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Introduction
There are the following agreements in the previous RAN1 meetings about DL SPS enhancements:
	Agreements:
· Support separate activation for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more DL SPS configurations
· Support separate release for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more DL SPS configurations
Agreements:
Regarding Q2 in LS from RAN2, the following is captured:
· RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot for all SCSs and single SPS configuration with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs 
Agreements:
· M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is
· Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
· In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
Conclusion:
· No support of joint activation in a DCI for two or more configured grant Type 2 configurations in Rel-16
Agreements:
Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
· Reusing the joint release mechanism as that defined for UL type 2 CG
Agreements:
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.
Agreements:
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), 
· Multiple PUCCH resources are configured common for all SPS configurations per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
· Number of PUCCH resources is up to 4
FFS details (e.g., threshold for determining PUCCH resource)
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:
For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), the number of PRBs for the PUCCH transmission is determined by reusing rel-15 mechanism in Subclause 9.2.3 (UE procedure for reporting HARQ-ACK) of 38.213. 
The maximum code rate per PUCCH format is reused from the parameter associated with the identified HARQ-ACK codebook for SPS PDSCH.


In this contribution, we will discuss some issues to be considered about the enhancements for DL SPS.
Discussion
[bookmark: _Ref16865337]HARQ-ACK timing indication
According to the current specification, “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.”
Due to the minimum periodicity of DL SPS PDSCH is 10ms in Rel.15, the most frequent HARQ-ACK feedback is once every 10ms. For most of the cases, it is possible to avoid configuring the symbols for SPS HARQ-ACK feedback as DL symbols. For the cases that the symbols for SPS HARQ-ACK feedback is unfortunately conflict with configured DL symbols, the HARQ-ACK is dropped and the corresponding SPS PDSCH is retransmitted. This is not frequent and since the latency requirement is not so much urgent, the retransmission could be acceptable.
For Rel.16, the periodicity of DL SPS is down to 1ms to support time sensitive service. Then it would be inevitable the SPS HARQ-ACK feedback symbols be collided with configured DL symbols frequently. Without corresponding HARQ-ACK feedback, SPS PDSCH would be always retransmitted which would be inefficient and unacceptable considering the latency requirements. For this issue, it may be possible to postpone the HARQ-ACK to the next available valid PUCCH resource or the next available valid slot. However, unexpected delayed SPS HARQ-ACK has to be considered when configuring the capacity of PUCCH. This would make the configuration complex. Besides, imbalanced HARQ-ACK feedback would occur. Another possible solution is to decide one HARQ-ACK timing indication for a set of SPS PDSCHs. As illustrated in the Figure 1, the HARQ-ACK of 4 SPS PDSCHs in one set are all reported in one PUCCH. The HARQ-ACK timing indication is about the set of SPS PDSCHs and the corresponding HARQ-ACK. Since the time occasion for SPS HARQ-ACK is much looser than before, the possibility of conflicting with DL symbols could be infrequent. With this solution, the specification impact could be marginal as below:
“For a set of SPS PDSCHs 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 [and the new DL DCI format] activating the SPS PDSCH reception.”


[bookmark: _Ref16860461]Figure 1 PUCCH with HARQ-ACK feedback for a set of SPS PDSCHs
Proposal 1: HARQ-ACK timing indication for SPS feedback is about the timing gap between a set of SPS PDSCHs and the corresponding HARQ-ACK.
HARQ-ACK codebook construction
For the case where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment is to be reported, a predefined order of HARQ-ACK bits is needed to construct the codebook. To our view, the HARQ-ACKs bits could be constructed firstly in ascending order of serving cell index, then in ascending order of SPS configurations index, and then in ascending order of time domain received occasions.
For cases where HARQ-ACK feedback for SPS PDSCHs without associated DL assignment is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, SPS PDSCH with associated DL assignment, or SPS release PDCCH, the current mechanism could be reused to construct the type-1 HARQ-ACK codebook. For type-2 HARQ-ACK codebook, just also as the current rule, the HARQ-ACK feedback for SPS PDSCH could be appended in the end of codebook. The order of HARQ-ACK bits for the SPS PDSCH could be as they are independently transmitted.
Proposal 2: For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment is to be reported, the HARQ-ACKs bits could be constructed firstly in ascending order of serving cell index, then in ascending order of SPS configurations index, and then in ascending order of time domain received occasions.          
Proposal 3: For cases where HARQ-ACK feedback for SPS PDSCHs without associated DL assignment is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, with SPS PDSCH with associated DL assignment, or with SPS release PDCCH, the current mechanism could be reused.
· For type-1 HARQ-ACK codebook, the current mechanism could be fully reused.
· For type-2 HARQ-ACK codebook, the HARQ-ACK feedback for SPS PDSCH could be appended in the end of codebook. The order of HARQ-ACK bits for the SPS PDSCH could be as they are independently transmitted.
HARQ-ACK for joint release in a DCI for two or more SPS configurations
It is agreed in the previous meeting to support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell. Besides, it was agreed to support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release). Besides, an explicit indication in each SPS PDSCH configuration provides HARQ-ACK priority level for SPS PDSCH and ACK for SPS PDSCH release. 
For a DCI which joint release two or more SPS configurations, it is possible the priority level of HARQ-ACK of the released SPS configurations are different. Then which HARQ-ACK priority level should be used for this DCI is to be determined. To our opinion, the HARQ-ACK priority level configuration of the released SPS with lowest configuration index could be used. With this determined HARQ-ACK priority level, the corresponding parameters as PDSCH-HARQ-ACK-Codebook、K1、pdsch-TimeDomainAllocationList, and etc could be used for the HARQ-ACK of this DCI.
Proposal 4: HARQ-ACK priority level of DCI for joint release two or more SPS configurations is based on the HARQ-ACK priority level configuration of the released SPS with lowest configuration index.
When HARQ-ACK of DCI for SPS release is reported in a Type-1 HARQ-ACK codebook, the HARQ-ACK bit location in the codebook is based on the row index in the TDRA table corresponding to the released SPS PDSCH. However, When HARQ-ACK of DCI for joint release two or more SPS configurations is reported in a Type-1 HARQ-ACK codebook, there are respective row index for each released SPS. How to decide the HARQ-ACK bit location in the codebook should be determined. Fortunately, the bit field of “Time domain resource assignment” in the DCI for multiple SPS release could be used to indicate one row index. The indicated row index could be used to decide the HARQ-ACK bit location. This is much flexible for less scheduling restriction is needed. However, the bit field of “Time domain resource assignment” in the DCI could be 0 bit sometimes. For this case, the row index in the TDRA table of the released SPS with lowest configuration index could be used.
Proposal 5: The bit field of “Time domain resource assignment” in the DCI for multiple SPS release could be used to indicate one row index, and the indicated row index is used to decide the DCI HARQ-ACK bit location in the Type-1 codebook. When the bit width of “Time domain resource assignment” is 0, the row index in the TDRA table of the released SPS with lowest configuration index is used.
SPS HARQ-ACK/SR multiplexing with CSI in a PUCCH
According to the current specification, if HARQ-ACK/SR in response to a PDSCH reception without a corresponding PDCCH is to be transmitted with one or more CSI reports in a PUCCH, and multi-CSI-PUCCH-ResourceList is configured, one of the PUCCHs configured for CSI report is used to transmit the HARQ/SR and CSI. Due to the maximum number of HARQ-ACK bits to a PDSCH reception without a corresponding PDCCH is 2, multiplexing the HARQ-ACK bits in the PUCCH configured for CSI would not impact the CSI transmission much. For Rel.16, however, since multiple SPS configuration could be used for one UE, there may be more HARQ-ACK/SR bits in response to a PDSCH reception without a corresponding PDCCH to be transmitted together with CSI. If the gNB considers some SPS HARQ-ACK bits are possible to be transmitted together with CSI when configuring PUCCH resource for CSI, some PUCCH resource would be over provisioned since all the  PRBs configured for the PUCCH of CSI would be used while the payload of SPS HARQ-ACK may vary according to the activation/deactivation, periodicity, and etc. 
According to the following agreements in the previous meeting,
For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), 
· Multiple PUCCH resources are configured common for all SPS configurations per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), the number of PRBs for the PUCCH transmission is determined by reusing rel-15 mechanism in Subclause 9.2.3 (UE procedure for reporting HARQ-ACK) of 38.213. 
· The maximum code rate per PUCCH format is reused from the parameter associated with the identified HARQ-ACK codebook for SPS PDSCH
It is observed that the actual used number of PRBs  for the PUCCH transmission of SPS HARQ-ACK could be smaller than the configured number of PRBs for the PUCCH, . This makes the resource usage of PUCCH more efficiency. To our opinion, when HARQ-ACK/SR in response to a PDSCH reception without a corresponding PDCCH is to be transmitted with one or more CSI reports in a PUCCH, and multi-CSI-PUCCH-ResourceList is configured, when the bit width of HARQ-ACK/SR is no more than 2bits, one PUCCH configured in multi-CSI-PUCCH-ResourceList could be used. Otherwise, if the bit width of HARQ-ACK/SR is more than 2bits, one PUCCH configured for all SPS configurations is to be used.
Proposal 6: If HARQ-ACK/SR in response to a PDSCH reception without a corresponding PDCCH is to be transmitted with one or more CSI reports in a PUCCH, and multi-CSI-PUCCH-ResourceList is configured,
· When the bit width of HARQ-ACK/SR is no more than 2bits, one PUCCH configured in multi-CSI-PUCCH-ResourceList is used to transmit the HARQ-ACK/SR and CSI . 
· When the bit width of HARQ-ACK/SR is more than 2bits, one PUCCH configured for the SPS configurations is used to transmit the HARQ-ACK/SR and CSI . 
Conclusion
In this contribution, we discussed some remaining issues to be resolved about the enhancements for DL SPS. The following proposals are reached:
Proposal 1: HARQ-ACK timing indication for SPS feedback is about the timing gap between a set of SPS PDSCHs and the corresponding HARQ-ACK.
Proposal 2: For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment is to be reported, the HARQ-ACKs bits could be constructed firstly in ascending order of serving cell index, then in ascending order of SPS configurations index, and then in ascending order of time domain received occasions.          
Proposal 3: For cases where HARQ-ACK feedback for SPS PDSCHs without associated DL assignment is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, with SPS PDSCH with associated DL assignment, or with SPS release PDCCH, the current mechanism could be reused.
· For type-1 HARQ-ACK codebook, the current mechanism could be fully reused.
· For type-2 HARQ-ACK codebook, the HARQ-ACK feedback for SPS PDSCH could be appended in the end of codebook. The order of HARQ-ACK bits for the SPS PDSCH could be as they are independently transmitted.
Proposal 4: HARQ-ACK priority level of DCI for joint release two or more SPS configurations is based on the HARQ-ACK priority level configuration of the released SPS with lowest configuration index.
Proposal 5: The bit field of “Time domain resource assignment” in the DCI for multiple SPS release could be used to indicate one row index, and the indicated row index is used to decide the DCI HARQ-ACK bit location in the Type-1 codebook. When the bit width of “Time domain resource assignment” is 0, the row index in the TDRA table of the released SPS with lowest configuration index is used.
Proposal 6: If HARQ-ACK/SR in response to a PDSCH reception without a corresponding PDCCH is to be transmitted with one or more CSI reports in a PUCCH, and multi-CSI-PUCCH-ResourceList is configured,
· When the bit width of HARQ-ACK/SR is no more than 2bits, one PUCCH configured in multi-CSI-PUCCH-ResourceList is used to transmit the HARQ-ACK/SR and CSI . 
· When the bit width of HARQ-ACK/SR is more than 2bits, one PUCCH configured for the SPS configurations is used to transmit the HARQ-ACK/SR and CSI . 
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