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Introduction

New WID scope for resource allocation
The objective of the new work item RP-190766[1] is to specify radio solutions that are necessary for NR to support advanced V2X services (except the remote driving use case which was studied in TR 38.824 [4]) and in particular, for the NR sidelink: 

Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· 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.
Several aspects of the Mode 2 resource allocation issues are listed in the TR 38.885 v2.0.0 [4]
Mode 2: UE determines, i.e. BS does not schedule, SL transmission resource(s) within SL resources configured by BS/network or pre-configured SL resources.
The definition of SL resource allocation Mode 2 covers:
a)	UE autonomously selects SL resource for transmission
b)	UE assists SL resource selection for other UE(s), a functionality which can be part of a), c), d)
c)	UE is configured with NR configured grant (Type-1 like) for SL transmission
d)	UE schedules SL transmissions of other UEs

[bookmark: _Toc3237558]Resource allocation Mode 2 supports reservation of SL resources at least for blind retransmission.

Sensing	and resource (re-)selection
Sensing- and resource (re-)selection-related procedures are supported for resource allocation Mode 2.
The sensing procedure considered is defined as decoding SCI(s) from other UEs and/or SL measurements. Decoding SCI(s) in this procedure provides at least information on SL resources indicated by the UE transmitting the SCI. The sensing procedure uses a L1 SL RSRP measurement based on SL DMRS when the corresponding SCI is decoded.
[bookmark: _Toc3237559]The resource (re-)selection procedure considered uses the results of the sensing procedure to determine resource(s) for SL transmission.
 Mode 2(a)
The study considers SL sensing and resource selection procedures for Mode 2(a), in the context of a semi-persistent scheme where resource(s) are selected for multiple transmissions of different TBs and a dynamic scheme where resource(s) are selected for each TB transmission.
The following techniques are studied to identify occupied SL resources:
-	Decoding of SL control channel transmissions
-	SL measurements
-	Detection of SL transmissions
The following aspects are studied for SL resource selection
-	How a UE selects resource for PSCCH and PSSCH transmission (and other SL physical channel/signals that are defined)
[bookmark: _Toc3237560]-	Which information is used by UE for resource selection procedure
Mode 2(c)
For out-of-coverage operation, Mode 2(c) assumes a (pre-)configuration of single or multiple SL transmission patterns, defined on each SL resource pool. For in-coverage operation, Mode 2(c) assumes that gNB configuration indicates single or multiple SL transmission patterns, defined on each SL resource pool. If there is a single pattern configured to a transmitting UE, there is no sensing procedure executed by UE, while if multiple patterns are configured, there is a possibility of a sensing procedure.
[bookmark: _Toc3237561]A 'pattern' is defined by the size and position(s) of the resource in time and frequency, and the number of resources.
Mode 2(d)
In the context of group-based SL communication, it supported for UE-A to inform its serving gNB about members UE-B, UE-C, and so on of a group, and for the gNB to provide individual resource pool configurations and/or individual resource configurations to each group member through UE-A. UE-A cannot modify the configurations, and there is no direct connection required between any member UE and the gNB. Higher-layer only signalling is used to provide the configurations. Such functionality is up to UE capability(ies).

Recent agreements
RAN1 #96 [2] meeting led to several agreements related to the resource allocation:
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

Discussions

In this section, we provide discussions and proposals for the resource allocation of sidelinks for Mode 2.

Support of Mode 2(d)

In the currently discussed Mode 2(d), it is envisioned that a UE schedules sidelink transmissions for other users. The main use case motivating the mode of operation is the Platooning use case, where a platoon of users travelling together are exchanging information. 
In RAN1#96 meeting, agreements related to Mode 2d supporting the scheduling UE to report its information to a gNB and gNB performing scheduling for the UE to relay to other members of the platoon. Yet, such feature has however been taken explicitly out of the scope of the NR V2X WID. 
This then imposes that to enable Mode 2(d), UEs should be able to schedule other UEs by itself. Considering the tight schedule of this WI and the numerous issues that still needs to be solved (definition of a hierarchy within UEs, hidden node issue, scheduling complexity on the UE side and how to ensure good/fair/efficient scheduling, security, etc.), we suggest that Mode 2(d) is not supported in this Release.

Proposal 1: NR V2X Sidelink scheduling does not support Mode 2(d) in Release 16.

Sensing procedure

Resource allocation in V2X SL Mode 2 supports the use of sensing to allow users to sense and reserve resources. In TR38.885v200 [2] it is reported: “The sensing procedure considered is defined as decoding SCI(s) from other UEs and/or SL measurements. Decoding SCI(s) in this procedure provides at least information on SL resources indicated by the UE transmitting the SCI. The sensing procedure uses a L1 SL RSRP measurement based on SL DMRS when the corresponding SCI is decoded.”

The sensing procedure then comports both listening to other device’s SCI and sending out its own SCIs. The sensing procedure design strongly impacts the scheduling flexibility and latency. Listening to information for other node’s reservation or resource allocation naturally imposes that a resource should be reserved earlier in time than the resource transmission time plus the sensing duration. Allowing reservation later in the future than the sensing window duration will lead to unexpected collisions.  In the case of semi-persistent scheduling, the resource may be taken by another user unaware of the long-term scheduling and rescheduling will be necessary. 

Proposal 2: Sidelink resources reserved through the sensing procedure cannot be reserved earlier than the resource data transmission length plus the duration of the sensing window, at least for the case of dynamic scheduling.

The duration of the sensing window conditions the latency of the packet to be delivered. To avoid conflicts, the sensing must sense the whole window, which may be out of time budget for the packet delivery. In LTE, the sensing window is up to 100ms, which is unacceptable for many applications. What QoS is needed is highly dependent on the traffic, and may vary in time or places. Thus, we support that the sensing window parameters (and particularly the duration) is a configurable parameter. 

Proposal 3: Sidelink sensing window parameter are configurable and may be dynamically or semi-statically configured.

Dynamic and semi-persistent resource selection
Resource allocation for sidelinks can be performed in two ways: dynamic and/or semi-persistent. [3]
· Dynamic scheme: sidelink PSSCH resource(s) are selected for transmission of one TB [or two TBs if supported by MIMO scheme]
· Semi-persistent scheme: sidelink PSSCH resource(s) are selected for transmission of multiple TBs
Discussions have been ongoing to decide whether the scheduling for initial transmissions and retransmissions should be dynamic only or dynamic and the following options are identified for further analysis [3]:
· Option 1: Initial transmission and retransmission(s) use dynamic scheme for resource selection
· Option 2: Initial transmission and retransmission(s) use semi-persistent scheme for resource selection
· Option 3: Initial transmission uses semi-persistent scheme and retransmission uses dynamic scheme for resource selection
· Option 4: Initial transmission uses dynamic scheme and retransmission uses semi-persistent scheme for resource selection
To avoid latency between TBs or between an initial transmission and its retransmissions, it is necessary that SPS is supported, where several TBs are scheduled at once. The scheduling could be either periodic (or based on predefined patterns) or explicitly schedule resources of various TBs.
Proposal 4: NR Sidelink should support both dynamic and semi-persistent schemes to schedule resources, in particular for the case of retransmissions.
Conclusions
This document discussed some aspects of the resource allocation for Mode 2 of sidelinks and here is a summary of the proposals:

Proposal 1: NR V2X Sidelink scheduling does not support Mode 2(d) in Release 16.

[bookmark: _GoBack]Proposal 2: Sidelink resources reserved through the sensing procedure cannot be reserved earlier than the resource data transmission length plus the duration of the sensing window.

Proposal 3: Sidelink sensing window parameter are configurable and may be dynamically or semi-statically configured.

Proposal 4: NR Sidelink should support both dynamic and semi-persistent schemes to schedule resources, in particular for the case of retransmissions.
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