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1. Introduction
For physical layer enhancements for DL SPS, following agreements were achieved in RAN1 [1] - [3]:
	Agreements in RAN1 #96b:
· 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 in RAN1 #98:
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
Agreements in RAN1 #98b:
Confirm the following working assumption:
	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


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 shall be reported (i.e. no dynamic PDSCH HARQ-ACK), RAN1 down-selects the following options:
· Option 1: Multiple PUCCH resources are configured common for all SPS configurations (similar to multi-CSI-PUCCH-ResourceList) per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
· FFS: Number of maximum PUCCH resources
· FFS details (threshold for determining PUCCH resource)
· Option 2: Multiple PUCCH resource sets are configured common for all SPS configurations per HARQ-ACK codebook. The PUCCH resource set to be used is determined based on HARQ-ACK payload size. 
· FFS whether or not to configure PUCCH resource sets separately from PUCCH resource set for dynamic-scheduled PDSCH
· FFS whether to configure separate payload range
· The actual PUCCH resource to be used among PUCCH resources in the chosen PUCCH resource set is determined by reusing rel-15 HARQ-ACK PUCCH resource determination mechanism for dynamic PDSCH based on the latest activation DCI
R1-1911602
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)

R1-1911692
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.
R1-1911694
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 discussed following aspects for DL SPS:
· HARQ-ACK feedback for SPS PDSCH and dynamic scheduled PDSCH
· HARQ-ACK feedback for more than one SPS PDSCH receptions only (without dynamic PDCCH) 
· Collisions between different SPS configurations 

2 HARQ-ACK feedback for SPS PDSCH and dynamic scheduled PDSCH 
[bookmark: _Hlk20484759]In Rel.15, only one SPS configuration was supported for a carrier and DL SPS shall not be configured for more than one serving cell within a cell group. Therefore, a UE is not expected to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH receptions on the same PUCCH. However, multiple SPS PDSCH configurations have been supported in Rel.16. In this case, it is inevitable that HARQ-ACK for more than one SPS PDSCH receptions/release and dynamic scheduled PDSCH(s) on the same PUCCH will happen. Since both separate and joint SPS PDSCH release would be supported, followings should be taken into account:
· Type I and Type II HARQ-ACK codebook determination 
· The number of HARQ-ACK bits and HARQ-ACK bit position for
· First SPS PDSCH reception with associated DCI
· Separate/joint SPS PDSCH release 
· SPS PDSCH reception without associated DCI
In the following, we discuss more detailed specification impact for supporting multiple SPS configurations from HARQ-ACK feedback perspective. 
Type1 HARQ-ACK codebook
For Type I HARQ-ACK codebook in Rel-15, HARQ-ACK bit(s) are determined first in increasing order of the candidate PDSCH reception occasion index and then in increasing order of serving cell index where candidate PDSCH reception occasion is derived based on the RRC configured K1 values and the PDSCH time domain resource allocation table, etc [4]. HARQ-ACK bit generation for DL SPS in Type I HARQ-ACK codebook in Rel-15 is shown as following:
· For SPS PDSCH reception with or without associated DCI, each SPS PDSCH correspond to one of the entries in the PDSCH resource allocation table, then one HARQ-ACK bit location will be generated for this SPS PDSCH occasion.
· For SPS PDSCH release, a location in the Type I HARQ-ACK codebook for HARQ-ACK information corresponding to a SPS PDSCH release is same as for a corresponding SPS PDSCH reception.
For the case of separate SPS PDSCH release, the same HARQ-ACK bit(s) generation mechanism as in Rel.15 can be reused for Type I HARQ-ACK codebook since each SPS PDSCH and/or separate SPS PDSCH release correspond to one of the entries in the PDSCH resource allocation table. While for the case of joint SPS PDSCH release, which can release more than one DL SPS configurations, it may have more than one corresponding entries in the PDSCH resource allocation table. Therefore, how to determine the location of HARQ-ACK for joint SPS release should be discussed.  Two options can be considered as shown below:
· Opt.1: follow Rel.15 rule. Multiple locations of HARQ-ACK are determined for the joint SPS release. The location of the HARQ-ACK information corresponding to the joint SPS PDSCH release is the same as that for the corresponding SPS PDSCH receptions, as shown in Figure 2.
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Figure 1 A joint SPS release for two SPS configurations for a BWP of a given cell

[image: ]
Figure 2 An example for Opt.1
· Opt.2: define a new rule. Only one location of HARQ-ACK is determined for the joint SPS release. The location of HARQ-ACK information corresponding to the joint SPS release is the same as that for a specific SPS PDSCH reception, where the specific SPS PDSCH reception can be predefined based on a rule. Since each candidate SPS PDSCH reception occasion has a unique corresponding SPS configuration index, then the location of HARQ-ACK for joint SPS release can be determined based on the candidate SPS PDSCH reception occasion belongs to the SPS configuration with the smallest configuration index.

[image: ]
Figure 3 An example for Opt.2
For the type-1 HARQ-ACK codebook construction for joint SPS release, Opt.1 is simple and needs less specific effort. For Opt.2, it has less scheduling restriction. gNB can schedule other PDSCHs in other SPS PDSCHs resource indicated by SPS release except the one used to determine HARQ-ACK bit position. Hence, Opt.2 is more effective and more flexible compared with Opt.1. Op.2 is slightly preferred. 
Proposal 1:
· For Type I HARQ-ACK codebook construction for SPS PDSCH and dynamic scheduled PDSCH:
· In case of separate SPS PDSCH release, reuse Rel-15 HARQ-ACK codebook construction mechanism.
· In case of joint SPS PDSCH release, only one location of HARQ-ACK is determined for the joint SPS release. 
· The location of HARQ-ACK for the joint SPS release in the codebook is determined based on the SPS PDSCH reception occasion with smallest SPS configuration index which is released by the joint SPS release.

Type2 HARQ-ACK codebook
In Rel.15, for Type-2 HARQ-ACK codebook, HARQ-ACK bit(s) generation for DL SPS are as following: 
· For SPS PDSCH reception without DCI, the HARQ-ACK bit(s) is/are placed after ones in response to dynamic PDSCH in the HARQ-ACK codebook;
· While for first SPS PDSCH reception with associated DCI and/or for SPS PDSCH release, the HARQ-ACK bit(s) in the HARQ-ACK codebook are determined based on the value of counter DAI and/or total DAI indicated by the activation/deactivation DCI. 
To support more than one HARQ-ACK bits for multiple DL SPS receptions being multiplexed into one HARQ-ACK codebook in Rel.16, the Type-2 HARQ-ACK codebook construction needs to be enhanced. To minimize the specification impact, Rel.15 HARQ-ACK codebook construction mechanism can be reused. An example of HARQ-ACK codebook construction for multiple SPS PDSCH configurations based on Rel.15 mechanism is illustrated in Fig.4 below.
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Figure 4 Type-2 HARQ-ACK codebook construction for multiple SPS configurations

More than one HARQ-ACK bits for multiple SPS PDSCHs receptions without associated DCI can be multiplexed into one HARQ-ACK codebook in Rel-16 based on Rel.15 method. In the Type-2 HARQ-ACK codebook, the HARQ-ACK bit order for dynamic scheduled PDSCH is determined based on the counter DAI and/or total DAI value indicated by the corresponding scheduled DCI, while how to arrange the HARQ-ACK bit order for the SPS PDSCH reception without associated DCI needs to be defined in Rel-16. Two options below can be considered:
· Alt.1: HARQ-ACK bits for SPS PDSCH receptions without associated DCI are ordered in ascending order across serving cell index and then in descending order across the PDSCH-to-HARQ-feedback timing value K1 for SPS PDSCH. 
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Figure 5 Alt.1-HARQ-ACK bit order determination for SPS PDSCH receptions without associated DCI
· Alt.2: HARQ-ACK bits for SPS PDSCH receptions without associated DCI are ordered in descending order of the PDSCH-to-HARQ-feedback timing value K1 for SPS PDSCH for a serving cell and then in ascending order across serving cell index.
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Figure 6 Alt.2-HARQ-ACK bit order determination for SPS PDSCH receptions without associated DCI
In case different SPS PDSCHs of different SPS configurations in one cell are activated with different HARQ-ACK timing values, the above alternatives are sufficient. Among the two alternations, Alt.2 is aligned with the Rel.15 HARQ-ACK bits order determination for dynamic PDSCH. Hence, Alt.2 is preferred. 
In case more than one SPS PDSCHs of different SPS configurations in one cell are activated with same HARQ-ACK timing value, further enhancement is needed to determine the HARQ-ACK bits order for these SPS PDSCHs. Similar with HARQ-ACK bits order determination in Rel-15 type-1 HARQ-ACK codebook for case that one HARQ-ACK timing corresponding multiple dynamic PDSCHs when different numerologies are configured between UL and DL, HARQ-ACK bits for these SPS PDSCH receptions are ordered in ascending order across SPS configuration index. One example is shown in Figure 7 as below.
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Figure 7 HARQ-ACK bit order determination for SPS PDSCH receptions with same HARQ-ACK timing in a same CC
Proposal 2:
· For Type-2 HARQ-ACK codebook construction for SPS PDSCH and dynamic scheduled PDSCH, Rel.15 mechanism is reused.
Proposal 3:
· For the HARQ-ACK bits order determination for SPS PDSCH receptions without associated DCI in the Type-2 HARQ-ACK codebook:
· HARQ-ACK bits are ordered in descending order of the PDSCH-to-HARQ-feedback timing value for SPS PDSCH for a serving cell and then in ascending order across serving cell index.
· In case SPS PDSCHs of different SPS configurations in one cell are indicated with same HARQ-ACK timing value, HARQ-ACK bits for SPS PDSCH receptions are ordered in ascending order across SPS configuration index.

3  HARQ-ACK feedback for more than one SPS PDSCH receptions only (without dynamic PDSCH)
For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), it was agreed to support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated PDCCH in a PUCCH resource in RAN1#98 meeting [2]. While how to construct the HARQ-ACK codebook for SPS PDSCHs without a corresponding PDCCH is unclear. In the following, we discuss the HARQ-ACK codebook construction from two aspects:
· HARQ-ACK codebook size determination 
· HARQ-ACK bits order determination
HARQ-ACK codebook size determination 
For multiple SPS PDSCH configurations, SPS PDSCH would be transmitted only after the corresponding SPS PDSCH configuration is activated. There is no need to generate HARQ-ACK bits for SPS PDSCH configuration which is not activated. Therefore, HARQ-ACK codebook size can be determined based on activated SPS configuration(s) and HARQ-ACK timing value  indicated by the corresponding activation DCI(s). For example, as shown in Figure 8, assuming 4 SPS PDSCH configurations are configured for a BWP of a serving cell where only three SPS PDSCH configurations, i.e., SPS configuration#1, SPS configuration#2 and SPS configuration#4 are activated. If the HARQ-ACK bits for the three activated SPS PDSCH configuration are indicated to be transmitted in the same UL slot, the HARQ-ACK codebook size would be 3. While for another example shown in Figure 9, if the HARQ-ACK bits for two SPS PDSCH configurations are indicated to be transmitted in the same UL slot, e.g., slot#n+9 and the HARQ-ACK bit for one SPS PDSCH configuration is indicated to be transmitted in a different UL slot, e.g., slot#n+7, the HARQ-ACK codebook size for the UL slot#n+9 would be 2, and HARQ-ACK codebook size for UL slot#n+7 would be 1.  
[image: ]
Figure 8 Example case 1 for HARQ-ACK codebook size determination for SPS PDSCHs in a CC
[image: ]
Figure 9 Example case 2 for HARQ-ACK codebook size determination for SPS PDSCHs in a CC
HARQ-ACK bits order determination
With above discussed HARQ-ACK codebook size determination, more than one HARQ-ACK bits for multiple SPS PDSCH receptions only are multiplexed into one HARQ-ACK codebook. In the Type-2 HARQ-ACK codebook construction for SPSPDSCH and dynamic PDSCH, HARQ-ACK bits order determination for SPS PDSCH without associated PDCCH was discussed, the same mechanism can be reused for the HARQ-ACK bits order determination for SPS PDSCH reception only.
Proposal 4:
· For SPS PDSCH only, HARQ-ACK codebook is determined based on activated SPS configuration(s) and HARQ-ACK timing value  indicated by the corresponding activation DCI(s).

4 Collisions between different SPS configurations
Currently, the collision handling between multiple active UL configured grant configurations is listed to be one collision case need to be handled in intra-UE multiplexing. On the other hand, during IIOT/eURLLC SI, we have not discussed the collision case for multiple SPS configurations.  However, this collision case is obvious as long as we are going to specify the multiple SPS configurations and SPS with shorter periodicities. It is same as the collision case for multiple configured grant configurations; if a NW can avoid the SPS collision by configuration, then same logic can be applied to UL configured grant. However, we do not think it can be well handled by gNB if CA/DC is configured for the UE; in addition, using deactivation/activation signalling involves PDCCH overhead/blocking issues and UE may miss detect the deactivation/activation signalling. Therefore, a SPS priority rules are required for collisions between different SPS configurations so that UE and gNB will have common understanding for DL data is transmitted on which one of the SPS PDSCH occasions. The following two cases are discussed:
· Case 1: Collisions between different SPS configurations for different services. 
· Case 2: Collisions between different SPS configurations for same services.  
For case 1, if an eMBB SPS configuration is activated first, a URLLC SPS configuration is activated later before eMBB SPS configuration is released for the low latency requirement. Then collision between two SPS PDSCHs for different service may happen. It is helpful to define a SPS priority. The options following for identifying a HARQ-ACK codebook for SPS PDSCH discussed in AI 7.2.6.2 can be considered to be reused [3]:
· Opt.1: By SPS PDSCH configurations, e.g., SPS configuration index or SPS periodicity. 
· Opt.2: By the DCI activating the SPS PDSCH 
For case 2, we think the configuration on which earlier transmission uses should be prioritized.
Proposal 5:
· For collisions between different SPS configurations for different services, priority for SPS PDSCH can be defined:
· Opt.1: By SPS PDSCH configurations 
· Opt.2: By the DCI activating the SPS PDSCH 
· For collisions between different SPS configurations for the same traffic, earlier SPS PDSCH transmission should be prioritized.
5 Conclusion
In this contribution, we discussed physical layer enhancements for DL SPS. Proposals are summarized as following: 
Proposal 1:
· For Type I HARQ-ACK codebook construction for SPS PDSCH and dynamic scheduled PDSCH:
· In case of separate SPS PDSCH release, reuse Rel-15 HARQ-ACK codebook construction mechanism.
· In case of joint SPS PDSCH release, only one location of HARQ-ACK is determined for the joint SPS release. 
· The location of HARQ-ACK for the joint SPS release in the codebook is determined based on the SPS PDSCH reception occasion with smallest SPS configuration index which is released by the joint SPS release.
Proposal 2:
· For Type-2 HARQ-ACK codebook construction for SPS PDSCH and dynamic scheduled PDSCH, Rel.15 mechanism is reused.
Proposal 3:
· For the HARQ-ACK bits order determination for SPS PDSCH receptions without associated DCI in the Type-2 HARQ-ACK codebook:
· HARQ-ACK bits are ordered in descending order of the PDSCH-to-HARQ-feedback timing value for SPS PDSCH for a serving cell and then in ascending order across serving cell index.
· In case SPS PDSCHs of different SPS configurations in one cell are indicated with same HARQ-ACK timing value, HARQ-ACK bits for SPS PDSCH receptions are ordered in ascending order across start symbol index of SPS PDSCH occasions.
Proposal 4:
· For SPS PDSCH only, HARQ-ACK codebook is determined based on activated SPS configuration(s) and HARQ-ACK timing value  indicated by the corresponding activation DCI(s).
Proposal 5:
· For collisions between different SPS configurations for different services, priority for SPS PDSCH can be defined:
· Opt.1: By SPS PDSCH configurations 
· Opt.2: By the DCI activating the SPS PDSCH 
· Opt.3: By the CORESET where the activating DCI is received
· For collisions between different SPS configurations for the same traffic, earlier SPS PDSCH transmission should be prioritized.
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