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Introduction
At the RAN#83 meeting, Rel-16 NR V2X WID [1] was approved, and mode 2 sensing based resource selection is included in the WI scope as following. 
	· Resource allocation [RAN1, RAN2]
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome


In this contribution, discussion on NR sidelink mode 2 will be made and our preference will be given.
Discussion 
In this section, sensing based resource selection will be discussed, where sensing procedure, resource selection procedure, use of resource pattern and sidelink pre-emption for mode 2 will be discussed separately.
Before the detailed discussion, the concepts of sensing window and resource selection window need to be clarified. In LTE mode 4, the concepts were defined as well where sensing operation is conducted in the sensing window and resource selection occurs in the resource selection window. In NR V2X, the concepts defined in LTE V2X can be reused. For sensing window, a fixed time duration before TB arrival can be determined as sensing window. For resource selection window determination, an interval after TB arrival and bounded by packet latency requirement can be assumed. 
Proposal 1: For NR SL mode 2 sensing-based resource selection, sensing window and resource selection window concepts in LTE V2X mode 4 can be reused.
Sensing procedure 
Generally, there are two essential aspects regarding sensing procedure: 1) the resource reservation and the reservation information acquisition when UE performs sensing; 2) the sidelink measurement applied during sensing procedure. In the following the two aspects will be discussed separately. 
Resource reservation aspect
	#96 Agreements:
· 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
#96b Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X


Resource reservation for initial transmission and retransmission were discussed in previous meetings, and above agreements were reached, some further discussion about resource reservation will be discussed in this part. 
Regarding resource reservation for initial transmission of a TB, at the RAN1#96b meeting, it has been agreed that ‘reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB’, which means that a UE can use information in previous TB transmission to reserve resource for next TB transmission if quasi-periodic traffic is assumed by the UE, which is similar as LTE mode 4. 
[bookmark: _GoBack]However, if aperiodic traffic transmission is assumed, a different resource reservation method needs to be considered. UE can send reservation signalling before the initial transmission to reserve resource for it (such kind of resource reservation can be termed as ‘short-term reservation’), where an example is shown in Fig.1. When a packet arrives at t1, UE selects transmission resource within a resource selection window [t1 + ∆1, t1 + ∆2]. The time of selected resource for packet transmission is denoted as t2, and then the time of resource for reservation signaling transmission is t2-k. To enable the short-term reservation, NR V2X needs to support reservation of a sidelink resource(s) for an initial transmission of a TB by SCI associated with this TB transmission, moreover, it is preferred that a standalone PSCCH (along with the PSSCH resource in the same sub-slot&sub-channel based on PSCCH/PSSCH multiplexing option 3) resource ahead of the reserved resource(s) is used for the SCI transmission which intends to reserve resource for initial transmission of a TB. 
Proposal 2: NR V2X supports reservation of a sidelink resource(s) for an initial transmission of a TB by SCI associated with this TB transmission.
· A standalone PSCCH/PSSCH ahead of the reserved resource(s) can be used for the SCI transmission.
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Figure 1: resource reservation for initial transmission of aperiodic traffic
In the above-mentioned short-term reservation method, the resource collision among data packets is replaced by collision among the reservation signalings. The benefit of this resource reservation method comes from the small and regular size of the reservation signaling, which can reduce the collision probability compared collision among large and irregular data packets of different UEs. But the reservation signalling collision among UEs can happen as well, because multiple UEs may contend for resource(s) for reservation signalling transmission. Therefore, randomization/reduction of resource collision for reservation signalling transmission should be considered, which will be discussed in the following resource selection section. At the RAN1#96b meeting, several arguments about the short-term resource reservation based resource selection were made, based on the discussion, mainly two aspects were mentioned, i.e., half duplex issue and latency issue.
· It was discussed that additional half duplex issue may be incurred because reservation signalling occupies an additional slot. However, it should be noted that there is a trade-off between pros. and cons. of the short-term resource reservation based mechanism. It should be noted that the mitigated resource collision by the short-term reservation will bring additional performance gain, therefore, whether to support short-term reservation based resource selection should base on evaluation result.
Moreover, it should be noted that slot aggregation is a kind of resource reservation as well. That is, slot aggregation can be interpreted as that a PSCCH at the earliest slot reserves the following slot(s) and a part of TB is also transmitted on a PSSCH in the earliest slot containing the resource reservation signaling (i.e. the PSCCH). However, slot aggregation will incur more severe half duplex. Therefore, it is preferred that the reservation signaling for initial transmission is standalone, and the reserved resources should across less slots. 
· It was also discussed that short-term resource reservation based solution cannot support low latency transmission, but to our knowledge, typical V2X data transmission requires more than 10ms latency (note that 3ms latency requirement appears only in a single use case in TR22.885 [2], i.e., emergency trajectory alignment), short-term reservation based resource selection can meet such latency requirement. Moreover, if the data transmission latency is extremely high, it has been allowed to be transmitted without a reservation signaling before initial TB transmission, such exception can work inline the short-term resource reservation based resource selection.
Observation 1: Use of standalone PSCCH to reserve resource for initial transmission of a TB can reduce resource collision probability, where there would be a trade-off between resource collision mitigation and incurred half duplex issue.
Observation 2: It has been allowed that initial transmission of a TB can be performed without a standalone reservation signalling before it. Such exception can work inline the short-term resource reservation based resource selection to address TB transmission with extremely low latency requirement.
For TB retransmission, at the RAN1#96 meeting, it was agreed that reservation of sidelink resources for blind retransmission of a TB is supported, and FFS point is whether resource reservation is applied for potential retransmission based on HARQ feedback. Regarding the FFS point, we have some concern on its necessity. One shortcoming is resource waste if retransmission is not going to happen (e.g., ACK is received by TX UE). Another approach against resource reservation for potential retransmission is that UE performs resource selection again if retransmission will be performed based on HARQ feedback (e.g., NACK/DTX), this approach seems to be more straightforward.  
Observation 3: Resource reservation for potential retransmission based on HARQ feedback incurs resource waste when retransmission would not happen; Instead of reserving resource for potential retransmission, TX UE can perform resource re-selection when NACK/DTX is observed.
Sidelink measurement aspect
	#96 Agreements:
· 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


L1 SL-RSRP based on sidelink DMRS can be used as agreed in RAN1#96 meeting. One typical usage of the L1 SL-RSRP is for resource exclusion, e.g., when measured L1 SL-RSRP is above a certain threshold, the resource reserved by the SCI can be excluded from candidate resource to be selected by UE. But if SCI is not decoded, the usage of sidelink measurement is not clear currently. Therefore, whether to specify another sidelink measurement except for L1 SL-RSRP depends on further conclusion on mode 2 resource selection procedure, which can be determined if a necessity is identified.
Observation 4: For sensing procedure, the need of another SL measurement except for L1 SL-RSRP is not clear, further clarification is requisite. 
Resource selection 
	#95 Agreements:
· 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 detailed resource selection procedure, agreements made at RAN1#95 meeting and LTE mode 4 resource selection mechanism can be referred. Generally, three basic aspects can be considered for resource selection, 1) resource exclusion based on sensing result; 2) resource selection among non-excluded resource in the resource selection window; 3) trigger of resource re-selection. The three aspects will be discussed in the following.
Resource exclusion 
Resource exclusion can be used to exclude the (potential) high interfered resource(s) in the resource selection window, then UE will select transmission resource among the non-excluded resource(s) which suffers less interference. UE can perform resource exclusion based on the result from sensing procedure, if a resource is reserved by another UE and potential transmission on the resource will suffer from high interference (the measured L1 SL-RSRP on the signalling can be used to judge the interference level), then the resource can be excluded. During resource exclusion, some QoS parameter can be considered as well. In LTE V2X, packet priority can be acquired together with resource reservation information, then a SL-RSRP threshold can be determined based on the packet priority. If the measured SL-RSRP on the resource reservation signalling is above the threshold, the reserved resource will be excluded. In NR V2X, similar resource exclusion procedure as in LTE V2X can be reused, because resource reservation concept is used in NR V2X as well.  
Proposal 3: Resource exclusion from resource selection window based on sensing result is supported in NR mode 2.
Proposal 4: Resource exclusion in LTE mode 4 can be baseline for NR mode 2 resource exclusion.
· FFS: whether how to use QoS parameter, SL measurement/sensing result for resource exclusion
Resource selection
After resource exclusion, UE can select transmission resource among the non-excluded resources in the resource selection window. In LTE V2X, quasi random resource selection is used to select transmission resource, but random selection based mechanism may incur certain level of resource collision if multiple UEs select resource simultaneously, therefore further mechanism can be considered for resource collision reduction.
LBT channel assessment mechanism can be considered to mitigate resource collision due to simultaneous resource selection of multiple UEs. Before UE selects transmission resource among the non-excluded resources in resource selection window, it performs LBT channel assessment on the potentially selected resource (e.g., first few symbols per slot can be used for channel assessment, the number of channel assessment symbols can be selected via UE implementation and/or based on transmission packet priority), if the resource is still not selected by UE after listen, UE will use the resource. Based on discussion about resource reservation, resource reservation signaling instead of data transmission resource needs to be transmitted firstly, then the LBT channel assessment can be used during the resource selection for resource reservation signaling transmission.
Proposal 5: At least for resource selection for resource reservation signaling transmission, LBT channel assessment is supported during resource selection among the non-excluded resources in resource selection window.
Use of resource pattern 
Time-frequency resource pattern (TFRP) was proposed in Rel-16 NR V2X SI phase, the pattern is useful to mitigate half duplex issue among proximity-UEs. When TFRP is used as resource selection granularity in NR SL mode 2, a common resource selection procedure can be applied regardless whether resource or resource pattern is the minimum resource granularity. For example, the resource reservation signalling can be duplicated based on TFRP definition, and the resource reservation signalling can reserve multiple TFRPs for TB transmission.  
Observation 5: TFRP is useful for half duplex issue mitigation among proximity-UEs. TFRP can be applied for reservation signalling and/or TB transmission.
Proposal 6: A common resource selection procedure should be applied regardless whether resource or resource pattern is the minimum resource granularity.
Sidelink pre-emption
Sidelink pre-emption for mode 1 is discussed in companion contribution [3]. While for mode 2, sidelink pre-emption needs to be supported as well, since the requirement of multiplexing URLLC and eMBB traffic exists also for mode 2. When specify sidelink pre-emption, a common framework between mode 1 and mode 2 should be considered, at least the pre-emption signalling transmission in sidelink (if supported) and corresponding UE behaviours to perform resource pre-emption should be common among mode 1 and mode 2.
Proposal 7: Support SL pre-emption for NR SL mode 2.

Conclusion
In this contribution, SL resource allocation mode 2 have been discussed. Based on the discussion, the following proposals were made:
Proposal 1: For NR SL mode 2 sensing-based resource selection, sensing window and resource selection window concepts in LTE V2X mode 4 can be reused.
Proposal 2: NR V2X supports reservation of a sidelink resource(s) for an initial transmission of a TB by SCI associated with this TB transmission.
· A standalone PSCCH/PSSCH ahead of the reserved resource(s) can be used for the SCI transmission.
Observation 1: Use of standalone PSCCH to reserve resource for initial transmission of a TB can reduce resource collision probability, there would be a trade-off between resource collision mitigation and incurred half duplex issue.
Observation 2: it has been allowed that initial transmission of a TB can be performed without a standalone reservation signalling before it, such exception can work inline the short-term resource reservation based resource selection to address TB transmission with extremely low latency requirement.
Observation 3: Resource reservation for potential retransmission based on HARQ feedback incurs resource waste when retransmission would not happen; Instead of reserving resource for potential retransmission, TX UE can perform resource re-selection when NACK/DTX is observed.
Observation 4: For sensing procedure, the need of another SL measurement except for L1 SL-RSRP is not clear, further clarification is requisite. 
Proposal 3: Resource exclusion from resource selection window based on sensing result is supported in NR mode 2.
Proposal 4: Resource exclusion in LTE mode 4 can be baseline for NR mode 2 resource exclusion.
· FFS: whether how to use QoS parameter, SL measurement/sensing result for resource exclusion
Proposal 5: At least for resource selection for resource reservation signaling transmission, LBT channel assessment is supported during resource selection among the non-excluded resources in resource selection window.
Observation 5: TFRP is useful for half duplex issue mitigation among proximity-UEs. TFRP can be applied for reservation signalling and/or TB transmission.
Proposal 6: A common resource selection procedure should be applied regardless whether resource or resource pattern is the minimum resource granularity.
Proposal 7: Support SL pre-emption for NR SL mode 2.
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