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1. Introduction
In the RAN1 #96bis meeting, the following agreements related to DL SPS for URLLC were achieved [1]:
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
In the RAN1 #97 meeting, the following agreements related to DL SPS for URLLC were further reached [2]:
Agreements:
· Regarding Q1 in the LS in R1-1905940:
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Although RAN1 has not completely analysed the potential impact of supporting up to 16 SPS configurations for a given BWP of a serving cell, RAN1 has the understanding that 8 SPS configurations for a given BWP of a serving cell is sufficient in Rel-16
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
Conclusion:
· RAN1 will continue to further investigate whether or not it is feasible to support periodicities shorter than 1 slot for SPS.

In the RAN1 #98 meeting, the following agreements related to DL SPS for URLLC were achieved [3]:

Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant in a PUCCH resource 
· FFS applicability to all PUCCH formats
· FFS the number of bits, e.g., the # of configured/activated SPS configurations, etc.
· FFS how to construct both type-1 and type-2 HARQ-ACK codebook for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK 
Conclusion:
· There is no consensus to support joint activation in a DCI for two or more SPS configurations for a given BWP of a serving cell in rel-16. 

Conclusion:
There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 
Working assumption:
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

In this contribution, we discuss the DL SPS related issues.
2. Discussion 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]2.1 DL SPS configurations conflicts
It was agreed that R2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 (FFS) [4]. In RAN1 #97 meeting, it was agreed that it is feasible to support periodicity down to 1 slot for all SCSs. Theoretically, SPS configurations conflicts can be avoided through configuration with the cost of reduced scheduling flexibility. Although DL SPS periodicity shorter than 1 slot will not be supported in Rel-16. It is still necessary to discuss the SPS configurations conflict issue.
This issue was discussed during RAN1 #97 meeting and it was proposed that in case of conflicts among different multiple SPS configurations, the UE is required to process only one PDSCH [5]. To solve this issue, the priorities of different configurations should be differentiated first. Furthermore, a predefined rule should be specified to deal with the conflicts among different SPS configurations with the same priority as well.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If conflicts among multiple SPS configurations with different priorities happens, gNB chooses the configurations with the highest priority. If conflicts among multiple SPS configurations with the same priority happens, gNB chooses a SPS configuration according to a predefined rule. The priorities of different configurations can be configured by RRC signalling. For the predefined rule, following aspects can be considered, periodicity, PDSCH starting time, PDSCH ending time and etc.
Proposal 1: RRC configures the priority for each SPS configuration, in case of conflicts among multiple SPS configurations with different priorities, UE processes the SPS PDSCH with the highest priority.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: In case of conflicts among multiple SPS configurations with the same priority, UE chooses one SPS PDSCH to process according to a predefined rule. FFS details of the predefined rule.
2.2 HARQ-ACK codebook enhancements
In Rel-15, only one HARQ-ACK codebook can be transmitted in a slot and there is at most one SPS PDSCH in a slot. Supporting multiple DL SPS configurations will bring additional specification work on HARQ-ACK codebook. Multiple SPS PDSCHs may be request to feed back HARQ-ACK in the same slot/sub-slot. Although, sub-slot level HARQ-ACK is supported in Rel-16, the same issue can happen in case of sub-slot level HARQ-ACK feedback as well.
2.2.1 HARQ-ACK codebook for multiple SPS PDSCHs without dynamic scheduled PDSCHs
For the HARQ-ACK codebook for multiple SPS PDSCHs without dynamic scheduled PDSCHs, it was agreed to support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant in a PUCCH resource. Details of constructing the HARQ-ACK codebook need to be further studied.
Rel-15 semi-static codebook can be considered as a starting point. For a serving cell, the HARQ-ACK codebook for multiple SPS PDSCHs is determined based on the PDSCH candidates within a feedback window which is determined based on the set of K1. An example is given in Figure 1. 


Figure 1
In this example, there are two SPS configurations and the periodicity of both SPS configurations is 1 slot. For SPS PDSCH, K1 equals 1, slot level HARQ-ACK feedback is assumed. There are two SPS PDSCH candidates marked in blue and one dynamic PDSCH candidate marked in orange in each slot. For HARQ-ACK feedback in PUCCH 2, 3 bits are necessary to represent HARQ-ACK for SPS PDSCH 1, PDSCH 7 and SPS PDSCH 2, respectively. Since the HARQ-ACK codebook is determined on the PDSCH candidate, in order to reduce the size of the SPS PDSCH HARQ-ACK codebook, a TDRA table for SPS PDSCHs can be configured separately from the TDRA table for dynamic scheduled PDSCHs. In the above example, the HARQ-ACK codebook for SPS PDSCHs will contain 2 bits instead of 3. For the same reason, the set of K1 for SPS PDSCHs can be configured separately from dynamic scheduled PDSCHs as well.
Proposal 3: A new HARQ-ACK codebook should be defined for a UCI carrying HARQ-ACKs corresponding to multiple SPS PDSCHs without dynamic scheduled PDSCHs. Rel-15 semi-static HARQ-ACK codebook can be used as a starting point.
[bookmark: OLE_LINK16][bookmark: OLE_LINK19]2.2.2 Dynamic HARQ-ACK codebook enhancements
In Rel-15, there is at most 1 bit for SPS PDSCH in dynamic HARQ-ACK codebook. To support multiple SPS PDSCH configurations, further enhancements for dynamic HARQ-ACK codebook are necessary. The new defined HARQ-ACK codebook for multiple SPS PDSCHs without dynamic scheduled PDSCHs can be used as a sub-codebook of the dynamic HARQ-ACK codebook for multiple SPS PDSCHs HARQ-ACK feedback.
Proposal 4: For dynamic HARQ-ACK codebook, the new HARQ-ACK codebook can be used as a sub-codebook for multiple SPS PDSCHs HARQ-ACK feedback.
2.2.3 Semi-static HARQ-ACK codebook enhancements
It has been agreed that DL SPS periodicity shorter than 1 slot will not be supported in Rel-16. All the SPS PDSCH will be a candidate of the TDRA table. If no new features are introduced, Rel-15 semi-static HARQ-ACK codebook can work without enhancements. 
Observation: For multiple SPS PDSCHs feedback in the same slot/sub-slot, Rel-15 semi-static HARQ-ACK codebook can work without enhancements.
2.3 Joint release for two or more SPS configurations
[bookmark: _GoBack]Joint release for two or more SPS configurations was discussed during the last meeting and there was a working assumption regarding this issue. Joint release for two or more SPS configurations can help reduce DCI signaling overhead as well as reduce the latency in some scenarios. In addition, joint release for two or more CG configurations has been agreed for UL. It should be supported for DL as well. The working assumption should be confirmed.
Proposal 5: Confirm the following working assumption,
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
3. Conclusion
In this contribution, we present our views on the DL SPS enhancements, based on the above discussion, we have the following proposals:
Proposal 1: RRC configures the priority for each SPS configuration, in case of conflicts among multiple SPS configurations with different priorities, the UE processes the SPS PDSCH with the highest priority.
Proposal 2: In case of conflicts among different multiple SPS configurations with the same priority, UE chooses one SPS PDSCH to process according to a predefined rule. FFS details of the predefined rule.
Proposal 3: A new HARQ-ACK codebook should be defined for a UCI carrying HARQ-ACKs corresponding to multiple SPS PDSCHs without dynamic scheduled PDSCHs. Rel-15 semi-static HARQ-ACK codebook can be used as a starting point.
Proposal 4: For dynamic HARQ-ACK codebook, the new HARQ-ACK codebook can be used as a sub-codebook for multiple SPS PDSCHs HARQ-ACK feedback.
Proposal 5: Confirm the following working assumption,
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
Observation: For multiple SPS PDSCHs feedback in the same slot/sub-slot, Rel-15 semi-static HARQ-ACK codebook can work without enhancements.
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