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1.
Introduction

According to RAN1#98bis meeting [1], regarding support of HARQ-ACK feedback for SPS PDSCHs, RAN1 had reached the following agreements. 
RAN1#98b 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. 

RAN1#98b 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.

RAN1#98b 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 

RAN1#98b 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)
RAN1#98b 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 RAN1#98b Agreements: maximum code rate per PUCCH format is reused from the parameter associated with the identified HARQ-ACK codebook for SPS PDSCH

RAN1#98b Agreements:
R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.

· Both are slot-based.

· Both are sub-slot-based

In this contribution, we provide our views on remaining issues of DL SPS HARQ-ACK feedback. The discussion includes feedback overhead reduction, HARQ-ACK codebook design and SPS PDSCH/ PUCCH collision issues. For supporting various service types among multiple SPS configurations, we explored sub-slot based PUCCH transmission studied in UCI enhancement agenda, which allows more than one PUCCH with different codebook for HARQ-ACK transmission within a slot. Similar to the dynamic PDSCH case, we also address resource overlapping issues in SPS PDSCH resources and corresponding PUCCH resources.  
2.
HARQ-ACK feedback scheme 
There are several ways to reduce feedback overhead, such as HARQ-ACK bundling, NACK-only feedback, or even no HARQ-ACK feedback. Each realization has their own favoured traffic types and their own drawbacks form different perspective. For short SPS periodicity, an efficient way to reduce feedback bits while at the same time preserving PUCCH resource efficiency and reducing feedback latency is sub-slot based HARQ-ACK feedback. In this scheme, number of sub-slots within a slot can be configured according to SPS periodicity, latency limitation, reliability and UE’s capability. It consequently determines PUCCH resource utilization, codebook size, and feedback timing.

It should be noted that based on Rel.15 UE feature FG, the maximum number for the UE to process the unicast PDSCHs per slot per CC for different TBs for UE capability#2 is 7. Therefore, theoretically it is feasible to decode up to 7 SPS configurations within a slot. Similar to the slot-base feedback scheme in Rel. 15 for single HARQ-ACK bit feedback per SPS PDSCH occasion, sub-slot based single bit feedback can be applied as well for handling multiple SPS configurations. 
Proposal 1: Sub-slot based feedback should be considered for SPS PDSCH. 
It had been agreed that more than two bits feedback using PUCCH formats 2/3/4 are applicable and considering UE’s complexity for frequent HARQ-ACK feedback and frequent DL-to-UL switch overhead in TDD case. It would be better to accumulate more HARQ-ACKs for joint feedback, especially for SPS period as low as 1 slot. Current design in Rel. 15, PDSCH-to-HARQ timing (K1 value) for DL SPS is indicated in SPS activation DCI and applied to every SPS PDSCH transmission using slot-level granularity. For joint feedback in sub-slot based case, K1 indication should also follow sub-slot based scheme. In order to collect more HARQ-ACKs for joint feedback, a feedback period can be defined and each of sub-slots within a feedback period should align to the same feedback point. In this case, we can apply K1 value only to the last sub-slot within the feedback period, i.e., each SPS PDSCH within a feedback period jointly reported at the same sub-slot indicated by K1. 

Proposal 2: For HARQ-ACK feedback only for SPS PDSCHs, define a feedback period to accumulate more HARQ-ACKs for joint report.
3 HARQ-ACK feedback codebook design
Another issue aroused by shorter periodicities and multiple SPS configurations is the codebook design, considering more than one SPS PDSCH HARQ-ACK bits is transmitted on the same PUCCH. Compared to Rel. 15, no matter Type 1 or Type 2 feedback codebook, at most one SPS PDSCH HARQ-ACK information is allowed for each PUCCH transmission. For Rel. 16, Codebook design for SPS PDSCH should be revisited. Followings are general rules for codebook construction.

For Type 1 codebook where only HARQ-ACK feedback for SPS PDSCHs shall be reported, similar codebook construction mechanism in Rel. 15 can be applied, HARQ-ACK bits corresponding to multiple DL SPS PDSCHs with or without dynamic DCI, are multiplexed in the same HARQ-ACK codebook according to RRC configured K1 set and the PDSCH time domain resource allocation table (SLIVs). 

In Rel. 15, the order of HARQ-ACK bits are determined using carrier first, time second method. With the instruction of multiple active SPS configurations, carrier first, SPS configuration index second, time third method can be considered. If sub-slot based HARQ-ACK feedback is adopted, the codebook used for DL SPS can be separated from the codebook used for dynamic PDSCH. Since at least two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types for a UE in the sub-slot based framework. And different SPS configurations may have different latency or reliability requirement, separate codebooks can be used among multiple SPS configurations as well.
For Type 2 codebook, HARQ-ACK codebook is constructed based on the value of counter DAI and/or total DAI indicated by the PDSCH with dynamic DCI. In Rel. 15, the HARQ-ACK of SPS PDSCH is one bit appended to the end of dynamic PDSCH feedback. This is not sufficient when the periodicity of DL SPS is smaller. For Rel. 16 Type 2 codebook, more than one HARQ-ACK bits for SPS PDSCH should be supported. 
Proposal 3: For Type 1 and Type 2 codebook design, the HARQ-ACK codebook used for DL SPS can be separately defined from the HARQ-ACK codebook used for dynamic PDSCH.
For SPS with multiple configurations, order arrangement of appended bits for SPS should be defined. For example, based on SPS configuration index first, time second method when part of SPS resource are overlapped among different SPS configurations. The SPS configuration index of each configuration can be determined by gNB via RRC configuration. Traffic type with higher priority can be assigned with lower index, considering possible truncation if maximum code rate is exceeded.   
Proposal 4: For Type 1 and Type 2 codebook design, HARQ bit order determination among different SPS configurations should be defined, e.g., based on time, SPS configuration index or SPS configuration priority level.
4 Resource overlap among multiple SPS configurations
In case there are different traffic types corresponding to different SPS configurations, and one of the traffic types, e.g., eMBB have been activated by gNB for DL SPS transmission. Later on, a higher priority traffic, e.g., URLLC arrives at gNB and gNB would like to activate another SPS configurations for URLLC as soon as possible. It is inevitable that the earliest available SPS PDSCH resource for URLLC is fully or partially overlapped with the SPS PDSCH resource occupied by eMBB due to shorter SPS periodicities and multiple SPS configurations assigned for a UE

Similar to the dynamic cases, some mechanisms to define UE’s behaviour is necessary for SPS PDSCH resource confliction. In the eURLLC agenda of enhancements to scheduling/HARQ, two overlapping scenarios have been defined for two unicast PDSCHs, which are overlapping in the time domain and not in the frequency domain and overlapping both in the time and frequency domains. And no matter what the scenarios is, it assume that UE generates HARQ-ACK for both of the overlapped PDSCHs. This is an issue for Type 1 semi-static HARQ-ACK codebook determination when SPS PDSCHs are overlapped. In current spec, only 1 HARQ-ACK information is generated for overlapped PDSCH candidates. Based on this working assumption, separate HARQ-ACK information is needed for each of overlapped unicast PDSCH transmissions. How to determine Type 1 codebook for overlapped multiple SPS configuration for each overlapping scenarios needs further discussion. 

Proposal 5: For Type 1 codebook design, each of the overlapped SPS PDSCHs corresponding to different SPS configurations should be reported individually.

3. Conclusion
We have the following proposals for SPS enhancement. 
Proposal 1: Sub-slot based feedback should be considered for SPS PDSCH. 
Proposal 2: For HARQ-ACK feedback only for SPS PDSCHs, define a feedback period to accumulate more HARQ-ACKs for joint report.

Proposal 3: For Type 1 and Type 2 codebook design, the HARQ-ACK codebook used for DL SPS can be separately defined from the HARQ-ACK codebook used for dynamic PDSCH.
Proposal 4: For Type 1 and Type 2 codebook design, HARQ bit order determination among different SPS configurations should be defined, e.g., based on time, SPS configuration index or SPS configuration priority level.
Proposal 5: For Type 1 codebook design, each of the overlapped SPS PDSCH corresponding to different SPS configurations should be reported individually.
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