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1.
Introduction

According to RAN1#97 meeting [1], regarding support of shorter SPS periodicities, RAN1 had reached the following agreement and conclusion. 
RAN1#97 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 #96bis meeting, following agreements regarding multiple CG and SPS configurations were achieved [2]:

RAN1#96bis Agreements:
· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.

· FFS whether or not some parameters can be common among different configured grant configurations 

RAN1#96bis 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 configurationsAlt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.

In this contribution, we provide our views on HARQ-ACK feedback issues of DL SPS with respect to the support of shorter SPS periodicities and multiple SPS configurations. The discussion includes feedback signal generation, feedback overhead reduction, and HARQ-ACK codebook design. 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 or corresponding PUCCH resources.  
2. Support of shorter DL SPS periodicity 
In TR 38.825, the periodicity of the TSN flows for industry automation can be as low as 0.5ms. And for currently URLLC uplink transmission, configured grants can be set up with the periodicity as low as 2 symbols for supporting low periodic traffics. We think periodicity for SPS configuration down to 1 slot is not enough for flexible scheduling and cannot meet 0.5ms latency considering slot alignment and UE processing time. 
In addition, since TSN communications is bi-directional, and due to symmetric nature of TSN traffic in DL and UL, e.g., the functions of periodic actuation and response in DL and UL direction follow each other in motion control application. It is beneficial to support similar time scale of SPS periodicities as in CG. n*2, n*7, n*14 symbols can be supported for DL SPS to provide finer granularity, where n={1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 32, 40, 64, 80, 128, 160, 320, 640} .
Proposal 1: Periodicities as low as 2 symbols is supported in DL SPS.  
3 HARQ-ACK feedback scheme 
In Rel. 15, for UE receives only DL SPS PDSCH without dynamic DCI indication, the corresponding HARQ-ACK would be sent in a PUCCH resource provided by the higher layer parameter n1PUCCH-AN, and only format 0 or 1 is supported for carry maximum of 2 bits HARQ-ACK. However, for DL SPS with periodicity less than 1 slot, multiple HARQ-ACK feedbacks is expected be sent in the same slot. In this case, different PUCCH format such as format 2, 3, 4 should be supported. For example, if SPS periodicity of 2 symbol is introduced, 7 PUCCH transmission occasions per slot are needed. Adding that there could be multiple SPS configurations active at the same time, even more feedback bits can be envisioned. Joint multiplexing of accumulated feedback bits in a constructed codebook using same PUCCH resource is resource efficient. However, the PUCCH resource overhead would be too high or lead to reliability problem. For shorter SPS periodicity, trade-offs should be considered among UE’s feedback overhead if single bit feedback for each PDSCH occasion is considered, resource efficiency by multiplexing more HARQ-ACK feedback bits, feedback latency requirement, and codebook size. 
Proposal 2: Additional PUCCH format such as format 2, 3, 4 should be supported for SPS PDSCH.
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 symbol level 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 support the sub-slot size down to 2 symbols. 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. However, consider UE’s complexity for frequent HARQ-ACK feedback and frequent DL-to-UL switch overhead in TDD case. It would be better to define a feedback period to accumulate more HARQ-ACKs for joint feedback.
Proposal 3: Sub-slot based feedback should be considered for SPS PDSCH. 
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 of each sub-slot within a feedback period should be different for feedback alignment. In this case, we can apply K1 value only to the last sub-slot of the feedback period, i.e., each SPS PDSCH within a feedback period are feed backed at the same sub-slot indicated by K1. 
4 HARQ-ACK feedback codebook design
Another issue aroused by shorter periodicities and multiple SPS configurations is codebook design where 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 using static or dynamic codebook respectively, 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, similar codebook construction mechanism in Rel. 15 can be applied here, HARQ-ACK bits corresponding to multiple DL SPS PDSCHs with or without dynamic DCI, are multiplexed in the same HARQ-ACK codebook based on RRC configured K1 set and the PDSCH time domain resource allocation table (SLIVs), additional SLIV values not included in SLIV table within a slot contributed by shorter SPS PDSCH periodicities should to be added to the new codebook structure. In Rel. 15, the order of HARQ-ACK bits are determined based on carrier first, time second method. With the instruction of multiple active SPS configurations, SPS configuration index first, time second method can be considered for single carrier case. 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 than one slot. For Rel. 16 Type 2 codebook, more than one HARQ-ACK bits for SPS PDSCH should be supported. 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. Separate codebook design between dynamic and SPS PDSCH or among multiple SPS configurations can be considered using same PUCCH resource via codebook concatenation or using different PUCCH resource for different codebook in case of sub-slot based feedback. 
Proposal 4: For Type 1 and Type 2 codebook design, SPS configuration index first, time second method can be considered for codebook construction.
Proposal 5: Separate codebook design between dynamic and SPS PDSCH or among SPS PDSCHs belonging to different SPS configurations can be considered for service requirement differentiation.
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.      
5 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 2 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 2 codebook for overlapped multiple SPS configuration for each overlapping scenarios needs further discussion. 

Proposal 6: For Type 2 codebook design, separate HARQ-ACK information is needed for each of overlapped multiple SPS configurations.

UE’s behaviour with respect to overlapped SPS PDSCHs can leverage the discussion results from out-of-order PDSCH-to-PUSCCH scheduling, where four solutions are under discussion. For example, UE may process SPS PDSCH of later activated SPS configuration, and UE may or may not drop the prior activated SPS configuration according to the scheduling condition and/or UE’s processing capability.    
For avoiding PUCCH resource overlapping due to multiple SPS configurations, different SPS configurations can use different PUCCHs for HARQ-ACK within a slot. If the duration of PUCCH resource crosses the sub-slot boundary, either skipping the lower priority SPS configurations or multiplexing lower priority HARQ-ACKs to higher priority PUCCH resource are possible solutions. PUCCH overlapped issue is also discussed under UCI enhancement agenda. For SPS PDSCH, although HARQ-ACKs multiplexing has less impact on lower priority SPS configurations, direct skipping seems to be a better solution consider feedback bits reduction in already full-loaded codebook.
Proposal 7: Resource overlapping on SPS PDSCHs or corresponding PUCCHs due to multiple SPS configuration can refer to the discussion under out-of-order scheduling and UCI enhancement, with feature enhancements for SPS case.
3. Conclusion
We have the following proposals for SPS enhancement. 
Proposal 1: Periodicities as low as 2 symbols is supported in DL SPS.
Proposal 2: Additional PUCCH format such as format 2, 3, 4 should be supported for SPS PDSCH.

Proposal 3: Sub-slot based feedback should be considered for SPS PDSCH. 

Proposal 4: For Type 1 and Type 2 codebook design, SPS configuration index first, time second method can be considered for codebook construction.
Proposal 5: Separate codebook design between dynamic and SPS PDSCH or among SPS PDSCHs belonging to different SPS configurations can be considered for service requirement differentiation.

Proposal 6: For Type 2 codebook design, separate HARQ-ACK information is needed for each of overlapped multiple SPS configurations.

Proposal 7: Resource overlapping on SPS PDSCHs or corresponding PUCCHs due to multiple SPS configuration can refer to the discussion under out-of-order scheduling and UCI enhancement, with feature enhancements for SPS case.
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