	
[bookmark: _GoBack]3GPP TSG RAN WG1 #96	R1-1902276
Athens, Greece, 25th February – 1st March, 2019

[bookmark: Source]Agenda item:	7.2.4.1.4
Source: 	Samsung
Title: 	On Resource Allocation Mechanisms for NR V2X
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN #80, a new SI for 3GPP NR V2X was agreed. One of the objectives of the SI with respect to NR V2X sidelink design is [1]:
	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.


In RAN1#AH1901, the following agreements regarding resource allocation mechanism were approved for NR V2X [2]: 
	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 [3]: 
	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

Agreements:
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE

Agreements:
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions

Agreements:
Initialization of Mode-2(d) operation is FFS
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
· The following options are identified:
·  Based on sensing procedure by scheduling UE
·  Configured by gNB if scheduling UE is in-coverage
·  Pre-configured if scheduling UE is out of coverage
· Transmitting UE provides information about sidelink resources to scheduling UE
· FFS behavior/algorithm of scheduling UE 
· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signaling
· Higher layer signaling
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Relationship between scheduling UE and UE groups from upper layer perspective
· Whether UEs from the same upper layer group are served by the same scheduling UE
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other submodes 

Agreements:
The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:
· Dynamic resource allocation
· Configured grant. 
· FFS whether type-1 and/or type-2 



In this contribution, we discuss some design considerations for Mode 2 sidelink resource allocation mechanism, including Mode 2-a and Mode 2-c, pre-emption mechanism, and resource allocation for retransmissions. We also present our views on the design considerations for NR V2X Mode 1 resource scheduling. 

Discussion
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 [4]. 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 for advanced driving and extended sensors, in comparison with 10ms in V2X services supported in LTE, as high as 99.999% 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 [5]. It has been discussed in [6] 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.
1.1 Mode 2-a resource allocation
1 
2 
2.1 
2.1.1 Design considerations
In the RAN1#95 [3], it was agreed that sensing procedure in NR V2X is defined as SCI decoding from other UEs and/or sidelink measurements. In RAN1#AH1901 [2], 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. Currently, we are discussing 3 sub-modes for Mode 2 resource allocation. Specifically, Mode 2-a is considered as a basic mode for UE autonomous resource selection. Mode 2-b was excluded in RAN1#95 [3] as a standalone sub-mode. Mode 2-c utilizes a set of (pre)configured TFRP patterns in order to mitigate collisions and half-duplex impacts. However, it is still unclear the performance benefits and whether it should be a standalone sub-mode. Further details are discussed in Section 2.4. In case of Mode 2-d, UE schedules sidelink transmission of other UE. However, Mode 2-d has a lot of dependency with RAN2 work and up to now there is no decision for Mode 2-d operation between RAN1 and RAN2 discussion. Therefore, we propose that Mode 2-a resource allocation is supported in NR V2X.  
Since NR V2X considers aperiodic traffic in addition to semi-persistent/periodic traffic, NR V2X resource allocation mechanism should be developed considering any kind of traffic types. LTE V2X resource selection mechanism is mainly designed for periodic traffic and long-term sensing was considered. Specifically, UEs sense the past SCI transmissions within a sensing window and exclude resources for semi-persistent/periodic transmission according to the reservation interval information carried in the SCI and sidelink measurements. However, NR V2X services can have aperiodic traffics where a burst data is transmitted at any unpredictable time and only for a short duration of time. Therefore, short-term sensing needs to be considered for aperiodic traffic. Considering different traffic types can impact on each other, a unified resource allocation mechanism for different traffic types would be a good solution. 
According to the discussion above, the general NR V2X resource allocation procedure for Mode 2-a may consist of the following two steps: 
Long-term sensing: the UE needs to find a set of candidate resources using long-term sensing that are not reserved by other UEs and meet the latency requirement. For example, the set of candidate T-F resources are obtained by excluding resources in the resource selection window reserved or being used by other UEs by decoded SCIs of these UEs. The reserved resources may be for either aperiodic or periodic traffic. 
Short-term sensing: the UE uses all or selects some of the candidate resources found in the first step, then performs short-term sensing on each candidate T-F resource. For instance, for each UE, each candidate T-F resource needs to be sensed to be idle for a number of N symbols. If a candidate T-F resource is sensed to be busy at the Nth symbol in the slot, sensing and resource selection can be suspended until next slot or after a backoff number of slots depending upon system loading and/or the UE’s priority level. If there are more than one candidate resources qualified for resource selection procedure, the UE randomly chooses some of the candidate resources. 
However, considering standardization time line, we propose that the details on the sensing and resource (re)-selection procedures are determined in the work item phase. In this regard, we propose:
Proposal 1: Mode 2-a resource allocation is supported in NR V2X and strives to introduce a unified mechanism applied for both periodic and aperiodic traffics.
· Details on the sensing and resource (re)-selection procedures are determined in the work item phase.
2.1.2 Sidelink measurements and reports
Different from LTE V2X, NR V2X supports sidelink measurements and reports and information obtained from sidelink measurements and reports may be used for resource selection procedure. 
For example, when a transmitter UE receives a NACK from a receiver UE for a TB on a resource, it can be given a lower priority to get selected in the resource (re)selection. When the UE receives an ACK from the receiver UE, it can be given a higher priority to get selected in the resource (re)selection. 
Similarly, when a UE obtained a CSI/RSRP/RSRQ report with a bad quality for a resource, it can be given a lower priority to get selected in the resource (re)selection. When the UE obtains a CSI/RSRP/RSSQ report with a good quality for the resource, it can be given a higher priority to get selected or included in the resource (re)selection. 
Proposal 2: SFCI including HARQ-ACK, CSI, RSRP and RSRQ is utilized for the sensing and resource selection procedure in NR V2X.
1.2 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. For NR V2X mode 1 resource allocation, the gNB can first indicate to the UE the scheduled resource is a pre-empted resource and allocate a pre-emption indication resource in a DCI format, and then the pre-emption indication can be transmitted at the sidelink via the allocated pre-emption indication resource.
Proposal 3: Study a pre-emption mechanism at least for Mode 2 resource allocation in NR V2X.
1.3 Resource allocation for retransmissions
The number of retransmissions can be more than one to meet the reliability requirement of NR V2X. Furthermore, retransmissions with a fixed RV sequence or a signalled RV sequence can also be studied to further improve the retransmission performance. 
Whether and how resource for all or only part of retransmissions are required to be indicated in SCIs for a same TB can be studied. If the proposed Mode 2-a resource allocation is considered, resource allocation for the initial and retransmission resources can be performed together or separately. Therefore, a same or different resource allocation procedure for the initial transmission and corresponding retransmissions may be considered for the UE.
Proposal 4: Study enhancements on retransmissions, resource allocation/indication methods for retransmissions in NR V2X. 
1.4 Mode 2-c resource allocation
Mode 2-c resource allocation utilizes a set of (pre)configured TFRP patterns and it may be beneficial to relieve a half-duplex problem. However, there are some drawbacks as follows: for out-of-coverage, single or multiple sidelink transmission patterns will be pre-configured and the pre-configured patterns cannot easily meet the varying situations in the V2X system, e.g., members in a group are changed, interference environment is changed and so on. Also, it can cause additional delay depending on the pre-configured pattern. Moreover, as shown in [7], it does not provide any performance gain over Mode 2-a resource allocation. It can be argued that there is a particular scenario where Mode 2-c may provide a benefit, e.g., an in-coverage because gNB can control the TFRP patterns. However, the main design question is whether introduction of Mode 2-c, in addition to Mode 2-a, can be justified to obtain potential gain under certain scenario.
Proposal 5: Mode 2-c resource allocation is not supported in NR V2X. 
1.5 Mode 1 resource allocation
Similar to Mode 3 in LTE V2X, the sidelink resource and transmission are scheduled by the gNB. The general procedure in Mode 1 is: a UE first sends a request to the gNB to request sidelink resource for transmission, and then the gNB can send control information (in LTE Mode 3, it is DCI format 5A) to schedule the sidelink resource to that UE.
The first challenge in Mode 1 resource allocation is ultra-low latency requirement of advanced V2X services. The services of advanced driving and extended sensors require as low as [3ms] end-to-end latency. To achieve such low latency requirement on sidelink, resource request mechanisms with short-latency are needed. In NR V2X, we can reduce the latency by using larger subcarrier spacing and then shorter slot length while the same resource request mechanism as LTE is used. However, it is still difficult to achieve the latency requirement. Some enhancement for the sidelink resource request is needed for NR V2X. See our companion contribution for more details [8]. 
The packets in advanced V2X services can be bursty with various packet size. If the size of the aperiodic packet is too large, it needs more than one slot resource to complete the transmission of the bursty packet. The resource allocation for the aperiodic packet may be performed one-shot for multiple slots by the gNB, rather than dynamically allocating a resource once for each slot. See our companion contribution for more details [8]. 
Proposal 6: For NR V2X Mode 1 resource allocation, study low-latency sidelink resource request and scheduling mechanisms.
Conclusions
This contribution discusses NR V2X sidelink resource allocation mechanisms including NR V2X Mode 2 resource selection, pre-emption mechanism and resource allocation, resource allocation for retransmission and feedback channels, and NR V2X Mode 1 resource allocation. The followings were proposed:
Proposal 1: Mode 2-a resource allocation is supported in NR V2X and strives to introduce a unified mechanism applied for both periodic and aperiodic traffics.
· Details on the sensing and resource (re)-selection procedures are determined in the work item phase.
Proposal 2: SFCI including HARQ-ACK, CSI, RSRP and RSRQ is utilized for the sensing and resource selection procedure in NR V2X.
Proposal 3: Study a pre-emption mechanism at least for Mode 2 resource allocation in NR V2X.
Proposal 4: Study enhancements on retransmissions, resource allocation/indication methods for retransmissions in NR V2X. 
Proposal 5: Mode 2-c resource allocation is not supported in NR V2X. 
Proposal 6: For NR V2X Mode 1 resource allocation, study low-latency sidelink resource request and scheduling mechanisms.
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