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1. Introduction
In RAN1#96bis, following agreements were made for DL SPS [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 addition, it is noted that the following agreements related to SPS/CG were achieved in RAN2 #105bis meeting [2] and a LS [3] with three questions was sent to RAN1. We draft the reply LS in [4].
	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).
R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption. 
Will support “short” SPS periodicities, at least down to 0.5ms
Ask R1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symb.  
R2 assumes that activation/deactivation is done by DCI. 
RAN1 should address activation/deactivation DCIs related with configured grant Type 2 and SPS in the case of multiple configurations
When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID



Based on the progress achieved in both RAN1 and RAN2, we discussed following aspects for DL SPS:
· Support for multiple active semi-persistent scheduling (SPS) configurations for a given BWP of a UE
· Support for shorter SPS periodicities than the existing ones 
· HARQ-ACK feedback for more than one SPS PDSCH receptions/release in a same PUCCH
· Collisions between different SPS configurations
2. Multiple active SPS configurations for a given BWP
Based on the agreements achieved in RAN2, multiple SPS configurations for a given BWP of a serving cell is used to support multiple periodic TSN traffic flows and to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity, that is in line with the motivation for supporting multiple CG configurations for a given BWP of a servicing cell. As indicated in the LS [3], two values i.e., 8 or 16 need to be down-selected as the maximum number of active SPS configurations for a given BWP. From our perspective, the maximum number should be determined such that the two use cases of supporting different services/traffic types and reducing the latency while ensuring the reliability are well covered. In [5], it was proposed to support at least 8 configurations from V2X perspective to handle the basic safety services. If multiple configurations are also used to reduce the latency, the maximum number will exceed 8. Secondly, potential impacts on physical layer perspective from the maximum number of configurations would be the DCI overhead for indicating which configuration(s) of Type 2 CG/SPS is/are activated/deactivated, and HARQ-ACK feedback for multiple SPS configurations. For activation/deactivation signalling, if we use bit-map to indicate which configuration(s) is/are active/de-active, whatever the maximum number is 8 or 16, the DCI overhead would be large which is not the preferred way; if we use codepoint to indicate the configuration(s), there is only 1-bit difference between 8 and 16 configurations. Regarding the HARQ-ACK feedback for multiple SPS configurations, it is expected that the HARQ-ACK feedback for more than one SPS PDSCH and/or SPS release will be transmitted in the same PUCCH. The total HARQ-ACK payload for multiple SPS configurations on one PUCCH resource can be controllable by gNB’s configuration. Enhancements on the HARQ-ACK for DL SPS are necessary, we will discuss details on section 4. However, the complexity is comparable between the 8 and 16 configurations. Therefore, following is proposed:
Proposal 1:
· The maximum number for the active configurations should be the same between DL SPS and UL CG.
· From RAN1 perspective, the maximum number of configurations for a given BWP of a serving cell can be 16.

Regarding the activation/release signalling design, it was agreed to support separate activation/release for different DL SPS configurations for a given BWP of a serving cell. FFS whether or not to support joint activation and/or release in a DCI for two or more DL SPS configurations. Since the motivations for supporting multiple active SPS configurations per BWP of a serving cell is same as supporting multiple active UL configured grant configurations per BWP of a serving cell, we prefer a unified singling structure design in higher layer and physical layer for both DL SPS and UL CG. Details can be found in [6]. As discussed in our companion contribution, following is proposed: 
Proposal 2:
· For DL SPS, support joint activation/release in a DCI for multiple SPS configurations for a given BWP of a serving cell.
· A field(s) in the activation/deactivation DCI should be able to indicate which SPS configuration(s) to be activated/released
· FFS RV field and/or HPN field can be the re-used for this purpose.  
  
3. SPS with shorter periodicity compared to the existing one
In Rel.15, the minimum periodicity for SPS configuration is 10ms. While for UL configured grant configuration, the minimum periodicity can be 2 symbols, exact value depends on the SCS, ranging between ~18us and ~143us. In the LS [3], RAN2 asked RAN1 about the feasibility on supporting SPS periodicities of at least 0.5 ms and shorter than 0.5 ms, e.g. down to 2 symbols, and whether there are any additional limitations for the above periodicities in terms supported SCS and HARQ-ACK feedback. Based on Rel.15 UE feature FG 9 [5-13] ~ FG11 [5-13c], the maximum number for the UE to process the unicast PDSCHs per slot per CC for different TBs for UE capability#2 is 7 [7]. Therefore, from physical layer perspective, it is feasible to support the SPS periodicity shorter than 0.5ms, e.g. down to 2 symbols without any limitations. In Rel.15, the shortest periodicity for CG is 2 symbols, considering the traffic for DL and UL is symmetric, it is desirable that the periodicity for DL SPS can be down to two symbols. 

Proposal 3:
· From physical layer perspective, it is feasible to support SPS periodicity shorter than 0.5 ms, e.g. down to two symbols without any limitations.


4. [bookmark: _GoBack]HARQ-ACK feedback for more than one SPS PDSCH receptions/release in a same PUCCH 
In Rel.15, a UE is not expected to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH receptions on the same PUCCH. In addition, DL SPS shall not be configured for more than one serving cell of a cell group at once. In the previous meeting, it was agreed to support multiple SPS PDSCH configurations and shorter SPS periodicities in Rel.16. In this case, it is inevitable that HARQ-ACK for more than one SPS PDSCH receptions/release on the same PUCCH will happen. The following need to be taken into account:
· Type 1 and Type 2 HARQ-ACK codebook determination 
· The number of HARQ-ACK bits and HARQ-ACK bit position for
· First SPS PDSCH reception with associated DCI, the DCI format can be 1_0 and 1_1
· SPS PDSCH release 
· SPS PDSCH reception without associated DCI
· HARQ-ACK feedback when only SPS PDSCH receptions without associated DCI are detected
In the following, we discuss more detailed specification impact for the above issues. 
Type1 HARQ-ACK codebook
In Rel.15, for Type I HARQ-ACK codebook, the same mechanism can be used for HARQ-ACK bit(s) generation for first SPS PDSCH reception with associated DCI, SPS PDSCH receptions without associated DCI and SPS PDSCH release. Specifically, 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.  For multiple SPS PDSCH configurations and shorter SPS periodicities, each SPS PDSCH and/or SPS PDSCH release correspond to one of the entries in the PDSCH resource allocation table, therefore, same HARQ-ACK bit(s) generation mechanism as in Rel.15 can be reused for Type1 HARQ-ACK codebook. The Specification impacts are small.  
Type2 HARQ-ACK codebook
In Rel.15, for Type II HARQ-ACK codebook, two different mechanisms are used for HARQ-ACK bit(s) generation for DL SPS. Specifically, 
· 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 transmissions being multiplexed into one HARQ-ACK codebook in Rel.16, the HARQ-ACK codebook construction needs to be enhanced. Following two options can be considered:
· Option 1: Same HARQ-ACK codebook construction mechanism as in Rel.15
· For SPS PDSCH reception without associated activation DCI, the HARQ-ACK bit(s) is/are placed after ones in response to dynamic PDSCH in the HARQ-ACK codebook. 
· For the first SPS PDSCH reception with activation DCI and/or SPS PDSCH release, the HARQ-ACK bits in the HARQ-ACK codebook are determined based on the value of counter DAI and/or total DAI indicated by the activation/deactivation DCI, as shown in Figure 1.
 [image: ]
Figure 1 Type II HARQ-ACK CBS for Option 1
· Option 2: Generate two HARQ-ACK sub-codebooks (sub-CBs), the first sub-CB is for dynamic PDSCH scheduling and the second sub-CB is for DL SPS. Then the two sub-CBs are combined in a single HARQ-ACK codebook as shown in Figure 2.
· For the second sub-CB, the HARQ-ACK bit(s) are arranged based on the following rules:
· For first SPS PDSCH reception with activation DCI and/or SPS PDSCH release, the HARQ-ACK bit(s) is/are placed in the second HARQ-ACK sub-codebook based on the value of counter DAI and/or total DAI indicated by the activation/deactivation DCI where the counter DAI is dedicated for SPS PDSCH, which only counts SPS PDSCHs. 
· For SPS PDSCH reception without associated DCI, the HARQ-ACK bit(s) is/are placed after HARQ-ACK bits in response to SPS PDSCH reception with associated activation DCI and/or SPS PDSCH release. 
 [image: ]
Figure 2 Type II HARQ-ACK CBS for Option 2
Proposal 4:
· To support HARQ-ACK(s) for more than one SPS PDSCH receptions/releases on the same PUCCH, 
· Same HARQ-ACK codebook construction mechanism as in Rel.15 can be reused for Type I HARQ-ACK codebook.
· Down-select following two options for HARQ-ACK codebook construction for Type II HARQ-ACK codebook:
· Option 1: Same HARQ-ACK codebook construction mechanism as in Rel.15 can be used, place HARQ-ACK bits for SPS reception after dynamic TB-based PDSCH HARQ-ACK codebook.
· Option 2: HARQ-ACK bits for multiple SPS PDSCH are constructed as a SPS HARQ-ACK codebook, place SPS HARQ-ACK codebook after dynamic HARQ-ACK codebook for scheduled PDSCH.

[bookmark: _Hlk7443417]HARQ-ACK feedback for SPS PDSCH reception (without associated DCI) only
As discussed above, for multiple SPS configurations and shorter SPS periodicity, it is inevitable that the HARQ-ACK for more than one SPS PDSCH would be transmitted in a same PUCCH. For SPS PDSCH reception (without associated DCI) only case, the following issues need to be discussed:
· HARQ-ACK feedback for SPS PDSCH reception only
· PUCCH resource determination for SPS PDSCH reception only
HARQ-ACK feedback for SPS PDSCH reception only
[bookmark: _Hlk7443701]For HARQ-ACK feedback for SPS PDSCH reception only, two options can be considered as follow:
· Option 1: Bundling HARQ-ACK bits corresponding to multiple SPS PDSCHs into one HARQ-ACK bit.
· Option 2: HARQ-ACK bits corresponding to multiple DL SPS PDSCHs are multiplexed in the same HARQ-ACK codebook where each HARQ-ACK bit is corresponding to one SPS PDSCH. 
For option 1, only one-bit HARQ-ACK is generated and PUCCH resource configuration for DL SPS in Rel.15 can be reused where only PUCCH format 0 or 1 can be configured for DL SPS, while as long as one SPS PDSCH is decoding failure, UE need to retransmit all the SPS PDSCHs. This will lead to very inefficient retransmission. For option 2, UE only need to retransmit the SPS PDSCH which is not detected correctly. In this case, more than two HARQ-ACK bits may need to be transmitted. Therefore, in addition to PUCCH format 0 or 1, format 2 or format 3 or format 4 should also be configured for DL SPS in Rel.16. 
PUCCH resource determination for SPS PDSCH reception only
In Rel.15, if a UE transmits HARQ-ACK information corresponding only to a PDSCH reception without a corresponding PDCCH, a PUCCH resource for corresponding PUCCH transmission with HARQ-ACK information is provided by n1PUCCH-AN. In Rel.16, when multiple SPS configurations are supported, HARQ-ACK bit(s) for more than one SPS PDSCH receptions (without associated DCI) on the same PUCCH should be supported.  The PUCCH resource that is used for HARQ-ACK transmission should be defined taking into account that different SPS configurations are configured with different PUCCH resources. Two options for PUCCH determination can be considered:
· Option 1: The PUCCH resource is derived from the first SPS PDSCH reception associated to the HARQ-ACK codebook.
· Option 2: The PUCCH resource is derived from the last SPS PDSCH reception associated to the HARQ-ACK codebook.
For Option 1, the PUCCH resource is fixed once UE receives the first SPS PDSCH within the HARQ-ACK feedback window. Option 2 is similar as the PUCCH resource determination for PDSCH scheduled by a corresponding PDCCH which can provide more flexibility for PUCCH resource update based on the PUCCH resource configuration for subsequent SPS PDSCHs. Therefore, option 2 is slightly preferred. 
Proposal 5：
· Support HARQ-ACK bits corresponding to multiple SPS PDSCHs without associated DCIs multiplexed in the same HARQ-ACK codebook.
· All PUCCH formats can be configured for Rel.16 SPS. 
· PUCCH resource is derived from the last SPS PDSCH reception associated to the HARQ-ACK codebook.
5. 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. We understand this collision case has not been discussed in SI and the time for WI is quite limited. To reduce the specification efforts, before precluding this collision case, it is preferred to check whether the solutions discussed/agreed for other collision case like dynamic PDSCH v.s. dynamic PDSCH, collisions involving multiple UL configured grant configurations can be applied to the collision case involving multiple SPS configurations. 
[bookmark: _Hlk7346107]Proposal 6:	
· To reduce the specification efforts, discuss collisions involving multiple SPS configurations after solutions are identified for other collision scenarios.

6. Conclusion
In this contribution, we discussed URLLC uplink transmission prioritization and multiplexing for intra-UE. Proposals are summarized as following: 
Proposal 1:
· The maximum number for the active configurations should be the same between DL SPS and UL CG.
· From RAN1 perspective, the maximum number of configurations for a given BWP of a serving cell can be 16.
Proposal 2:
· For DL SPS, support joint activation/release in a DCI for multiple SPS configurations for a given BWP of a serving cell.
· A field(s) in the activation/deactivation DCI should be able to indicate which SPS configuration(s) to be activated/released
· FFS RV field and/or HPN field can be the re-used for this purpose.  
Proposal 3:
· From physical layer perspective, it is feasible to support SPS periodicity shorter than 0.5 ms, e.g. down to two symbols without any limitations.
Proposal 4:
· To support HARQ-ACK(s) for more than one SPS PDSCH receptions/releases on the same PUCCH, 
· Same HARQ-ACK codebook construction mechanism as in Rel.15 can be reused for Type I HARQ-ACK codebook.
· Down-select following two options for HARQ-ACK codebook construction for Type II HARQ-ACK codebook:
· Option 1: Same HARQ-ACK codebook construction mechanism as in Rel.15 can be used, place HARQ-ACK bits for SPS reception after dynamic TB-based PDSCH HARQ-ACK codebook.
· Option 2: HARQ-ACK bits for multiple SPS PDSCH are constructed as a SPS HARQ-ACK codebook, place SPS HARQ-ACK codebook after dynamic HARQ-ACK codebook for scheduled PDSCH.
Proposal 5：
· Support HARQ-ACK bits corresponding to multiple SPS PDSCHs without associated DCIs multiplexed in the same HARQ-ACK codebook.
· All PUCCH formats can be configured for Rel.16 SPS. 
· PUCCH resource is derived from the last SPS PDSCH reception associated to the HARQ-ACK codebook.
Proposal 6:	
· To reduce the specification efforts, discuss collisions involving multiple SPS configurations after solutions are identified for other collision scenarios.
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