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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. DL SPS enhancements
2.1. Shorter SPS periodicities than the existing ones 

As shown in TR 38.825, the periodicity of TSN can be set down to 0.5 ms. Considering the DL SPS configuration in the rel-15 NR does not support a periodicity of less than 10 ms, defining shorter periodicities would be essential for supporting such TSN traffic with the minimum required periodicity. Particularly, RAN2 sent LS to RAN1 in order to ask the feasibility regarding the below aspects:
	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


Accordingly, companies provide relevant analysis and proposals, which can be summarized as below (HW [1], Ericsson [7], vivo [22], DCM [26], CATT [29], ZTE [32], OPPO [35], LGE [45], Nokia [47], Intel [50], Samsung [51], WILUS [55]). 
· Issue 1: Periodicity of DL SPS configuration
· Down to 2 symbols: Ericsson [7], vivo [22], DCM [26], CATT [29], ZTE [32] (if time allows), OPPO [35], Samsung [51], WILUS [55]
· To achieve comparable latency with CG: Ericsson [7], CATT [29], OPPO[35]
· LTE rel-15 supports DL SPS with a minimum of 1 short TTI: Ericsson [7]
· 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: DCM [26]

· RAN2 identifies that support of even shorter periodicities (e.g. down to 2 symbols) could be useful for support of TSC traffic patterns with periodicities non-aligned with NR frame structure: ZTE [32]

· No less than 1 slot: HW [1], Intel [50], QC
· HARQ-ACK overhead, Specification efforts (SLIV incurred by short periodicity), PUCCH resource reservation, amended codebook construction

· Express DL SPS periodicities in terms of OFDM symbols rather than absolute time: Ericsson [7]
· The time duration of CP for the first OFDM symbol in every half slot is different from that for the remaining 6 symbols (need to inform RAN2)
· Issue 2: HARQ-ACK feedback if shorter periodicities than 1 slot is to be supported
· SPS PDSCH only without dynamic PDSCH
· PUCCH resource 
· Support larger PUCCH payload which can accommodate larger number of HARQ-ACK bits corresponding to several SPS PDSCHs: Ericsson [7], DCM [26], Nokia [47], Samsung [51], OPPO[35]
· In case of multiplexing of multiple SPS PDSCHs without associated DCIs, PUCCH resource is derived from the last SPS PDSCH reception associated to the HARQ-ACK codebook: DCM [26]

· Deferring HARQ-ACK until valid UL slot (or PUCCH resource): WILUS [55]
· SPS PDSCH with dynamic PDSCH
· Codebook construction
· The codebook size/bit order should be clarified for carrying HARQ-ACK bit corresponding to each SPS PDSCH: HW[1], Ericsson [7],OPPO[35]
· For type-2 codebook, either reusing the same HARQ-ACK codebook construction mechanism as in Rel.15 or placing SPS HARQ-ACK codebook after dynamic HARQ-ACK codebook for scheduled PDSCH: DCM [26]
· For type-1 codebook, due to shorter periodicity than 1 slot, there may be no SLIV corresponding to SPS PDSCH occasion, and thus enhancement to codebook determination would be needed: LGE [45], Nokia [47], Samsung [51]
· N additional HARQ-ACK bits can be added to the Type-1 codebook, where N can be calculated based on the configured SPS periodicity and the number of PUCCHs for HARQ-ACK feedback in a slot: LGE [45], Nokia [47]
· FFS on HARQ-ACK codebook construction for overlapping SPS PDSCH occasions: Nokia [47] 
· PDSCH-to-HARQ timing indication
· Multiple SPS PDSCH occasions may need to have different K1 (for TDD or subslot-based feedback): Ericsson [7], Nokia [47],OPPO[35]
· ACK skipping 
· Support: CATT [29]
· Save UL power and reduce interference
· Possible only if all SPS allocations to be acknowledged in a PUCCH resource fulfill the criteria for not reporting HARQ-ACK feedback: Nokia [47]
· HARQ-ACK skipping for scenarios with very tight latency budget: Ericsson [9]
Feature lead recommendations:
Proposal: 
Regarding Q2 in LS from RAN2, the following is captured:

· RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, and there was no identified issue in case of periodicity down to 1 slot (0.5ms for 30kHz DL SCS and above) and single SPS configuration at least for FDD and for DL SCS no larger than UL SCS with reusing rel-15 mechanism. 
· 
Proposal: 

· On the other hand, RAN1 identified the impact of HARQ-ACK feedback in case of more than periodicity shorter than 1 slot, multiple SPS configurations, and/or TDD case. RAN1 will continue to further investigate these identified issues:

· RAN1 would like to kindly inform of RAN2 that DL SPS periodicities should be expressed in terms of OFDM symbols rather than absolute time.
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	For 1 slot SPS periodicity case, HARQ-ACK feedback enhancement is also required. For TDD case, HARQ-ACK multiplexing is not avoided due to unsymmetrical UL and DL resource. Moreover, PUCCH overhead for HARQ-ACK increases significantly even for 1 slot SPS periodicity, HARQ-ACK multiplexing needs to be considered to improve PUCCH transmission efficiency.

	
	

	
	


2.2. 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, and 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 (HW [1], Ericsson [6], vivo [22], DCM [26], CATT [30], ZTE [32], OPPO [35], LGE [45], Nokia [48], Intel [50], Samsung [51]). 
· Issue 1: Conflicts among different multiple SPS configurations

· Further discussion seems necessary on whether/how to handle the conflicts: Ericsson [6], DCM [26] (check after the solutions from other collision cases are identified), CATT [30], ZTE [32], LGE [45] 

· Reuse the handling of out-of-order PDSCH with time domain resource overlapping: CATT [30], ZTE [32]

· DL SPS configuration associated with higher priority service/traffic type or with shorter K1 (PDSCH to HARQ-ACK timing) can be prioritized: LGE [45]
· If dynamic PDSCH exists, dynamic PDSCH overrides SPS PDSCH, otherwise, all SPS PDSCH needs to be blind-decoded based on DMRS. OPPO[35] 
· Issue 2: Conflicts between dynamic PDSCH and SPS PDSCH

· No special handling: CATT [30], OPPO[35]( Dynamic PDSCH always prioritizes)
· Further discussion seems necessary: ZTE [32]
· Issue 3: Joint activation/deactivation for multiple SPS configurations

· To be handled under AI 7.2.6.6 
· Issue 4: Higher layer configuration

· To be handled under AI 7.2.6.6 

Feature lead recommendations:
Proposal: 

RAN1 further discusses the necessity to handle resource conflicts among different multiple SPS configurations
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3. 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 (Ericsson [8], CATT [29], HW [42], Samsung [51]).
· Issue 1: Whether/how to support non-integer multiple of NR supported periodicities
· TSN message with non-integer multiple of NR supported periodicities can be supported by gNB implementation
· 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): Ericsson [8], CATT [29], Samsung [51],OPPO[35]
· 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 [42]

· Indication of the adjustment of resource timing by dynamic signaling: HW [42]
· Adjustment of resource timing based on knowledge of TSN traffic pattern: CATT [29]
Feature lead recommendations:
Proposal: 

RAN1 further investigates whether existing reconfiguration mechanisms in Rel-15 and other enhancements for SPS/CG (i.e., short periodicity and multiple configurations) can fully address the support for TSC message periodicities with non-integer multiple of NR supported periodicities.
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4. Resource conflicts between DG and CG

Companies have provided analysis and proposals regarding how to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCHs. From the contributions, it seems common understanding that dynamic grant PUSCH transmission does not always prioritize configured grant PUSCH transmission, especially considering the case where URLLC CG PUSCH and eMBB DG PUSCH collide in time as depicted in the below figure [20]. 

[image: image1]
For this case, some prioritization mechanism (different from rel-15) would be needed. If rel-15 behavior is always applied (i.e., DG always prioritizes over CG), URLLC CG PUSCH would be dropped by eMBB DG PUSCH, which would be undesirable. In fact, there was some relevant discussion in RAN1#96 for this scenario, and the following solutions were agreed to be further investigated during the WI phase. 
· Option 1: Priority at PHY is determined by MAC layer for the purpose of PHY prioritization 
· Option 2: Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization
· Option 3: It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict
In case MAC layer can prioritize one of UL grants between DG and CG, then only one chosen MAC PDU will be delivered to PHY. However, if one MAC PDU had been already delivered to PHY and higher priority MAC PDU arrives later, both MAC PDUs are sent to PHY and PHY layer should choose one of UL grants. Therefore, MAC layer may or may not be able to choose one UL grant between DG and CG, and the above option 1 cannot be always applied. 
If the option 2 above is considered, in case CG is dropped, gNB cannot know whether the corresponding PDU is generated and dropped or even does not exist. In this case, the data would be in HARQ buffer and a UE would lose transmission opportunity for the PDU since gNB would not trigger retransmission PUSCH for the PDU. Thus, there was observation from majority companies that MAC layer cannot always determine the prioritization between DG and CG. However, at the same time, it seem difficult to specify UE behavior that either MAC or PHY will determine the priority considering that PHY-MAC interaction or MAC processing would be highly dependent on UE implementation. 
Companies provide relevant analysis and proposals on how to resolve the resource conflicts between DG and CG, which can be summarized as below (HW [2], Ericsson [5], vivo [20], DCM [25], CATT [28], ZTE [31], LGE [44], Nokia [46], Samsung [52], Sharp [53]). 
· Issue 1: How to handle resource conflicts between DG and CG 
· MAC layer selects one UL grant between DG and CG if time permits for performing the grant selection in MAC; otherwise PHY layer selects one UL grant between DG and CG: HW [2], DCM [25], CATT [28], LGE [44], Nokia [46], Samsung [52]
· MAC layer selects one UL grant based on effective coding rate: HW [2], CATT [28]
· MAC layer selects one UL grant based on LCP: HW [2]
· MAC layer selects DG in case of same coding rate: HW [2]
· PHY layer selects one UL grant associated with MAC PDU received later: HW [2], CATT [28], LGE [44], Samsung [52]
· PHY layer selects one UL grant associated with higher PHY indicator: HW [2]
· MAC layer selects one UL grant between DG and CG: ZTE [31]
· PHY layer selects one UL grant between DG and CG: DCM [25]
· The handling of resource conflict between DG and CG should be investigated in RAN2. If needed, RAN1 work can be triggered by RAN 2: vivo [20], Sharp [53], Nokia [46]
Also, regardless of which solution to be supported, there was a discussion from contributions (Ericsson [5], Nokia [46]) on how to handle low priority PUSCH when the collision is handled. 
· Issue 2: How to handle low priority PUSCH

· Option 1: Drop/stop the low priority PUSCH without resuming
· Option 2: Stop and resume the low priority PUSCH 
Feature lead recommendations:
Proposed observation: 

In case of resource conflicts between DG and CG, MAC may or may not be able to choose one UL grant between DG and CG (e.g., timeline issue due to unexpected traffic arrival/grant reception, required processing time from MAC perspective, or absence of PDU). 
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Proposal:
In case of resource conflicts between DG and CG, 
· If only one MAC PDU is sent to PHY, PHY transmits PUSCH corresponding to the MAC PDU
· If both MAC PDUs are sent to PHY, one UL grant is chosen in PHY

· FFS on how to select one UL grant between DG and CG in PHY
· Option 1: Later received MAC PDU 

· Option 2: PHY indicator
· Option 3: Priority indicator from MAC
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Proposal:

Regardless of which solution to be supported for resource conflicts between DG and CG PUSCHs, the following options can be further taken into account for handling of low priority PUSCH. 
· Option 1: Drop/stop the low priority PUSCH without resuming
· Option 2: Stop and resume the low priority PUSCH 
· Other options are not precluded
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5. Resource conflicts between multiple CGs

Companies have provided analysis and proposals regarding how to address resource conflicts between configured grant (CG) and configured grant (CG) PUSCHs. Also similar handling can be envisioned, and thus the potential solutions can be summarized as follows:
· Issue 1: How to handle resource conflicts between CG and CG 
· MAC layer selects one UL grant between CG and CG if time permits for performing the grant selection in MAC; otherwise PHY layer selects one UL grant between CG and CG: HW [2], DCM [25], CATT [28], LGE [44], Nokia [46]
· MAC layer selects one UL grant based on effective coding rate: HW [2]
· MAC layer selects one UL grant based on LCP: HW [2]
· PHY layer selects one UL grant associated with MAC PDU received later: HW [2], CATT [28], LGE [44]
· PHY layer selects one UL grant associated with higher PHY indication: HW [2]
· MAC layer selects one UL grant between CG and CG: ZTE [31]
· PHY layer selects one UL grant between CG and CG: DCM [25]

· When multiple configured grant configurations are used to reduce latency and ensure reliability, an ongoing UL configured grant transmission including repetitions should not be interrupted by another UL configured grant configuration having new data arriving: DCM [25], ZTE [31] 

· The handling of resource conflict between CG and CG should be investigated in RAN2. If needed, RAN1 work can be triggered by RAN 2: vivo [21], Sharp [53], Nokia [46]
· If physical layer parameters are required for assisting prioritization handling, the following parameters can be further investigated: vivo [21] 

· The duration of CG PUSCH: vivo [21]
· MCS of CG PUSCH: vivo [21]
· The ending symbol of CG PUSCH: vivo [21]
· The period of CG PUSCH: vivo [21]
Also, regardless of which solution to be supported, there was a discussion from contributions (Ericsson [5], Nokia [46]) on how to handle low priority PUSCH when the collision is handled. 
· Issue 2: How to handle low priority PUSCH

· Option 1: Drop/stop the low priority PUSCH without resuming
· Option 2: Stop and resume the low priority PUSCH 
Feature lead recommendations:
Proposed observation: 

In case of resource conflicts between CG and CG, MAC may or may not be able to choose one UL grant between CG and CG (e.g., timeline issue due to unexpected traffic arrival, required processing time from MAC perspective, or absence of PDU). 

	Company
	View

	
	

	
	

	
	


Proposal:
In case of resource conflicts between CG and CG, 

· If only one MAC PDU is sent to PHY, PHY transmits PUSCH corresponding to the MAC PDU
· If both MAC PDUs are sent to PHY, one UL grant is chosen in PHY

· FFS on how to select one UL grant between CG and CG in PHY
· Option 1: Later received MAC PDU 

· Option 2: PHY indicator
· Option 3: Priority indicator from MAC
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Proposal:

Regardless of which solution to be supported for resource conflicts between CG and CG PUSCHs, the following options can be further taken into account for handling of low priority PUSCH. 

· Option 1: Drop/stop the low priority PUSCH without resuming
· Option 2: Stop and resume the low priority PUSCH 
· Other options are not precluded
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6. Other topics
In addition to the above topics, some other aspects related to URLLC enhancements have been discussed as follows (which may not be covered by other AIs):

· UE report on appearance of the strongest interfering cell for mobility enhancement: Apple [54]
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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 
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