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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
After the discussion of the SI phase, the basic working framework of resource allocation Mode-2 has been formed [1-4], but there are still many details that have not yet been finalized. In this contribution, we first summarize progress of some key issues in SI phase and discuss potential direction of research in WI phase. Then, we put forward our considerations and possible solutions for some issues. 
Summary of basic issues for Mode-2 mechanism in NR V2X
After the SI phase, the basic outline of the NR V2X Mode-2 mechanism has already been acquired. When a data packet arrives at the MAC layer, resource selection procedure is triggered. The UE first analyzes the sensing information which is obtained in a dedicated time window, and obtains a candidate resource set in the resource selection window. Then, the UE further refines a more suitable candidate resource subset for data transmission. Based on the above framework and the agreements of the SI phase, the following items still need to be discussed in the WI phase:
· Aperiodic transmission issue
In LTE V2X, the sensing and resource selection mechanism is designed targeting for periodic transmissions, and if applied to NR V2X, the resources occupied by aperiodic transmissions may not be sensed in advance. This will cause a collision during resource selection procedure. Therefore, how to exclude the resources occupied by aperiodic transmissions is discussed in the SI phase. 
Three main methods have been discussed: reservation-based scheme [5-6], pattern-based scheme [7-8] and energy detection scheme [9]. However, which solution outperforms others requiring further performance evaluation in the WI phase. 
· Window timescale design
Compared with LTE V2X, larger bandwidth and more flexible SCS values are introduced in NR V2X, besides, variable packet size, stringent latency and reliability requirements are desired to meet, which require new window timescale designs.
· Resource granularity
In frequency domain, subchannel has been agreed as resource granularity, and in time domain, symbol-level and slot-level resource granularities are mainly proposed. However, the exact size of time/frequency granularities and how to configure them for different resource pools need further study. 
· SCI information
The SCI design of LTE V2X can be a baseline for NR V2X and enhancement on HARQ, QoS and preemption mechanisms should be considered in NR V2X.
· Sidelink measurement
The SI phase has agreed to obtain PSSCH resources information through SCI decoding. Regarding to RSSI measurement, the aperiodic transmission in NR V2X may violate the precondition of RSSI usage In LTE. An enhancement to elaborate features of aperiodic transmission is necessary.
· Blind retransmission
Mode-2 has supported the function of blind retransmission, and LTE design can be used as a baseline. Given more stringent reliability and latency requirements for NR V2X, the number of blind retransmissions and the corresponding resource allocation need to be further discussed.
Discussion
In this subsection, we will analyze three problems: window timescale design, sidelink measurement and blind retransmission.
Window timescale design
Sensing window is defined as a range in timescale among which reserved transmissions in future can be observed. Therefore, the determination of sensing window size is associated with the resource reservation period. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In LTE V2X, the maximum reservation period is selected as the sensing window size, i.e., 1000ms, to ensure that the reserved resources with all reservation periods can be excluded. However, in NR V2X, due to the introduction of aperiodic transmission, the resources occupied by aperiodic transmission cannot be excluded by sensing mechanism in LTE V2X, since the aperiodic transmission may not have reservation indication information. In order to solve this, two types of methods are proposed for further refining candidate resources: energy detection or reservation-based aperiodic transmission. The potential refining scheme can supplement sensing to further exclude occupied resources, and thus, sensing window size does not need to be set to the maximum reservation period.
In addition, NR V2X supports flexible services, for example, the packet size is variable, ranging from 50 to 12000 bytes, the latency requirement is from 3 to 100ms, and the reliability requirement is from 90% to 99.999%. To support such variable services of the system, a fixed sensing window size is not an efficient design. For example, when the transmission packet size is small, the reliability requirement is not high, and the system resource utilization is low, sensing in small window size with potential refining scheme is enough to get a collision-free resource. Given that above, a configurable sensing window size should be supported.
Proposal1：A configurable sensing window size should be supported.
Sidelink measurement
Sidelink measurement is used in sensing procedure, however, due to poor channel quality, half-duplex, and hidden nodes, the failure of SCI decoding may occur, resulting in inadequate sensing results. In order to solve this problem, three potential solutions proposed in LTE V2X and SI phase.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A. Common characteristics, i.e., periodic services, shared by transmissions can be used to predict the potential occupation of candidate resources and obtain a priority ranking for all candidate resources. For example, in LTE V2X, RSSI measurement can work well when periodic transmission is supported and the reservation period of all transmission is an integer multiple of 100ms.
B. Use complement means to refine the candidate resources obtained by SCI decoding. For example, energy measurement is used to exclude wrong candidate resources by LBT.
C. Design a resource reservation scheme which does not rely on SCI decoding, for example, the reserved resources only depend on the location of SCI, not the contents. With such design, the reserved resources can be directly obtained without SCI decoding, i.e., DMRS blind detection in pattern-based scheme [10].
Considering the pros and cons of three schemes above, two promising combinations can be summarized as follows:
Alt1: A+B. For NR V2X, the commonalities of periodic transmissions still exist, and the resources which are reserved by periodic transmissions but not identified due to SCI decoding failure can be predicted by RSSI measurement of periodic transmission. The prediction information helps to reduce the workload of energy detection, which can reduce the delay of LBT.
[bookmark: OLE_LINK3]Alt2: A+C. RSSI measurement performed in the sensing window gives a prediction for the periodic transmission with SCI decoding failure, while another round prediction can be obtained from the association between location of SCI and the reserved resources for both aperiodic and periodic transmission with SCI decoding failure. Derived from the two predictions, the priority ranking for all candidate resources will be obtained.
Proposal2: RAN 1 discusses two combined schemes: A+B and A+C for solving the issue caused by SCI decoding failure.
Blind retransmission
In RAN1 last meeting, blind retransmissions of a TB and resource reservation for them are supported in mode-2. In LTE V2X, at most one blind retransmission of a TB is supported, however, due to the high reliability requirement of NR V2X services, the number of blind retransmissions of a TB should be larger than 1. On the other hand, HARQ feedback based retransmission is also supported. To provide flexibility, UE can be enabled with blind retransmission only or HARQ retransmission only or both of them. When both of them are enabled, a small number of blind retransmissions is enough to ensure reliability. 
When a maximum allowed number of blind retransmissions is (pre-)configured or dynamically indicated, the UE can determine a blind retransmission number depending on reliability requirement, channel conditions and/or CBR/CR, etc. and reserve resources for blind retransmissions. As for resource reservation, there are two potential solutions: Option1 is that the SCI for each transmission of a TB indicates the reserved resources for all blind transmissions, which is simple for resource selection, but the indication of resource reservation is complicated. Therefore it is necessary to consider a design of simplifying the indication. Option2 is to indicate the reserved resource only for the next blind retransmission in SCI, which is simpler in terms of the indication of resource reservation. However, when a SCI is decoded, UE cannot know the resource reservation information of other retransmissions except the next retransmission, which is not beneficial to resource selection. Besides, for receiver UE some retransmissions cannot be combined when their SCIs are not detected. Therefore, NR V2X needs further discuss the resource reservation mechanism for blind retransmission. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal3: NR V2X should support the number of blind retransmissions of a TB larger than 1 and resource reservation mechanism for blind retransmission needs to be further discussed.
Conclusions
[bookmark: _GoBack]In this contribution, we discussed the resource allocation for Mode-2 for NR V2X sidelink transmission and following conclusions are proposed: 
Proposal1: A configurable sensing window size should be supported.
Proposal2: RAN 1 discusses two combined schemes: A+B and A+C for solving the issue caused by SCI decoding failure.
Proposal3: NR V2X should support the number of blind retransmissions of a TB larger than 1 and resource reservation mechanism for blind retransmission needs to be further discussed.
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Appendix: Agreements on NR sidelink mode 2 resource allocation
Agreements(94bis):
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure
Agreements(95):
· Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
· Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
· For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission
Agreements(1901AH):
· 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(1901AH):
· 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.)
Agreements(1901AH):
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 

Agreements(96):
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase
Agreements(96):
· NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase 
Agreements(96):
· Mode-2 sensing procedure utilizes the following sidelink measurement
· L1 SL-RSRP based on sidelink DMRS when the corresponding SCI is decoded
· FFS whether/which measurement is used if the corresponding SCI is not decoded e.g. SL-RSRP after blind DMRS detection, SL-RSSI
