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1. Introduction
This is a summary document for AI 7.2.4.1.2 Physical layer procedures, based on the contributions listed in the reference section.

2. Necessary information in physical layer
· Issue 2-1: Whether mechanism to handle collision in layer-1 ID is supported or not? In detail, company’s view and its rationale are as follows:   
· Supported by [LG,6][CATT,8][Samsung,14][Sharp,22]
· Rationale:
· To avoid wrong HARQ combining [LG,6][CATT,8][Samsung,14]
· To ensure unintended PSSCH transmissions can be filtered out [Sharp,22]
· Issue 2-2: How to derive Layer-1 ID? In detail, company’s view and its rationale are as follows:   
· Layer-1 ID is derived by upper layer ID 
· Supported by [Huawei,1][vivo,2][LG,6][CATT,8][Sharp,22][ITL,29] [Qualcomm,30][Ericsson,32] (8 companies)
· Rationale:
· SA2 agreed that the source and destination L2 IDs are provided by V2X layer to AS layer 
· Comments from [Ericsson,32]
· Discuss the size and determination of Layer-1 IDs during the WI and based on RAN2 progress.
· Comments from [Lenovo,Motorola,11]
· Layer-1 destination ID is derived by upper layer destination ID
· Layer-1 source ID is a temporary ID 
· Supported by [Lenovo,Motorola,11]
· Rationale:
· Reduced SCI field size
· Layer-1 source ID is designated by Rx UE 
· Supported by [NEC,24]
· Rationale:
· Collision avoidance in Layer-1 source ID
· Observation
· The issue of Layer-1 ID collision was raised by several companies. It was the majority view that Layer-1 ID is derived by upper layer ID.
· Proposal for agreement:
· RAN1 to further discuss how to resolve the collision of Layer-1 ID in WI phase.

· Issue 2-3: Whether some of SCI fields such as Layer-1 ID, HPN, NDI, RV are not present? In detail, company’s view and its rationale are as follows:   
· Summary of supporting company’s view/preference as follows:
· For broadcast or unicast/groupcast without HARQ feedback, SCI indicates both initial transmission resources and retransmission resources, and Layer-1 ID, HPN, NDI, and RV may not be present in SCI [CATT,8][InterDigital,21]
· For unicast/groupcast with HARQ feedback, Layer-1 ID, HPN, NDI, and RV are present in SCI [CATT,8]
· L1 destination ID is always present, HARQ process ID, RV, NDI and L1 source ID are only present for unicast/groupcast [ZTE,Sanechips,10]
· No layer-1 destination ID for broadcast [Sony,12][Samsung,14][Sharp,22]
· Full Layer-1 source and destination ID should be included in SCI [OPPO,16]
· Comments from [LG,6][CATT,8][Samsung,14]
· For asynchronous HARQ, Layer-1 ID, HPN, NDI, and RV are present in SCI for TB identification [LG,6][CATT,8]
· For broadcast, Layer-1 destination ID could be useful in that UE can distinguish interest broadcast services [LG,6]

· Observation
· Companies have divergent views on whether Layer-1 destination ID, HPN, NDI, and/or RV are present in SCI for sidelink transmission without HARQ feedback. Meanwhile, it is straightforward at least for asynchronous HARQ operation, these SCI fields need to be present for TB identification for soft HARQ combining.
· Proposal for agreement:
· For asynchronous HARQ operation with or without HARQ feedback, Layer-1 ID, HARQ process number, NDI, and RV are present in SCI. 
· At least for unicast and groupcast, UE assumes that asynchronous HARQ operation is applied.

3. Sidelink HARQ feedback
· Issue 3-1: How to determine the time gap between PSSCH and the associated PSFCH? In detail, company’s view and its rationale are as follows:
· For Mode 1, 
· the time gap is indicated by SCI 
· Supported by [vivo,2][Sony,12][Samsung,14][OPPO,16][NTT,28] (5 companies)
· Rationale:
· To reduce the slot containing PSFCH considering small number of Rx-Tx switching and coexistence between sidelink and Uu link [vivo,2] 
· Different types of services and different categories of UEs [vivo,2]
· gNB can manage resources in the sidelink [Sony,12][Samsung,14]
· the time gap is (pre-)configured 
· Supported by [Huawei,1][LG,6][CATT,8][ZTE,Sanechips,10][OPPO,16][InterDigital,21][HEPTA 7291,23][NTT,28][Qualcomm,30][Ericsson,32] (10 companies)
· Rationale:
· Beneficial in sensing operation considering resource pool shared by Mode 1 and Mode 2 operation 
· For Mode 2, (pre)configuration indicates the time gap
· Supported by [Huawei,1][LG,6][CATT,8][ZTE,Sanechips,10][InterDigital,21]
· Rationale:
· Consider UE’s decoding capability and the latency requirement 

· Observation
· Majority companies support the time gap between PSFCH and the associated PSSCH is not indicated in SCI considering potential resource sharing between Mode 1 and Mode 2 operation. 
· Proposals for the flexible time gap between PSFCH and the associated PSSCH need to consider the case where resource pool shared by Mode 1 and Mode 2 operation.
· Proposal for agreement (offline consensus):
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

· Issue 3-2: How to determine the frequency/code resource of PSFCH? In detail, company’s view and its rationale are as follows:
· The resource is indicated by SCI 
· Supported by [vivo,2][Fujitsu,7][CATT,8][Intel,19][NTT,28][ITL,29] (6 companies)
· Rationale: 
· Different types of services and different categories of UEs [vivo,2]
· Consider PUCCH resource determination in NR Uu link as a baseline [Fujitsu,7]
· Consider multiple PSSCHs are associated with the same PSFCH slot [Intel,19]
· Efficient resource utilization [ITL,29]
· The resource is implicitly given by the associated PSSCH resource 
· Supported by [LG,6][CATT,8][Sony,12][Panasonic,13][ASUSTEK,18][NTT,28] (6 companies)
· Rationale: 
· Efficient collision handling [LG,6]
· Simple PSFCH resource allocation without sensing operation [LG,6][ASUSTEK,18]
· Save SCI overhead [Panasonic,13]
· The resource is determined by Rx UE 
· Supported by [Fujitsu,7][OPPO,16] (2 companies)
· Rationale:
· Collision/interference avoidance
· Comments from [Fujitsu,7][OPPO,16][ITRI,17]
· Conveying source ID and/or destination ID in PSFCH is needed to identify the relationship between PSFCH and the associated PSSCH. 
· Comments from [Sony,12]
· PSFCH resources should be allocated by Tx UE to transmit PSFCH with no sensing operation and to ensure Tx UE identifies which UE transmit PSFCH.

· Observation
· No clear majority view was observed regarding PSFCH resource allocation in frequency/code domain.
· The decision for PSFCH resource allocation needs to consider how many PSSCH can be associated with the same PSFCH slot. 
· Companies are encouraged to continue discussion together with considering how slot containing PSFCH resource is (pre-)configured and PSFCH design.

· Issue 3-3: For groupcast HARQ feedback, whether the working assumption is confirmed or not? In detail, company’s view and its rationale are as follows: (i.e., Option 1: Receiver UE transmits only HARQ NACK, Option 2: Receiver UE transmits HARQ ACK/NACK)  
· Support only Option 1 
· Supported by [LG,6][Kyocera,9][ZTE,Sanechips,10][Panasonic,13] (4 companies)
· Rationale:
· To minimize SL HARQ feedback reporting/resource overhead (e.g., by sharing the same feedback resource among the group members) [LG,6][Kyocera,9][Panasonic,13]
· Feasible for both connection-less and connection-oriented groupcast [LG,6][ZTE,Sanechips,10]
· No need to handle DTX issue and destructive channel sum effect [Qualcomm,30]
· DTX issue is alleviated by using energy detection for PSCCH RS [LG,6]
· Destructive channel sum effect is alleviated by using randomized sequence selection per receiver UE [LG,6]
· Comments from [Samsung,14]
· The error rate of PSSCH in groupcast transmission would be low-bounded by the error rate of PSCCH
· Support only Option 2 
· Supported by [Huawei,1][OPPO,16] (2 companies)
· Rationale:
· Option 2 has no DTX problem and has no destructive sum effect if dedicated PSFCH resource for each UE is supported [Huawei,1] 
· Comments from [LG,6][ZTE,Sanechips,10]
· How to allocate dedicated PSFCH resources needs to be defined
· It is not feasible for connection-less groupcast
· Comments from [OPPO,16]
· For connection-less groupcast, feedback can be disabled and N re-transmissions can be applied by TX UE.
· Confirm the working assumption which support both Option 1 and Option 2 
· Supported by [vivo,2][MediaTek,3][Lenovo,Motorola,11][Sony,12][ITRI,17] [InterDigital,21][HEPTA 7291,23][NEC,24][Xiaomi,25][Spreadtrum,26][NTT,28][ITL,29] [Qualcomm,30][Ericsson,32] (14 companies)
· Comments from [Xiaomi,25]
· Within a group associated with the same groupcast, some portion of UEs use Option 1 while others use Option 2. 
· Comments from [Nokia,NSB,20]
· Support HARQ feedback mechanism to alleviate PSFCH resource overhead together with handling DTX issue

· Observation
· Majority companies propose to confirm the working assumption that support both Option 1 and Option 2 for groupcast.
· Proposal for agreement (discussed but no consensus reached during offline):
· Confirm the following working assumption:
· Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption

· Issue 3-4: Whether/how to support TX-RX distance based SL HARQ feedback? In detail, company’s view and its rationale are as follows:
· Supported by [LG,6][HEPTA 7291,23][Qualcomm,30] (3 companies)
· Rationale:
· For certain advanced use cases, UEs in certain range of a transmitter UE are required to receive messages more reliably than UEs which are far away from the transmitter UE 
· SA2 found that in addition to 5QI metrics, minimum communication rage is an important metric to be considered in NR V2X scenarios (TR 23.786)
· Connection-less groupcast
· Comments from [Qualcomm,30]
· System-level evaluation results shows that distance-based NACK feedback performs better than RSRP based retransmission for all UEs in the system
· The following was agreed in SA2 regarding the range:
	This solution follows the below principles when NR PC5 is the selected RAT:
· V2X Layer informs the Access Stratum (AS) Layer of the Destination L2 ID for the group communication transmission, based on group identifier provided by Application Layer;
· V2X Layer informs the Access Stratum (AS) Layer of the Source L2 ID (self-assigned by the UE) for the group communication transmission;
· V2X Layer informs the Access Stratum Layer of the communication type, and QoS parameters (including 5QI) and Range for the group communication traffic;
· NOTE 1:   Range may also be provided to AS Layer for the dynamic group communication operations, depending on RAN decisions.
· V2X Layer informs the Access Stratum Layer of the Destination L2 ID for the group communication reception;
· When V2X Layer receives no group information from Application Layer, it should then use the default mapping, e.g. derive destination L2 ID and QoS parameters (e.g. VQI) and Range based on PSID/ITS-AID mapping, and use those for the operation;
· V2X Layer coverts the Group Identifier provided by Application Layer into the Destination L2 ID, using a mechanism defined by stage 3.
· NOTE 2:   Different Destination L2 IDs may be used for different QoS levels.
· NOTE 3:   Stage 3 needs to standardize the mechanism to be used by both transmitting and receiving UE, e.g. a specific hash function.


· Not supported by [Huawei,1][Kyocera,9] (2 companies)
· Rationale:
· Range may be used as a factor to determine a group at application layer [Huawei,1]
· The receiving UEs will not need to track their positions, zone ID, etc. relative to the transmitting UEs [Kyocera,9]
· Commented from [Huawei,1]
· When no sidelink group information is provided by Application Layer, assume the service is provided using sidelink broadcast in the radio layers [Huawei,1]
· Rationale:
· A unified design for resource allocation of unicast, groupcast and broadcast transmissions can simplify both the specification and implementation.

· Observation
· No consensus was observed regarding supporting TX-RX distance based SL HARQ feedback, e.g., considering the 5QI metrics defined in SA2.
· Companies have different views on how to progress based on SA2 agreement, i.e., whether radio layer needs to support features optimized for groupcast (e.g., HARQ feedback) when the application layer does not form the receiver group or the receiver group formed by the application layer includes UEs outside the minimum required communication range. 
· Proposal for agreement
· RAN1 to discuss whether/how to fulfill the requirement on the communication range when the application layer does not form the receiver group or the receiver group formed by the application layer includes UEs outside the minimum required communication range. 

· Issue 3-5: How to report the indication of the need of SL retransmission to gNB via UL in Mode 1? In detail, company’s view and its rationale are as follows:
· Which UE sends SL retransmission indication to gNB via UL?
· Transmitter UE
· Supported by [Huawei,1][Fraunhofer,4][LG,6][Fujitsu,7][CATT,8][ZTE,Sanechips,10] [Samsung,14][CMCC,15][OPPO,16][ASUSTEK,18][Intel,19][Nokia,NSB,20][InterDigital,21][Sharp,22][NEC,24][Xiaomi,25][NTT,28][ITL,29][Ericsson,32] (19 companies)
· Rationale:
· It has no limitation on the location and status of receiver UE (e.g., idle/inactive state, out of coverage) [Huawei,1][LG,6][ZTE,Sanechips,10][OPPO,16] [ASUSTEK,18][Intel,19][Nokia,NSB,20][InterDigital,21][Xiaomi,25][Ericsson,32]
· Transferring sidelink feedback from the receiver UE over Uu link(s) and Xn interface is complicated [Huawei,1][LG,6]
· Reduce control signaling for Rx UE to transmit PUCCH [ZTE,Sanechips,10] [Ericsson,32]
· Potential misalignment on the number of HARQ-ACK bits between gNB and receiver UE [Fraunhofer,4]
· PUCCH resource determination mechanism in Uu link can be reused [LG,6][ZTE,Sanechips,10][Samsung,14][CMCC,15][ASUSTEK,18]
· Simple procedure for groupcast [Huawei,1][Fujitsu,7][Samsung,14]
· Receiver UE 
· Note that this approach may be beneficial only if both the transmitter UE and the receiver UE are served by the same gNB, and the receiver UE is in RRC-CONNECTED. 
· supported by [vivo,2][MediaTek,3][Fujitsu,7][CATT,8][Samsung,14][CMCC,15][OPPO,16] [Sharp,22][NEC,24][NTT,28][ITL,29][Convida,31] (12 companies)
· Rationale:
· Low scheduling delay [vivo,2][MediaTek,3][Fujitsu,7][CATT,8][CMCC,15] [OPPO,16][Convida,31]
· Rx UE does not need to transmit SL HARQ feedback in the sidelink [vivo,2][Fujitsu,7][CMCC,15]
· Typical scenario of Mode 1 is that both Tx UE and Rx Ue are within the coverage of the same cell [MediaTek,3]
· Which information to send 
· HARQ ACK/NACK 
· Supported by [Huawei,1][Fujitsu,7][CMCC,15][Sharp,22][Xiaomi,25][ITL,29] (6 companies)
· CSI information 
· Supported by [Huawei,1][NTT,28]
· Information for close loop power control 
· Supported by [LG,6]
· SR and/or BSR for SL transmission
· Supported by [Intel,19]
· Comments from [Huawei,1]
· SR does not help gNB to know the precise status of the sidelink transmissions
· The number of required number of resources for retransmission
· Supported by [Fraunhofer,4]
· PUSCH can used to convey the indication
· Supported by [Fujitsu,7][Xiaomi,25][ITL,29]

· Observation
· Majority companies support Tx UE sends an indication to gNB to indicate the need for retransmission.
· It is common understanding that the retransmission indication is sent by Tx UE at least for following cases 
· Tx UE and Rx UE are not served by the same gNB, or 
· Rx UE is not in RRC_CONNECTED mode, or
· Groupcast
· Proposal for agreement (offline consensus):
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, in the form of SR/BSR.
· RAN1 continues discussion on whether to support report from the receiver UE.
· No inter-BS communication will be considered.

· Issue 3-6: Whether or not to support additional condition to disable SL HARQ feedback when (pre-)configuration enables SL HARQ feedback. In detail, company’s view and its rationale are as follows:
· Summary of supporting company’s view/preference as follows:
· Congestion level [LG,6][Sony,12][Intel,19][InterDigital,21][Sharp,22][NEC,24][Qualcomm,30] (7 companies)
· Rationale:
· since feedback itself may consume resources, it may be disabled in some cases to improve system performance
· QoS parameter [LG,6][CATT,8][Sony,12][Samsung,14][Intel,19] [InterDigital,21] (6 companies) 
· Rationale:
· Traffic types or services may be realized by mapping particular QoS attribute combinations to enabling/disabling HARQ
· Comments from [LG,6]
· RAN1 can send an LS to RAN2 to ask them to consider the possibility of supporting TX-RX distance based SL HARQ feedback using the physical layer procedure which decides the transmission of SL HARQ feedback based on Layer-1 ID(s) included in SCI.
· RSRP/CQI level [MediaTek,3][Kyocera,9]
· Packet type [Samsung,14]
· Group size for groupcast [InterDigital,21]
· Not supported by [Huawei,1][vivo,2]
· Rationale
· Changes in HARQ operation are handled by re-configuration [Huawei,1][vivo,2]

· Observation
· Majority companies support additional condition to disable SL HARQ feedback when (pre-)configuration enables SL HARQ feedback based on congestion level and/or QoS parameters.
· Proposal for agreement:
· When (pre-)configuration enables SL HARQ feedback, SL HARQ feedback is actually used only when certain condition is met. The condition is based on at least congestion level and QoS parameters.
· Details are discussed in WI. 

· Issue 3-7: Whether to support SL HARQ feedback per CBG? In detail, company’s view and its rationale are as follows:
· Supported by [vivo,2][Fraunhofer,4][Fujitsu,7][Samsung,14][InterDigital,21][Ericsson,32] (6 companies)
· Rationale:
· Useful for very large TB size [vivo,2][Ericsson,32] 
· Different CBG may experience different interferences due to the high time selectivity [Fraunhofer,4][Fujitsu,7][Ericsson,32]
· Resource efficiency for retransmission [Samsung,14][InterDigital,21]
· Not supported by [CATT,8][Panasonic,13] (2 companies)
· Rationale:
· CBG based feedback will make the retransmission very complicated as each Rx UE may have different feedback situation for transmitted CBGs due to different radio link [Panasonic,13]
· For groupcast, gain of CBG-based HARQ operation is not clear comparing with TB-based HARQ feedback [CATT,8]
· Large feedback overhead [Panasonic,13]

· Observation
· Majority companies support CBG-based HARQ feedback and retransmission at least for unicast. 
· For groupcast, no clear majority is observed that whether support CBG-based HARQ feedback and retransmission. 
· CBG-based operation may have impact on SCI design and PSFCH design. Also the design needs to firstly consider the solution to be used for non-CGB-based case.
· Companies are encouraged to consider CBG-based operation aspects for SCI design and PSFCH design. 

· Issue 3-8: How to handle PSFCH resource in resource pool? In detail, company’s view and its rationale are as follows:
· Summary of company’s view/preference as follows: 
· Further study is necessary on the following cases in terms of managing resource pool for PSFCH [LG,6]
· Option 1: Pool separation between PSFCH-enabled and -disabled pool 
· Option 2: SL transmission with PSFCH and SL transmission without PSFCH are multiplexed in the same pool
· System-wise PSFCH resource management [Kyocera,9][Sony,12][Intel,19][Qualcomm,30] (4 companies)
· Rationale: 
· To save resource reserved for PSFCH transmission and to mitigate half-duplex constraint [Sony,12][Intel,19][Qualcomm,30]
· Different QoS requirement [Kyocera,9]
· Presence of PSFCH in a slot is signalled in the SCI associated with the corresponding data transmission [Ericsson,32]
· Rationale: 
· Resources reserved for PSFCH can be used for PSSCH transmission to increase resource efficiency.

· Observation
· Companies discussed how to manage PSFCH slot/resource in the perspective of network resource utilization. 
· Companies are encouraged to continue to discuss how network manage PSFCH slot/resource in a resource pool considering coexistence between PSFCH-enabled and PSFCH-disabled operations, and network resource utilization efficiency. 

4. Sidelink power control
· Issue 4-1: How to support SL pathloss-based open-loop power control? In detail, company’s view and its rationale are as follows:
· How to derive SL pathloss
· Tx UE estimate the pathloss based on RSRP reported by Rx UE [Huawei,1][LG,6][Samsung,14][Intel,19][Ericsson,32] (5 companies)
· Rationale:
· Tx UE already knows the transmit power of RS used for RSRP measurement without signaling
· Tx UE estimate the pathloss based on RSRP measured by Tx UE and the configured or indicated transmit power of RS used for RSRP measurement [LG,6] [ZTE,Sanechips,10][Samsung,14][Ericsson,32] (4 companies)
· Rationale: 
· Reuse the same principle of Uu link 
· Comment from [LG,6][ZTE,Sanechips,10][Samsung,14]
· The Tx power of the signal used for SL pathlosss estimation needs to be signaled in the sidelink.
· Rx UE estimate the pathloss based on RSRP measured by Rx UE and Rx UE reports the derived pathloss [Spreadtrum,26]
· SL pathloss-based open-loop power control is applicable to groupcast
· Supported by [Huawei,1][vivo,2][LG,6][Samsung,14][InterDigital,21][HEPTA 7291,23][NEC,24] [Convida,31][Ericsson,32] (9 companies)
· Rationale: 
· Efficient power usage and reduce interference to the sidelink 
· SL pathloss-based open-loop power control is applicable to broadcast
· Supported by [Samsung,14]
· Rationale: 
· Efficient power usage and reduce interference to the sidelink 
· How to inter-work between SL pathloss-based open-loop power control and DL pathloss-based open-loop power control when both pathloss are enabled
· Take into account both DL pathloss and SL pathloss simultaneously for open-loop power control [LG,6][Convida,31] (2 companies)
· Rationale:
· Optimize SL Tx power together with interference reduction 
· Whether DL pathloss or SL pathloss is used for open-loop power control is configurable [OPPO,16]
· Rationale:
· Either UL reception or V2x service is protected based on the selected opne-loop power control. 

· Observation
· Majority companies supports open-loop power control based on the pathloss between Tx UE and Rx UE for groupcast. 
· Companies discussed how to derive the pathloss between Tx UE and Rx UE. 
· When both DL pathloss and SL pathloss are enabled, which pathloss is used for open-loop power control is discussed. 
· Companies are encourage to continue to discuss whether SL pathloss-based open-loop power control is supported for groupcast considering how the SL pahtloss is derived in unicast. 
· Companies are encourage to continue to discuss how to perform open-loop power control when both the open-loop power control based on the pathloss between TX UE and gNB and the open-loop power control based on the pathloss between TX UE and RX UE are enabled.
· Proposal for agreement (offline consensus):
· For sidelink power pathloss used for sidelink power control,
· RS used for the estimation of the sidelink pathloss
· Option 1: Transmitted by TX UE
· Option 2: Transmitted by RX UE

· Issue 4-2: Whether or not to support SL closed-loop power control based on dynamic indication to change transmit power? In detail, company’s view and its rationale are as follows:
· Supported by [vivo,2][Fraunhofer,4][ASUSTEK,18][InterDigital,21][HEPTA 7291,23][NTT,28] (6 companies)
· Rationale:
· Interference mitigation [vivo,2][InterDigital,21] 
· Improved spectral efficiency and robustness of SL communications [Fraunhofer,4][ASUSTEK,18][InterDigital,21][HEPTA 7291,23]
· Comments from [vivo,2]
· In [vivo,2] evaluation result, close-loop power control with L1 TPC feedback outperforms than without power control in terms of PRR. (i.e., a receiver UE suffering severe interference would inform the aggressor via a TPC-like L1 feedback)
· Not supported by [Samsung,14][Intel,19] (2 companies)
· Rationale: 
· To keep consistent resource selection decisions [Samsung,14]
· Inaccurate closed-loop power control due to the fast-changing and dynamic interference environment in V2X communication [Intel,19]

· Observation
· More companies support closed-loop power control based dynamic indication to change transmit power, e.g. TPC for improved spectral efficiency and interference mitigation. But it seems necessary to clarify which entity can control transmit power of which channel.
· It is commented that dynamic power change can have impact on sensing operation.
· Companies are encouraged to continue to discuss whether or not to support closed-loop power control considering the impact on sensing operation.
· Proposal for conclusion
· For closed power control, the following options are further discussed:
· Option 1: gNB sends transmit power command
· Option 2: Data Tx UE sends transmit power command (e.g., for power control of PSFCH)
· Option 3: Data Rx UE sends transmit power command (e.g., for power control of PSCCH/PSSCH)

5. Sidelink CSI acquisition
· Issue 5-1: How to design long-term measurement of sidelink signal. In detail, company’s view and its rationale are as follows:
· Note that long-term measurement means a measurement with L3 filtering.
· The purpose of this measurement on top of the open-loop power control
· Link management
· Supported by [LG,6]
· QoS prediction
· Supported by [LG,6]
· Initial Tx parameter setting
· Supported by [LG,6]
· Which metric is used for this measurement
· RSRP
· Supported by [vivo,2][LG,6][ZTE,Sanechips,10][Samsung,14][InterDigital,21][HEPTA 7291,23]
· RSSI
· Supported by [vivo,2]
· RSRQ
· Supported by [LG,6]

· Observation
· Companies discussed further details on long-term measurement such as the purpose of the measurement, and the measurement metric. 
· Majority companies support RSRP for long-term measurement.
· Companies are encourage to continue to discuss the purpose of the long-term measurement on top of open-loop power control and how to measure/report it. 
· Proposal for agreement:
· Support at least RSRP for long-term measurement and report. 

· Issue 5-2: Whether or how to design short-term measurement of sidelink signal where L3 filtering is not applied. In detail, company’s view and its rationale are as follows:
· Not supported by [LG,6][Qualcomm,30]
· Rationale:
· Unclear benefits of having short-term channel quality measurement 
· Comments from [CATT,8]
· The co-channel interference for NR V2X is dynamic and varies in time. It is very challenged to be estimated accurately.
· Supported by [Huawei,1][vivo,2][CATT,8][ZTE,Sanechips,10][Samsung,14][InterDigital,21] [Spreadtrum,26][Ericsson,32]
· Rationale:
· Improved spectral efficiency [Huawei,1][vivo,2][ZTE,Sanechips,10][Samsung,14] [Spreadtrum,26][Ericsson,32]
· Fluctuation on pathloss due to Tx UE and Rx in motion [CATT,8]
· Comments from [Huawei,1]
· Link level evaluation results show that the appropriate channel estimation accuracy/throughput can be achieved by adjusting the CSI feedback periodicity and close-loop MIMO with feedback can outperform open-loop MIMO in terms of throughput
· System level evaluation results assuming resource allocation mode 1 where interference level is stabilized by gNB show that closed-loop MIMO can outperform open-loop MIMO in terms of PRR, throughput, and PIR in modified periodic/aperiodic traffic model. 
· Comments from [Ericsson,32]
· Link level evaluation results show that using RI, wideband PMI and CQI reports, joint CL-MIMO and LA scheme provides clear throughput gain compared to open-loop RPS schemes in LOS scenarios.
· The purpose of this measurement 
· Closed-loop MIMO operation
· Supported by [Huawei,1][vivo,2][Samsung,14][Ericsson,32]
· Adaptation on modulation and coding scheme
· Supported by [Huawei,1][vivo,2][Samsung,14][Ericsson,32]
· Beam management
· Supported by [Huawei,1][vivo,2][ZTE,Sanechips,10][InterDigital,21][HEPTA 7291,23][Spreadtrum,26]
· Comments from [AT&T,5][OPPO,16]
· A wide beam antenna panel can work well in the range of 300meters for V2X communication
· Open-loop power control
· Supported by [CATT,8]
· Which RS is used for this measurement
· Dedicated RS for this measurement
· Supported by [vivo,2][AT&T,5][CATT,8]
· DMRS of PSCCH and/or PSSCH
· Supported by [Intel,19]
· Comments from [Intel,19]
· Link-level evaluation results shows that throughput performance of DMRS-based measurement is comparable with ideal case. 
· Which metric is used for this measurement
· CQI
· Supported by [Huawei,1][vivo,2][Samsung,14][InterDigital,21]
· RI, PMI
· Supported by [Huawei,1][vivo,2][Samsung,14][InterDigital,21]
· CRI/SRI
· Supported by [Huawei,1][Samsung,14][InterDigital,21][HEPTA 7291,23]
· L1-RSRP
· Supported by [Huawei,1][vivo,2][CATT,8][Samsung,14][Spreadtrum,26]
· Doppler spread and delay spread
· Supported by [Huawei,1]
· Interference condition
· Supported by [MediaTek,3]

· Observation
· Majority companies support short-term measurement which does not apply L3 filtering for open/closed-loop MIMO and adaptive modulation and coding scheme. 
· No clear majority is observed for other purposes such as beam management. 
· It is commented that it is challenging to estimate the interference accurately since interference can be dynamically fluctuated in V2X environment.
· Evaluation results show that short-term measurement is beneficial under the condition where no interference model is emulated (link-level evaluation) or interference is relatively stabilized (Mode 1 operation). In addition, for system-level evaluation, periodic/aperiodic traffic profile used for the evaluation is modified to be more challenging compared to the agreed evaluation assumption. 
· Proposal for agreement
· Support short-term measurement and report in the scenarios where the interference is relatively stabilized, e.g., in mode 1. 
· At least the following is supported for CSI reporting
· CQI
· RI
· PMI
· FFS which channel is used for report

6. Sidelink multi-antenna transmission scheme
· Issue 6-1: Whether/how to support multi-antenna transmission scheme at least for the purpose of supporting high data rate and reliability in sidelink operation?
· Summary of company’s view:
· Open-loop MIMO scheme (e.g., SFBC, pre-coder cycling)
· Supported by [Huawei,1][vivo,2][MediaTek,3][ZTE,Sanechips,10][OPPO,16] [Nokia,NSB,20][HEPTA 7291,23][NEC,24] (8 companies)
· Comments from [MediaTek,3]
· Link-level evaluation results show that pre-coder cycling with smaller DMRS overhead outperforms SFBC. 
· Closed-loop MIMO scheme
· Supported by [Huawei,1][vivo,2][ZTE,Sanechips,10][Samsung,14][Nokia,NSB,20][HEPTA 7291,23][NEC,24][Ericsson,32] (8 companies)
· Note that support of closed-loop MIMO scheme depends on whether to introduce the sidelink short-term channel quality measurement/feedback
· MU-MIMO scheme
· Supported by [Samsung,14]

· Observation
· Majority companies supports open-loop MIMO and closed-loop MIMO to improve spectral efficiency and to mitigate interference to other UEs. 
· This issue is to be discussed with section 5. 


7. Others
· The following issues are commented from companies:
· It is supported to convey SFCI via PSSCH in sidelink [vivo,2][Fujitsu,7]
· Rationale:
· Multiplexing different sorts of CSI feedbacks, as well as HARQ-ACK from variable HARQ processes may complicate the design of PSFCH
· Both HARQ-ACK and data can be transmitted to the same UE in a slot.
· UE capability negotiation should take into account the limitation of UE processing capability and hardware resource [vivo,2]
· Rationale:
· It is not possible for a UE to set up a large number of unicast or groupcast connections, while still maintains the QoS requirements.
· Unicast, groupcast and broadcast transmissions can be multiplexed in the same resource pool [vivo,2][InterDigital,21]
· Rationale:
· Efficient resource utilization
· The mechanism for the switch between mode 1 and mode 2 should be supported [MediaTek,3]
· Rationale:
· For service continuation, mode 2 can serve as a fallback mode for resource allocation
· NR supports the hybrid SL HARQ retransmission mechanism by selecting gNB or the transmitter UE to perform retransmission [MediaTek,3]
· Rationale:
· Efficient HARQ retransmission in SL communication
· Further study is necessary on how to handle SL TX power difference depending on the position of in-coverage TX UE (e.g., TX resource pool separation based on DL RSRP), when OLPC based on DL PL between TX UE and gNB is enabled [LG,6]
· Rationale:
· In-band emission problem
· Support resolving intra-UE collisions based on prioritization using QoS attributes [Intel,19]
· In case of unicast operation, support sidelink RX assistance (SG-SCI) sent in response to Standalone PSCCH, and/or PSCCH scheduling PSSCH [Intel,19]
· Rationale:
· To resolve hidden-node problem
· Retransmission resources is indicated/reserved by SCI for HARQ feedback-based retransmission [Intel,19]
· Procedure relevant to scheduler UE-based operation is needed [AT&T,5][NTT,28]
· Either or both of followings is supported for PSFCH transmission to address half duplex issue [Panasonic,13]
· Repetition of PSFCH
· Priority rule is considered to solve collisions due to half duplex
· Study sidelink power headroom reporting [Spreadtrum,26]
· Rationale:
· gNB can use the sidelink power headroom reports (SL-PHRs) to determine how much more sidelink transmission resources per slot a V2X UE is capable of using
· NR V2X consider to support or use self-contained frame structure within Channel Occupancy Time (CoT), in order to support bi-directional communications [Apple Inc.,27]
· NR V2X consider design physical layer procedures to support the measurement and link adaption feedback for group members in order to optimize the leader selection [Apple Inc.,27]
· Consider SL slot aggregation for SL data transmission and corresponding HARQ feedback, and SL HARQ-ACK multiplexing, repetition and/or bundling [ITL,29]
· Pathloss between a TX UE and other special UE(s) may also be studied for the open-loop power control [Convida,31]
· Rationale:
· Mitigating the interference to other special UEs such as RSU, lead UE, synchronization source UE, scheduling UE
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Appendix: Previous agreements and conclusions
Agreements (RAN1#94):
· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.

· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.
· ID
· Groupcast: destination group ID, FFS: source ID
· Unicast: destination ID, FFS: source ID
· HARQ process ID (FFS for groupcast)
· RAN1 can continue discussion on other information

· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme

Agreements (RAN1#94bis):
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios

· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario

· Sidelink control information (SCI) is defined.
· SCI is transmitted in PSCCH.
· SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
· NDI, if defined, is a part of SCI.
· Sidelink feedback control information (SFCI) is defined.
· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
· FFS how to include other feedback information (if supported) in SFCI.
· FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
· FFS in the context of Mode 1:
· whether/how to convey information for SCI on downlink
· whether/how to convey information of SFCI on uplink

Conclusion (RAN1#94bis):
· To update the TR 37.885 by replacing “multicast” by “groupcast”

Agreements (RAN1#95):
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.

· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG

· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded

· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.

· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use

Agreements (RAN1 Ad-hoc1901):
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1

· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS

· R1-1901463(TP for TS38.885) is agreed.

· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback

· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed

· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast

Working assumption (RAN1 Ad-hoc1901):
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption


