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Introduction
In RAN #83, a new WI for 3GPP NR V2X was agreed. The objective of the WI with respect to NR V2X resource allocation is [1]:
	· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· 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
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.



In RAN1#96bis, the following agreements regarding Mode 2 resource allocation were approved for NR V2X [2]: 
	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



In RAN1#96, the following agreements regarding resource allocation mechanism were approved for NR V2X [3]: 
	Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase

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

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


In RAN1#AH1901, the following agreements regarding resource allocation mechanism were approved for NR V2X [4]: 
	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:
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 


In RAN1#95, the following agreements regarding resource allocation mechanism were approved for NR V2X [5]: 
	[bookmark: _GoBack]Agreements:
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 



In this contribution, our views on sidelink Mode 2 resource allocation are presented.
Discussions
NR V2X would support advanced V2X services beyond services supported in LTE V2X. SA1 has identified 25 use cases for advanced V2X services and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving [6]. Those advanced V2X services impose much more stringent requirements than basic services supported in LTE V2X. The advanced V2X services in NR require as low as 3ms maximum end-to-end latency for advanced driving and extended sensors, in comparison with 10ms in V2X services supported in LTE, as high as 99.999% reliability for advanced driving and extended sensors, in comparison with 95% in V2X services supported in LTE and as high as 1Gbps data rate for extended sensors, in comparison with tens of Mbps inV2X services supported in LTE [7]. It has been discussed in [8] that the stringent advanced requirements of NR V2X may not be met if LTE resource allocation mechanisms are applied to NR V2X without any improvement.
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2.1 
1.1 Sensing and resource selection
We have reached the following agreements on sensing and resource selection for Mode 2:
· In the RAN1#95 [5], it was agreed that sensing procedure in NR V2X is defined as SCI decoding from other UEs and/or sidelink measurements. 
· In RAN1#AH1901 [4], it was agreed that Mode 2 supports the sensing and resource (re)-selection procedures and SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI. 
NR V2X will support aperiodic and periodic traffic types in order to support those advanced services. Therefore, the design of NR V2X resource allocation mechanism shall be able to support all those traffic types. In contrast, LTE V2X resource sensing and selection mechanism is mainly based on assumption of periodic traffic. Specially, in LTE V2X, the UE senses the channel for past one second to exclude resources from the resource selection window. Such kind of prediction is based on both SCI decoding that can carry reservation information and RSRP/RSSI measurement. The sensing method employed in LTE V2X can be considered as a long-term sensing where the design is based on the assumption that resource is occupied by UE semi-persistently so that future resource use can be predicted based on sensing the past. In NR V2X, such long-term sensing would not be sufficient because of aperiodic traffics of NR V2X advanced services where bursty data is transmitted in unpredictable time and even varied duration of time. To accommodate aperiodic traffic well, some type of short-term sensing that senses the channel of current moment is needed. Therefore, to support varied traffic types and varied sizes in NR V2X, a resource allocation mechanism with both long-term sensing and short-term sensing for Mode 2 shall be supported. 
For Mode 2, the resource sensing procedure can consist of the following two components:
· Long-term sensing: the UE can first operate a long-term sensing. By long-term sensing, the UE can first find a set of candidate resources that are not reserved or will not be used by other UEs and also meet the latency requirement. In long-term sensing, the UE can sense the channel of past slots and use SCI decoding and RSRP measurement to exclude those resources that are reserved or will be used by other UEs in the resource selection window and thus the UE can find the set of candidate time-frequency resources that are available. Long-term sensing is based on resource(s) before the slot when resource selection is triggered.
· Short-term sensing: the short-term sensing can be operated on those candidate resources that are selected during long-term sensing. For one transmission, the UE uses all or selects some of the candidate resources at current slot that are selected as candidate resource in long-term sensing, and then performs short-term sensing on each candidate time-frequency resource at least based upon SL-RSSI. If the short-term sensing passes and the time-frequency resource is available, the UE can use that resource to transmit. If short-term sensing fails at current slot, candidate resources after the current slot can be used for short-term sensing. One implementation of short-term sensing is the UE senses the resource to be idle or busy at a random Nth symbol at current slot.
Proposal 1: NR V2X Mode 2 sensing procedure includes a long-term sensing and a short-term sensing:
· Long-term sensing is used to exclude resources that are going to be used by other UEs 
· Long-term sensing is at least based on SCI decoding and SL-RSRP measurement.
· Long-term sensing is based on resource(s) before the slot when resource selection is triggered.
· Short-term sensing is used to check whether resource(s), not excluded in long-term sensing, is available at current time
· Short-term sensing is at least based on SL-RSSI measurement.
· Short-term sensing is based on resource(s) on or after the slot when resource selection is triggered.
In Mode 2, the UE selects resources based on the resource sensing procedure that determines the availability of sidelink resources for sidelink transmission. Two resource selection schemes were discussed: semi-persistent scheme and dynamic scheme. In our view, dynamic scheme is needed to support aperiodic traffics and in dynamic scheme, based on the sensing results, the UE selects sidelink resource(s) for one-time-type transmission and the resources are only occupied by that UE one time. It can support well the aperiodic traffics. For periodic traffics, a semi-persistent scheme is needed at least, in which resource(s) are selected for multiple transmissions of different TBs and the selected resource will be occupied by that UE periodically for a given time length. Therefore, both schemes shall be supported for Mode 2 resource selection.
Proposal 2: NR V2X Mode 2 resource selection supports both semi-persistent scheme and dynamic scheme.

1.2 Sidelink measurements for sensing
In LTE long-term sensing procedures, the UE uses the PSSCH_RSRP measurement of the PSSCH associated with a decoded SCI of another UE to exclude resources that are reserved by this another UE. If the PSSCH_RSRP measurement is higher than a threshold, the reserved resource is excluded from the candidate resource sets. As we agreed, RSRP measurement is also used in NR Mode 2 sensing procedure. Besides RSRP measurement, in our view, RSRQ measurement shall be included in sensing procedure too for the following technical merits.
Consider a case when the RSRP of one resource is below a (pre)configured threshold. If the sensing UE can measure large interference on that resource, it means some other one or more UEs that are not far are also transmitting on that resource. If only RSRP measurement is used here, the resource will not be excluded from the candidate resource sets because the RSRP is below the (pre)configured threshold. But the fact is we shall exclude that resource because multiple UEs are transmitting on that resource and we shall not cause interference to them. To achieve that, RSRQ can be used to serve this purpose, which can be used to measure the interference level. 
Observation 1: Using L1-RSRQ based on sidelink DMRS in channel sensing is beneficial.
Proposal 3: Study how to include L1-RSRQ of sidelink DMRS in Mode 2 long-term sensing. 

1.3 Reservation for sidelink transmission
If short-term sensing is supported at the initial transmission, when a resource at current slot is determined to be available for use, the UE may immediately start its PSCCH/PSSCH transmission. It seems there is no need for another standalone reservation for initial transmission. If a standalone reservation signal is transmitted instead before the actual data transmission, extra latency would be incurred. Moreover, a standalone reservation signal would require a new SCI design and a new resource allocation. It may also bring potential conflict of reservation signals among UEs and fewer available candidate resources due to a shorter selection window. Evaluation results in [9] show the reservation-based resource allocation via a standalone SCI cannot achieve better performance compared with other resource allocation mechanisms for both periodic and aperiodic traffics. Therefore, we support no resource reservation for initial transmission via a standalone SCI in NR V2X.
Proposal 4: Standalone PSCCH transmissions for resource reservations are not supported. 
In LTE V2X, retransmission resources are reserved at the time when the resources are reserved for initial transmission. One benefit for resource reservation for blind retransmission(s) is that the receiver UE knows the resource for blind retransmission(s) in advance and can avoid transmission in the slot of the reserved resource due to half duplex constraints. 
In RAN1#96 meeting, blind retransmissions of a TB are agreed to be supported for SL by NR-V2X. For the same reasons, as in LTE, resource reservation for blind retransmission(s) should also be supported in the initial transmission
Proposal 5: Resource reservation for blind retransmission(s) in NR V2X is supported via SCI in the initial transmission.
For HARQ-based retransmissions, if resources for retransmissions are reserved, and HARQ ACK for a TB is received, the resources for retransmissions need to be released. Either explicit signaling has to be sent by the transmitter to release the resources reserved for retransmissions or implicitly other UEs other than the transmitter UE have to keep monitoring the HARQ-ACK/NACK intended for the TB. Consider a 10% HARQ-based retransmission probability, 90% of the HARQ-based retransmission resources need to be released either explicitly or implicitly. That would greatly increase the system complexity.
Proposal 6: Resource reservation for potential retransmissions based on HARQ feedback in NR V2X is not supported. 

LTE V2X sidelink resource allocation is mainly based upon periodic transmissions. A SCI can indicate reservation of sidelink semi-persistent resource for periodic transmissions. Other UEs can exclude reserved resources by another UE based upon reservation information extracted from SCI decoding. Similarly in NR V2X, for the same reason it would still be helpful to support SCI indicating reservation of a sidelink periodic resource for periodic transmissions. 
Moreover, in NR V2X, the packets in advanced services can be bursty with varied packet sizes. If the aperiodic packet is too large, it would need more than one PSSCH/PSCCH transmission to complete the transmission(s) of one packet. It would be beneficial if the SCI format can indicate the one-shot resource for multiple transmissions in the following slots. Other UEs can benefit from excluding reserved resources acquired from SCI decoding. A resource indication field in the SCI format can be used to indicate the sidelink resource is a periodic/semi-persistent resource for periodic transmissions or one-shot resource for aperiodic transmissions. 
Proposal 7: SCI can indicate reservation of a sidelink periodic resource for periodic transmissions or one-shot resource for multiple transmissions.
1.4 Slot aggregation
In NR Rel-15 specification stage, there is a lot of discussion on the possibility that one TB transmission spans more than one slot. It is not supported in NR Rel-15 because it will bring much higher complexity for the implementation and extra specification effort. For the same reasons, one TB transmission spanning more than one slot should not be supported in NR V2X.  
Proposal 8: NR V2X does not support one TB transmission spanning more than one slot.

1.5 Pre-emption mechanism 
NR V2X services will have different requirements, i.e., some of services are more critical to the latency other than reliability. So, introducing a pre-emption mechanism in NR V2X needs to be considered. For example, if a UE having latency critical service cannot successfully sense any candidate resource within the selection window, the UE can transmit a pre-emption indication to other UEs for occupying the candidate resource that the UE needs to use. 
For NR V2X Mode 2 resource allocation, the pre-emption indication can be transmitted at the sidelink via a pre-emption indication resource. 
Proposal 9: Mode 2 resource allocation supports pre-emption mechanism.
Conclusions
This contribution discusses NR V2X sidelink Mode 2 resource allocation mechanisms including sensing and resource selection, sidelink measurements for sensing, reservation for sidelink transmission, and pre-emption mechanism etc. The followings were observed and proposed:
Proposal 1: NR V2X Mode 2 sensing procedure includes a long-term sensing and a short-term sensing:
· Long-term sensing is used to exclude resources that are going to be used by other UEs 
· Long-term sensing is at least based on SCI decoding and SL-RSRP measurement.
· Long-term sensing is based on resource(s) before the slot when resource selection is triggered.
· Short-term sensing is used to check whether resource(s), not excluded in long-term sensing, is available at current time
· Short-term sensing is at least based on SL-RSSI measurement.
· Short-term sensing is based on resource(s) on or after the slot when resource selection is triggered.
Proposal 2: NR V2X Mode 2 resource selection supports both semi-persistent scheme and dynamic scheme.

Observation 1: Using L1-RSRQ based on sidelink DMRS in channel sensing is beneficial.
Proposal 3: Study how to include L1-RSRQ of sidelink DMRS in Mode 2 long term sensing. 
Proposal 4: Standalone PSCCH transmissions for resource reservations are not supported. 
Proposal 5: Resource reservation for blind retransmission(s) in NR V2X is supported via SCI in the initial transmission.
Proposal 6: Resource reservation for potential retransmissions based on HARQ feedback in NR V2X is not supported. 
Proposal 7: SCI can indicate reservation of a sidelink periodic resource for periodic transmissions or one-shot resource for multiple transmissions.
Proposal 8: NR V2X does not support one TB transmission spanning more than one slot.
Proposal 9: Mode 2 resource allocation supports pre-emption mechanism.
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