ACK construction will include 2 bits, one is the ACK for release DCI and the other is HARQ-ACK information of SPS2 PDSCH based on the TDRA table. However it is also possible that only one 1 bit feedback is permitted just like in Rel-15, the one bit feedback may be for either release DCI or SPS1 or SPS2. This depends on the UE implementation as the issue is not clearly specified in specification. 
Two alternatives as below could be considered to avoid the ambiguity. 
Alt1: More than one HARQ-ACK bits are permitted if release DCI is successfully decoded, including one bit for release DCI, one bit for each SPS that is not released but overlapping with the SPS to be released. 
Alt2: Only 1 HARQ-ACK bit is permitted. The 1 bit HARQ-ACK will be generated for the release DCI and UE does not expect to receive the deactivated SPS PDSCH reception and other SPS PDSCH reception overlapping with the deactivated SPS configuration.
Alt1 would expect more specification effort, and thus Alt2 is preferred to align the principle of Rel-15. 
Proposal 3: In a slot, if a release DCI is received, and an SPS configuration deactivated by the release DCI overlaps with other SPS PDSCH reception, while HARQ-ACKs for the release DCI and all the SPS PDSCH receptions would map to the same PUCCH, 1 bit HARQ-ACK will be generated for the release DCI and UE does not expect to receive the deactivated SPS PDSCH reception and other SPS PDSCH reception overlapping with the deactivated SPS configuration.

Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: Endorse TP#1 for section 9.1.3.1 in TS 38.213.
TP# 1 for section 9.1.3.1 in TS 38.213
	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
…
If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the [image: ] serving cells, or for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS PDSCH reception, or for SPS PDSCH release, and if [image: ], the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as 
	
... 
-	[image: ] is the number of SPS PDSCH receptions, which are configured to receive, by the UE on serving cell [image: ] for which the UE transmits corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to PDSCH receptions within the [image: ] PDCCH monitoring occasions
.…



Proposal 2: In order to avoid the ambiguity of HARQ-ACK codebook structure caused by Rrelease DCI, it is recommended that RAN1 consider the following methods:
· Alt1:RAN1 defines the timeline of release DCI taking effect.
· Alt2: Adopt that PUCCH for SPS release should be earlier than PUCCH for SPS PDSCH receptions including the SPS PDSCH to be released.

Proposal 3: In a slot, if a release DCI is received, and an SPS configuration deactivated by the release DCI overlaps with other SPS PDSCH reception, while HARQ-ACKs for the release DCI and all the SPS PDSCH receptions would map to the same PUCCH, 1 bit HARQ-ACK will be generated for the release DCI and UE does not expect to receive the deactivated SPS PDSCH reception and other SPS PDSCH reception overlapping with the deactivated SPS configuration.
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