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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
At RAN1# AH 1901 meeting, the following agreements [1] related to NR mode 2 sidelink resource allocation were reached:
Agreements:
· Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply

Agreements:
· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 

Agreements:
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)

In this contribution, we discuss and provide our views on the sensing procedure for NR V2X sidelink mode-2 resource.

2 Mode 2 resource allocation
2.1 Sensing & resource selection
Sidelink sensing is the procedure where the UE identifies available sidelink resources for transmission. In the last meeting, RAN1 has agreed to support the sensing and resource (re)-selection procedures which include at least decoding of sidelink control channel transmissions, sidelink measurements, and detection of sidelink transmissions. Sensing can be used to avoid potential collisions not only for out-of-coverage scenario but also for in-coverage scenario, if gNB configures UE to perform mode 2 resource allocation in the resource pool. Sidelink resource selection is the mechanism where the UE selects resources for PSCCH, PSSCH, and PSFCH transmission, and UE will determine which resource to be used for transmission based on the result of the sensing procedure. Besides, UE will select the resource candidates based on received SCI, such as the information field corresponding to resource allocation or resource reservation for PSSCH. Moreover, in the last meeting, it has been agreed that the time gap between PSSCH and the associated PSFCH containing HARQ feedback is not signaled via PSCCH at least for modes 2(a)(c)(d). Hence, UE may also consider PSFCH resource for HARQ feedback as reserved resource while performing sensing according to the resource allocation of corresponding PSSCH. 
Proposal 1: Sensing and resource selection procedures of mode 2 should also consider reserved resource for HARQ feedback. 
2.1.1 LBT-like sensing
In order to fulfill latency requirement for some advanced services, such as remote driving, some companies propose to apply collision avoidance technique like listen-before-talk (LBT) where a UE performs a clear channel assessment and potentially random back-off before accessing the channel. However, random back-off may increase latency performance especially when the system overload is high. Moreover, even though LBT procedure defined for the unlicensed spectrum may be reused for sidelink carrier, the detail and feasibility are still unclear, and LBT procedure may need further discussion and enhancement on how to utilize reserved resource information and resource allocation information in SCI to assist LBT-like sensing. Considering the overhead of specification work for specifying a new LBT-like sensing for V2X operation, we propose to reuse LTE-like sensing procedure which used for the Rel-14/15 LTE-V2X sensing-based resource selection procedure with some enhancement to reduce latency, such as adaptation of the sensing window length according to service type. 
Observation 1: Applicability of LBT-like sensing procedure for V2X sensing needs to be further justified due to potentially larger latency introduced from random back-off at least for licensed band case.
Proposal 2: Suggest use Rel-14/15 LTE V2X sensing procedure as the baseline for sensing procedure of Rel-16 NR-V2X. Enhancement of Rel-16 NR-V2X sensing procedure for advanced service can be FFS. 


2.1.2 Sensing procedure for V2X 
The sensing-based resource selection procedure standardized in Rel-14/15 has several drawbacks to achieve low latency requirement for advance NR-V2X services. Hence, some enhancements to reduce latency for sensing procedure is needed if we attempt to reuse the LTE-like sensing procedure for NR-V2X. Specifically, timing granularity of sensing in LTE V2X is subframe-based, and UE may exclude some subframes when determining possible transmitting resource with in a TX resource pool if the subframes are subframes in which SLSS resource is configured, or if the subframe is subframes configured as downlink subframes or special subframes. Then, UE will only perform sensing from those remaining transmitting resources in the TX resource pool, and group a candidate resource set which satisfies RSRP and/or RSSI condition defined in specification.
However, in NR carrier/BWP, the DL/UL/flexible format can be defined per symbol level, so the rule or granularity of sensing in NR-V2X may be enhanced for compatibility with Uu symbol level format (e.g., symbol level format can be configured/indicated by TDD-UL-DL-ConfigCommon, TDD-UL-DL-dedicated in RRC signaling, or slot format indicator in DCI format 2-0). It is noted that slot format may also be changed when UE switches its active Uu and/or SL BWP to a new Uu and/or SL BWP. Therefore, resource granularity for sensing can be further discussed to be compatible with NR slot format framework. For example, UE may also consider UL symbols within special slots (i.e., flexible slot) or DL slots as candidate resource for sensing as shown in Figure 1 instead of considering only UL slots as in LTE-V2X.  
[image: ]
Figure 1. SL and Uu coexist in shared carrier in NR if only UL symbol can be used for sidelink based on slot format indicator 
Proposal 3: RAN1 needs to consider compatibility with NR Uu and QoS requirement when determining resource granularity for sensing in NR-V2X  

2.2 Discussion of mode 2-d
A mode 2-d UE schedules sidelink transmissions of other UEs, and some companies proposeed that this sub-mode can be especially useful for out-of-coverage and platooning scenario. A mode 2-d scheduling UE may possess higher capability than other UEs and it can perform scheduling functions on behalf of the gNB. There are lots of potential procedures to be designed [2], such as, how to configure or determine scheduling UEs, how to associate scheduled UEs with scheduling UEs, and how to (re)-select scheduling UE when link quality gets worse. Although mode 2-d may be beneficial to improve efficiency by using sidelink resource carrier to transmit scheduling information, the specification overhead to design specific procedure in radio-layer may be huge. Hence, we propose that at least in Rel-16 NR-V2X the procedures related to determine, (re)-select, and associate scheduled UEs to scheduling UE are deprioritized in radio-layer discussion. 
Proposal 4: RAN1 assumes that at least the following potential procedures are deprioritized in radio-layer design for Rel-16 NR-V2X communication design
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Relationship between scheduling UE and UE groups from upper layer perspective
3 Conclusions 
In this contribution, we discussed the sensing and resource allocation for mode 2 resource allocation for NR V2X sidelink transmission.   We have the following proposals: 
Observation 1: Applicability of LBT-like sensing procedure for V2X sensing needs to be further justified due to potentially larger latency introduced from random back-off, unclear behavior on how to utilize reserved resource information and resource allocation information in SCI.
Proposal 1: Sensing and resource selection procedures of mode 2 should also consider reserved resource for HARQ feedback. 
Proposal 2: Suggest use Rel-14/15 LTE V2X sensing procedure as the baseline for sensing procedure of Rel-16 NR-V2X. Enhancement of Rel-16 NR-V2X sensing procedure for advanced service can be FFS
Proposal 3: RAN1 needs to consider compatibility with NR Uu and QoS requirement when determining resource granularity for sensing in NR-V2X  
Proposal 4: RAN1 assumes that at least the following potential procedures are deprioritized in radio-layer design for Rel-16 NR-V2X communication design
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Relationship between scheduling UE and UE groups from upper layer perspective
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