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Introduction
Regarding how to support multiple SPS/configured grants, in RAN2#105bis meeting, it was agreed that [1]:
	· 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 



However, there still some Left issues for multiple CGs/SPSs for TSN traffic flow and a LS was sent to RAN1 for answers. And in RAN1#97 meeting, a reply LS on SPS/CG for IIoT [2] had sent to RAN2 with some RAN1’s conclusion on multiple CGs/SPSs for TSN traffic flow. Hence, in this contribution, we would like to provide our investigation on how to achieve RAN2’s conclusion based on the RAN1 LS.
Discussion                                                                                                                  
2.1.  Maximum number of SPS configurations per BWP per Cell
As indicated in TR 22.804 and TR 22.821, the periodicity and determinism are characterised as two main communication attributes in TSN and the traffic pattern of UE could be informed to gNB in advance as assistant information. The gNB pre-schedules the UEs in one or more fixed time/frequency resources, using multiple DL semi-persistent scheduling configuration or multiple active configured grant configurations for a given BWP of a serving cell, for TSN flow to satisfy the stringent requirement on latency and reliability. Then as listed above, RAN2 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), waiting for RAN1 confirmation.
Then in the RAN1 reply LS [2], the answer from RAN1 is listed as follow:
	Q1: RAN2 would like to kindly ask RAN1 whether from PHY layer perspective there is a difference or preference, e.g. in terms of complexity to, to support 8 or 16 configurations.
Answer to Q1: RAN1 had discussed the maximum number of SPS configurations for a given BWP of a serving cell, and achieved the following agreement in RAN1#97. It is RAN1 understanding that RAN2 will take into account RAN1 agreement below in selecting the maximum number of SPS configurations for a given BWP of a serving cell.
Agreements:
· Regarding Q1 in the LS in R1-1905940:
· 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



Observation 1: according the RAN1’s understanding, 8 SPS configurations for a given BWP of a serving cell is sufficient in Rel-16.
Proposal 1: it is preferred to follow the suggestion from RAN1, the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8.
2.2. Feasibility of support for shorter SPS periodicities
As defined in TR22.804, TSN traffic is sensitive to end-to-end latency, where the communication for automation requires the 5G system to support cyclic traffic with cycle times at least 0.5 ms. The maximum OFDM symbol length in different OFDM numerologies is 66.67us for 15 kHz. The periodicity of UL CG is in terms of symbols and its value range is from 2 symbols to 5120x14 symbols while the periodicity of DL SPS is in terms of ms and its value range is from 10ms to 640ms. Hence, in RAN2#105bis meeting, it is agreed that RAN2 will support “short” SPS periodicities, at least down to 0.5ms, and sent a LS to ask RAN1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symbol.  Then in the RAN1 reply LS [2], the answer from RAN1 is listed as follow:
	Q2: RAN2 would like to kindly ask RAN1 about:
· the feasibility to support SPS periodicities of at least 0.5 ms
· the feasibility to support SPS periodicities shorter than 0.5 ms, e.g. down to 2 symbols
· any additional limitations for the above e.g. in terms of supported SCS, HARQ-ACK feedback
Answer to Q2: RAN1 had discussed the feasibility of support for shorter SPS periodicities, and achieved the following agreement on the feasibility to support periodicity down to 1 slot in 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

On the other hand, regarding the feasibility on support of periodicity shorter than 1 slot, the following conclusion was made.
Conclusion:
· RAN1 will continue to further investigate whether or not it is feasible to support periodicities shorter than 1 slot for SPS.



Observation 2: according the RAN1’s understanding, 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 in Rel-16, and it is still FFS whether or not it is feasible to support periodicities shorter than 1 slot for SPS.
Proposal 2: it can be regarded as baseline that support of short 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 in Rel-16. And whether or not it is feasible to support periodicities shorter than 1 slot for SPS is FFS.
2.3. Feasibility of activation/deactivation of multiple SPS/CG configurations via DCI signalling
Regarding the feasibility of activation/deactivation of multiple SPS/CG configurations via DCI signaling, RAN1 listed their conclusions and FFSs as follows:
	Q3: RAN2 would like to kindly ask RAN1 the feasibility of activation/deactivation of multiple SPS/CG configurations via DCI signalling. 
Answer to Q3: RAN1 would like to inform RAN2 about following agreements made in RAN1#96bis. 
Agreements:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 
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, in RAN1#97, the joint release of multiple Type 2 CG configurations by a single DCI signalling was discussed and the following agreement was made. 
Agreements:
· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details. 
So far, RAN1 didn’t discuss the feasibility of 
· Joint release of multiple SPS configurations by a single DCI signalling
· Joint activation of multiple SPS/Type 2 CG configurations by a single DCI signalling
RAN1 will inform RAN2 once the decisions on the corresponding aspects are made.



Firstly, RAN1 confirmed RAN2’s understanding that activation/deactivation is done by DCI. Secondly, RAN1 had achieved the conclusion that support separate activation/release for different configured grant Type 2 configurations/ DL SPS configurations for a given BWP of a serving cell. 
And joint release in a DCI for multiple configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release is also agreed in RAN1. 
Observation 3: according the RAN1’s agreement, separate activation/release for different configured grant Type 2 configurations/ DL SPS configurations for a given BWP of a serving cell can be supported firstly.
Proposal 3: the following agreements can be regarded as baseline:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell
· Support separate activation for different DL SPS configurations for a given BWP of a serving cell
· Support separate release for different DL SPS configurations for a given BWP of a serving cell
· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 

And in LTE HRLLC, it is specified that when N > 1 is configured for UL SPS, the 3 LSB of the bit field for HARQ process ID in the SPS activation/release DCI indicate which SPS configuration is activated/release. Based on the agreement, it is straightforward that this can be reused in Rel-16 NR as baseline.
Proposal 4: The approach to activation/release SPS configuration in case of multiple UL SPS configurations in LTE HRLLC can be reused in NR as baseline, e.g. usage of HARQ process ID in the SPS/CG activation/release DCI indicate which SPS/CG configuration is activated/deactivated, which needs to be confirmed by RAN1.

In addition to the above questions, the following aspects are still FFS, according to RAN1’s LS:
· Joint release of multiple SPS configurations by a single DCI signalling
· Joint activation of multiple SPS/Type 2 CG configurations by a single DCI signalling

Although activate/release the UL Configured Grant independently could be helpful to signal separate parameters , e.g. MCS etc., for each CG configuration in CG activation command, this would lead to more signaling overhead to transmit multiple Type 2 CGs activation/deactivation DCI signaling. Moreover, in some industrial cases, as the requirements on latency are more stringent for URLLC in Rel-16, it will cause more latency when the gNB to activate/release the UL Configured Grant independently upon the simultaneous arrivals of multiple traffic packets.
Moreover, in factory automation, one important use case is to configure multiple SPSs or CGs for one type of service to meet the reliability requirements. In this case, the main difference between different SPSs or CGs is the starting offsets and HARQ ID offsets, with the other parameters e.g. period, time domain/frequency domain resource size, modulation scheme, etc., are common among different SPSs or CGs. Therefore it is more efficient with less indication redundancy to activate/deactivate multiple configurations together, compared to activate/deactivate each configuration one by one. Obviously, this requires a definition of group index with the component DL SPS/UL CG configurations information by high signaling, e.g. RRC signaling, in advance.
Proposal 5: For the FFS part, it is proposed to enhance the current SPS activation/deactivation DCI to activate/deactivate multiple configurations of the same group, in case of multiple SPSs or CGs configured for one type of service to guarantee the reliability requirement.
Proposal 6: the definition of group index with the component DL SPS/UL CG configurations information by high signaling, e.g. RRC signaling, in advance.
Additionally, since only Primary carrier component is allowed to be configured with SPS configuration before Rel-15, the PDCCH DCI to activate/deactivate SPS configuration is efficient and unambiguous. However, from Rel-15, the serving cells are allowed to be configured with SPS configurations. The similar issue had been described in the above section for the multiple active SPS/CG configurations for a given BWP of a serving cell. Therefore, during the study of activation/deactivation on multiple CG/SPS, it is preferred to take the multiple active SPS/CG configurations from different serving cells as well.
Proposal 7: it is proposed to take the activation of multiple SPS/CG configurations from different serving cells into consideration as well, during the study of activation/deactivation on multiple CG/SPS configurations for a given BWP of a serving cell.
Conclusion
Observation 1: according the RAN1’s understanding, 8 SPS configurations for a given BWP of a serving cell is sufficient in Rel-16.
Proposal 1: it is preferred to follow the suggestion from RAN1, the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8.
Observation 2: according the RAN1’s understanding, 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 in Rel-16, and it is still FFS whether or not it is feasible to support periodicities shorter than 1 slot for SPS.
Proposal 2: it can be regarded as baseline that support of short 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 in Rel-16. And whether or not it is feasible to support periodicities shorter than 1 slot for SPS is FFS.
Observation 3: according the RAN1’s agreement, separate activation/release for different configured grant Type 2 configurations/ DL SPS configurations for a given BWP of a serving cell can be supported firstly.
Proposal 3: the following agreements can be regarded as baseline:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell
· Support separate activation for different DL SPS configurations for a given BWP of a serving cell
· Support separate release for different DL SPS configurations for a given BWP of a serving cell
· [bookmark: _GoBack]Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
Proposal 4: The approach to activation/release SPS configuration in case of multiple UL SPS configurations in LTE HRLLC can be reused in NR as baseline, e.g. usage of HARQ process ID in the SPS/CG activation/release DCI indicate which SPS/CG configuration is activated/deactivated, which needs to be confirmed by RAN1.
Proposal 5: For the FFS part, it is proposed to enhance the current SPS activation/deactivation DCI to activate/ deactivate multiple configurations of the same group, in case of multiple SPSs or CGs configured for one type of services to guarantee the reliability requirement.
Proposal 6: the definition of group index with the component DL SPS/UL CG configurations information by high signaling, e.g. RRC signaling, in advance.
Proposal 7: it is proposed to take the activation of multiple SPS/CG configurations from different serving cells into consideration as well, during the study of activation/deactivation on multiple CG/SPS configurations for a given BWP of a serving cell.
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