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1. Introduction

This document summarizes the topics under AI 7.2.6.7 others based on the contributions which had been submitted to this AI, and provides some corresponding feature lead recommendations. The relevant agreements can be found in Appendix. 
2. Multiple simultaneous active SPS configurations for a given BWP 

In order to efficiently support periodic traffic for various URLLC use cases such as power distribution, factory automation, and transport industry (including remote driving), DL SPS enhancements have been discussed under IIoT study item. Similar to what have been considered regarding multiple configured grant configurations, multiple simultaneous active DL SPS configurations for a given BWP would reduce the latency as well as provide the possibility to support multiple different service types for a UE. In this context, the following aspects have been identified to be further discussed from RAN1 perspective, which are summarized based on provided inputs by companies. 

· Confirm the working assumption on support of joint release
· Spreadtrum [1], Fujitsu [4], CATT [6], Samsung [8], LGE [12], Panasonic [14], DCM [17]
Feature lead recommendations:
Proposal: 

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


	Company
	View

	Fujitsu
	Support the proposal.

	
	


· Applicable PUCCH format (in addition to PUCCH format 0/1) for cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported
· PUCCH format 2/3/4: ZTE [2], Ericsson [9], OPPO [10], Intel [11], LGE [12], Nokia [13], III [15], QC [16]
· At least one PUCCH format 2/3/4: CATT [6]

· PUCCH format 2/4: Samsung [8]
· No need of PUCCH format 3 as the number of simultaneous SPS PDSCH HARQ-ACK feedback is typically limited 
Feature lead recommendations:
Proposal: 

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. 
	Company
	View

	Fujitsu
	In our view, this issue can be discussed after we decide the mechanism for PUCCH resource selection.

	
	


· How to derive PUCCH resource for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK
· PUCCH resource indicated by the last scheduling DCI (reusing rel-15 mechanism): Fujitsu [4], HW [7], DCM [17]
Feature lead recommendations:
Proposal: 

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 (i.e., based on the total UCI payload and PRI in the last scheduling DCI). 
	Company
	View

	Fujitsu
	Support the proposal.

	
	


· How to derive PUCCH resource for cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported
· Multiple PUCCH resources are configured with a SPS configuration and each resource is associated with the pre-defined/configured HARQ-ACK payload range: ZTE [2] (no PUCCH resource set), QC [16]

· Multiple PUCCH resources are configured separately from SPS configuration similar to multi-CSI-PUCCH-ResourceList. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size: Fujitsu[4], QC [16]

· Multiple PUCCH resource sets are configured with a SPS configuration. The PUCCH resource set to be used is determined based on HARQ-ACK payload size. One PUCCH resource is configured per PUCCH resource set: Samsung [8], LGE [12] 

· Multiple PUCCH resource sets are configured with a SPS configuration. The PUCCH resource set to be used is determined based on HARQ-ACK payload size. The actual PUCCH resource to be used among PUCCH resources in the chosen PUCCH resource set is determined by PRI of the latest activation DCI: DCM [17]

· Multiple PUCCH resource sets are configured with a SPS configuration. The PUCCH resource set to be used is determined based on HARQ-ACK payload size. The actual PUCCH resource to be used among PUCCH resources in the chosen PUCCH resource set is determined by n1PUCCH-AN-R16 (imitating a PRI) configured in the SPS configuration (configured by RRC): Nokia [13]

· How to derive PUCCH resource when HARQ-ACK bits from different SPS configurations are multiplexed
· From the last SPS PDSCH reception: ZTE [2], HW [7], Nokia [13]

· From the configuration with high priority: ZTE [2]

Feature lead recommendations:
Proposal: 

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 resource sets are configured per each SPS configuration. The PUCCH resource set to be used is determined based on HARQ-ACK payload size among PUCCH resource sets of the SPS configuration derived from the last SPS PDSCH reception. 

· FFS how to determine the PUCCH resource to be used among PUCCH resources in the chosen PUCCH resource set
· Option 2: Multiple PUCCH resources are configured separately from SPS configuration (similar to multi-CSI-PUCCH-ResourceList). The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
	Company
	View

	Fujitsu
	Support the proposal.

	
	


· HARQ-ACK timing indication
· K1 indication: ZTE [2] 

· Deferring HARQ-ACK until the first available valid UL slot (or PUCCH resource): CMCC [3], vivo [5], HW [7], WILUS [18]
· If no available within the time window, HARQ-ACK is cancelled: CMCC [3]
· The available valid UL slot is determined based on semi-static TDD configuration: vivo [5]
· Configuring periodic (always-available) HARQ-PUCCH: CMCC [3]
Feature lead recommendations:
Proposal: 

If the PUCCH resource determined by HARQ-ACK timing in the activation DCI collides with DL symbols given by semi-static TDD configuration, the following options are to be further investigated:
· Option 1: Deferring HARQ-ACK until the first available valid UL slot (or PUCCH resource)

· Option 2: Indicating K1 value for each SPS transmission. 

	Company
	View

	
	

	
	


· Type-1 codebook construction

· Reuse rel-15 mechanism: ZTE [2], CATT [6], HW [7], Samsung [8], Ericsson [9], LGE [12], Nokia [13], QC [16], DCM [17]
· PDSCH time domain order: Fujitsu [4]

· HARQ-ACK bit location for joint release is based on the row index of TDRA table indicated in activation DCI for SPS PDSCH with the lowest SPS configuration index: Samsung [8], LGE [12], DCM [17], WILUS [18]
Feature lead recommendations:
Proposal: 

For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, and for type-1 HARQ-ACK codebook construction

· HARQ-ACK bit location for SPS PDSCH is derived by reusing rel-15 mechanism (i.e., based on the TDRA table row index indicated in the activation DCI for the SPS PDSCH)   

· HARQ-ACK bit location for SPS release with a separate release DCI is derived by reusing rel-15 mechanism (i.e., based on the TDRA table row index indicated in the activation DCI for the SPS PDSCH)  
· HARQ-ACK bit location for SPS release with a joint release DCI is derived based on the TDRA table row index indicated in the activation DCI for SPS PDSCH with the lowest SPS configuration index
	Company
	View

	Fujitsu
	Support the proposal.

	
	


· Type-2 codebook construction

· HARQ-ACK bits for SPS PDSCH occasions without an associated DCI are placed in the end of the codebook after HARQ-ACK bits for dynamic scheduled PDSCH (Reuse rel-15 mechanism): ZTE [2], CATT [6], HW [7], Samsung [8], Ericsson [9], Intel [11], LGE [12], Nokia [13], QC [16], DCM [17]
· Ordered by active SPS configuration index in a serving cell and then iterated per active serving cell index: Ericsson [9], Intel [11], Nokia [13], WILUS [18]
· Ordered by SPS PDSCH time domain resource in a serving cell and then iterated per active serving cell index: Samsung [8], WILUS [18]
· Ordered by K1 in a serving cell (and then by SPS PDSCH time domain resource) and then iterated per active serving cell index: DCM [17]
· HARQ-ACK bit location for joint release is based on DAI in the joint release DCI: LGE [12]
· HARQ-ACK bit location for joint release is based on DAI in activation DCI for SPS PDSCH with the lowest SPS configuration index: LGE [12]
Feature lead recommendations:
Proposal: 

For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, and for type-2 HARQ-ACK codebook construction

· HARQ-ACK bit location for SPS PDSCH is derived by reusing rel-15 mechanism (i.e., appending the bits after HARQ-ACK bits for dynamic scheduled PDSCHs)   
· FFS the exact bit order of HARQ-ACK bits for SPS PDSCH
· HARQ-ACK bit location for SPS release by a separate/joint release DCI is derived by reusing rel-15 mechanism (i.e., based on DAI in the release DCI)  
	Company
	View

	Fujitsu
	Support the proposal.

	
	


· Conflicts among different multiple SPS configurations
· Process the highest priority SPS PDSCH: Spreadtrum [1], vivo [5], LGE [12], Nokia [13]

· By SPS configuration ID: Nokia [13]

· By explicit configuration by RRC: Nokia [13]

· Process the highest priority SPS PDSCH among the SPS configurations for which DMRS is detected: vivo [5]

· Reuse the handling of out-of-order PDSCH with time domain resource overlapping: CATT [6], III [15]
· Process earlier SPS PDSCH transmission for collision between different SPS configurations for the same priority: DCM [17] 
· For same priority, a UE resolves the overlapping occasions similar to PDSCH overlapping resolution for Type1 codebook generation. The UE shall expect to receive data only on resolved non-overlapping occasions: QC [16]

· Conflicts between dynamic PDSCH and SPS PDSCH 
· Clarify that DG PDSCH overrides SPS PDSCH: Nokia [13]

	The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another PDSCH scheduled in the same serving cell with CS-RNTI if the PDSCHs partially or fully overlap in time. [38.214 Section 5.1]

The dynamically allocated downlink reception overrides the configured downlink assignment in the same serving cell, if they overlap in time. Otherwise a downlink reception according to the configured downlink assignment is assumed, if activated. [38.300 Section 10.2]


· No special handling (handled by gNB): CATT [6]
Feature lead’s comment: Given the conflict handling is relevant to other AI topics, it would be better to discuss after making more progress for those topics. 
· For Rel-16, DL SPS configuration(s) can be configured at most one cell in a cell group
· Fujitsu [4]

· DL SPS skipping: vivo [5]
3. Resource conflicts between DG and CG and between multiple CGs

In RAN2#107 in Prague, the following agreements on resource conflicts between DG and CG and between CG and CG were made:

	· same prioritization solution for CG vs CG conflict and CG vs DG conflict
· Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.

· LCP restriction enhancements for DG to take into account reliability is needed, details FFS. 

· no need to define UE processing time in MAC
· The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.
· RAN2 assumes that MAC PDU recovery method in grant prioritization could be reused for PUSCH vs SR conflict.

· The case of highest priorities of two conflicting grants are equal is handled according to the following: for CG DG conflict, DG is prioritized, other cases FFS to what extent to specify.
· For the case when no PDU has been generated at all yet, and there is two grants where one will be de-prioritized (and there is data available for both grants). One PDU is generated


Some companies provide their views on resource conflicts between DG and CG and between multiple CGs, which can be summarized as below. 
· In PHY, the later MAC PDU delivered to PHY has higher priority than the earlier one if two MAC PDUs are both received from MAC
· HW [7], Nokia [13]
· Priority indicator for CG PUSCH
· Duration: vivo [5], CAICT [19]
· MCS: vivo [5], CAICT [19]
· Starting/ending symbol: vivo [5], CAICT [19]
· Periodicity: vivo [5], CAICT [19]
· When a low priority (CG or DG) PUSCH and a high priority (CG or DG) PUSCH are colliding in the time domain, the UE cancels (including stopping) the transmission of the low priority PUSCH as early as possible

· Nokia [13] (no later than the first symbol of the high priority PUSCH to be transmitted), CATT [6]
· Wait for RAN2 decision
· vivo [5]
4. TSN time synchronization aspects

In RAN1#98, there was a discussion on TSN time synchronization aspects especially about propagation delay compensation. Some companies identified remaining issues to be further discussed, which can be summarized as below:
· UE based propagation delay compensation vs. gNB based pre-compensation
· UE based propagation delay compensation: Samsung [8], Nokia [13] (UE capability)
· gNB based pre-compensation cannot be applied for broadcast based accurate reference timing delivery
· gNB based pre-compensation: Intel [11]
· Indication to RRC connected UEs via RRC that the time information was pre-compensated: Intel [11]
· Up to UE implementation in case of RRC idle UEs or no gNB pre-compensation: Intel [11]

· When to apply UE based propagation delay compensation 
· UE based propagation delay compensation is applied if configured by gNB: Nokia [13]
· Up to UE implementation: Samsung [8]
· UE to apply compensation of N_TA*T_c/2 (i.e., not considering N_{TA_offset})
· Samsung [8], Intel [11], Nokia [13]
· Finer granularity of TA command

· Intel [11]

5. Support of TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities 

The periodicity of some TSN use cases is not in multiple of NR supported periodicities for SPS or configured grant. For instance, in smart grid use cases the periodicity of data packets to be sent is 1/60 Hz or 1/1200 Hz, i.e. 16.667 ms or 0.833 ms respectively. Due to such the nature of TSC message periodicities which are not multiple of NR supported CG/SPS periodicities, the mismatch between TSN periodicity and CG/SPS periodicity would be accumulated as time goes. Thus, during IIoT study item phase, some of potential solutions have been identified in TR 38.825 as follows:

· Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)

· Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof (for SPS, support for shorter periodicities than those available in Rel-15 may be required)
· More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration, e.g. based on network configuration or dynamic network signaling and which could be based on knowledge of TSN traffic pattern

· Applying de-jittering buffer at the edges of 5G system
Correspondingly, the following consideration point is identified from inputs from companies.
· Whether/how to support non-integer multiple of NR supported periodicities

· Further study the mechanism to adjust the SPS/CG resource more efficiently

· Shorter periodicities or multiple configurations or combination thereof would cause resources wasting and processing complexity for receiver: HW [7]

· Indication of the adjustment of resource timing by dynamic signaling: HW [7]
Feature lead recommendations:
Proposed observation: 
It is RAN1 understanding that the mismatch between TSN periodicity and CG/SPS periodicity can be addressed by existing reconfiguration mechanisms in Rel-15 and other enhancements for SPS/CG (i.e., short periodicity and multiple configurations).
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Appendix: Previous relevant agreements 


RAN1#96

Conclusion:

· It is recommended to support the handling of scenario 1 as listed in R1-1814342 in the Rel-16 WI.

· It is recommended to allow the prioritization of configured grant over dynamic grant under some conditions in case of collision in scenario 2 as listed in R1-1814342 in the Rel-16 WI.

· It is recommended to support the handling of scenario 3 as listed in R1-1814342 in the Rel-16 WI.

· It is recommended to support enhancements for scenario 4 and 5 as listed in R1-1814342 in the Rel-16 WI.

Agreements:

For scenario 2 as listed in R1-1814342, in case the collision between configured grant and dynamic grant occurs in physical layer, options to determine the prioritization between configured grant and dynamic grant include at least – to be further investigated during the WI phase:

· Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.

· Note: this may or may not have any RAN1 impact

· Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization.

· It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict.

· Other options are not precluded.

RAN2#105
Agreements in RAN2
	· 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




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 configurations 


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.


RAN1#98
Agreements:

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

