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1
Introduction

This contribution provides NR Sidelink enhancement operating scenarios in Rel-17 which were already studied in RAN WG1 during 12 months to support NR SL enhancement such as public safety and V2X operation using sidlink. In this paper, we provide the detail sidelink enhancement service scenarios as RAN4 perspective. 
************* Start of the TP in subcluase 4 of TR 38.xxx ***************
4
Background

4.1
Justification

3GPP has been developing standards for sidelink as a tool for UE to UE direct communication required in various use cases since LTE. The first standard for NR sidelink enhancement is to be completed in Rel-16 by the work item “5G V2X with NR sidelink” where solutions including NR sidelink are being specified mainly for vehicle-to-everything (V2X) while they can also be used for public safety when the service requirement can be met. 

Meanwhile, the necessity of NR sidelink enhancement has been identified. For V2X and public safety, the service requirements and operation scenarios are not fully supported in Rel-16 due to the time limitation, and SA works are ongoing on some enhancement in Rel-17 such as architecture enhancements for 3GPP support of advanced V2X services – Phase 2 (FS_eV2XARC_Ph2) and System enhancement for Proximity based Services in 5GS (FS_5G_ProSe). In addition, other commercial use cases related to NR sidelink are being considered in SA WGs via several work/study items such as Network Controlled Interactive Service (NCIS), Gap Analysis for Railways (MONASTERYEND), Enhanced Relays for Energy eFficiency and Extensive Coverage (REFEC), Audio-Visual Service Production (AVPROD). In order to provide a wider coverage of NR sidelink for these use cases and be able to provide the radio solutions in accordance with the progress in SA WGs, it is necessary to specify enhancements to NR sidelink in TSG RAN. 

The following significant interest has been observed based on the several motivations for SL enhancements.

· Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner. Rel-16 NR sidelink is designed based on the assumption of “always-on” when UE operates sidelink, e.g., only focusing on UEs installed in vehicles with sufficient battery capacity. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized.

· Enhanced reliability and reduced latency allow the support of URLLC-type sidelink use cases in wider operation scenarios. The system level reliability and latency performance of sidelink is affected by the communication conditions such as the wireless channel status and the offered load, and Rel-16 NR sidelink is expected to have limitation in achieving high reliability and low latency in some conditions, e.g., when the channel is relatively busy. Solutions that can enhance reliability and reduce latency are required in order to keep providing the use cases requiring low latency and high reliability under such communication conditions.
While several work areas have been identified in the discussion, some important principles were also discussed regarding the 3GPP evolution for NR sidelink. In dealing with different use cases in the evolution of NR sidelink, WGs should strive to achieve maximum commonality between commercial, V2X, and Critical Communication usage of sidelink in order to avoid duplicated solutions and maximize the economy of scale. In addition, enhancements introduced in Rel-17 should be based on the functionalities specified in Rel-16, instead of designing the fundamental NR sidelink functionality again in Rel-17.

4.2
Objective

The objective of this work item is to specify radio solutions that are necessary for NR sidelink enhancement to support advanced V2X services, public safety services and other commercial use cases related to NR sidelink. In the following objectives, RAN4 should focus on the objective 4 and 6 in the approved WID [1] as below
1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 

2. Resource allocation enhancement:

· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]

· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.

· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]

· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.

· Note: RAN2 work will start after RAN#89.
3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]

· Define on- and off-durations in sidelink and specify the corresponding UE procedure

· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE
4. Support of new sidelink frequency bands for single-carrier operations [RAN4]

· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.

· The exact frequency bands are to be determined based on company input during the WI, considering both licensed and ITS-dedicated spectrum in both FR1 and FR2.
5. Define mechanism to ensure sidelink operation can be confined to a predetermined geographic area(s) for a given frequency range within non-ITS bands [RAN2].

· This applies areas where there is no network coverage.

6. UE Tx and Rx RF requirement for the new features introduced in this WI [RAN4]

7. UE RRM core requirement for the new features introduced in this WI [RAN4]

Enhancements introduced in Rel-17 should be based on the functionalities specified in Rel-16, and Rel-17 sidelink should be able to coexist with Rel-16 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-17 sidelink in a dedicated resource pool.
The solutions should cover both the operating scenario where the carrier(s) is/are dedicated to ITS and the operating scenario where the carrier(s) is/are licensed spectrum and also used for NR Uu/LTE Uu operation.
The solutions should support the network control of NR sidelink as in Rel-16, i.e., NR Uu controls NR sidelink using Layer 1 and Layer 2 signalling and LTE Uu controls NR sidelink using Layer 2 signalling.
In ITS carriers, it is assumed that any co-channel coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP.
Also, RAN4 agreed to specify additional V2X RF requirements as following 

· Left over issue in Rel-16: 

· Supporting PC2 NR SL UE RF requirements (PC2 single at n47, PC2 SL-MIMO at n47, PC2 inter-band con-current operation)

· Partial used SL operation in a carrier including n79 and other interesting bands

· Cover the Frequency separation issues and timing alignment issue
4.3
NR sidelink enhancement operating scenarios
4.3.1
General description
The NR Sidelink enhancement operating scenarios will be decribed to support advanced V2X services, public safety services and other commercial use cases. RAN4 needs to enhance RF core requirements based on operating scenarios in Rel-16 NR V2X service and the Proximity service (ProSe) in TR 36.877.

Specifically, RAN4 did not complete some open issues in Rel-16 NR V2X. Therefore the left over items will be further studied and specified into the related RF requirements in this TR.

From RAN4 RF perspective, it is necessary to study coexistence before introducing the new frequency NR band to support NR sidelink enhancement operating at a frequency adjacent to NR Uu service for advanced V2X services, public safety services and other commercial use cases in licensed spectrum.

In RAN4 #98-e meeting, RAN4 agreed not to introduce a new band for NR sidelink in FR2 since no operator proposed a FR2 NR operating band for NR sidelink.

Hence, RAN4 need to study and specify the RF core requirements for NR sidelink enhancement only in FR1 in Rel-17.
4.3.2
Operation Aspects

Operating scenarios for NR sidelink enhancement WI are as follows:

·  (Aspect 1) Operating band perspective
· Case 1: Public Safety Service

· Case 1A: Dedicated public safety licensed band such as NR Band 14

· Public safety UE only operated in out-of NW coverage.
· Case 1B: Dedicated public safety licensed band in other licensed bands
· Public safety UE operated in both in-NW coverage and out-of-NW coverage.
· Case 2: NR V2X service

· Case 2A: V2X UE in ITS spectrum (e.g. 5.9GHz (n47))

· RAN4 already evaluated in ITS spectrum in Rel-16 NR V2X WI
· Case 2B: V2X UE in FR1 licensed bands (e.g. 3.5GHz(TDD), 2GHz(FDD))

· TDD coexistence evaluated in Rel-16 NR V2X WI

· FDD coexistence need to evaluated to protect legacy system

· Case 3: Other commercial use cases
· Basic operation can be performed in NR V2X operating bands.
· If specific operating band is requested, need to add a new operating band.
· (Aspect 2) gNB deployment including network control possibility
· Case 1: Public safety Service

· Case 1A: gNB is deployed to support only public safety UE in n14
· Case 1B: gNB is deployed to support both legacy NR UE and public safety UE
· Public safety UE needs to protect the legacy NR system

· Case 1C: Communication only between public safety UE without gNB deployment
· Case 2: NR V2X service

· Case 2A: No gNB deployment scenarios based on semi-statically network-configured/pre-configured radio parameters 
· Support UE autonomous resource allocation, at least mode 2.
· Case 2B: gNB deployment scenarios 

· Providing more UE specific or/and more dynamic resource allocation including Mode 1.

· Case 3: Othercommercial use cases
· Basic NR sidelink operation can support both in-coverage network and out-of-coverage NW scenarios. 
· If identified, RAN4 need to add new operating scenarios
· (Aspect 3) Con-current operation

· Case 1: Public safety service

· Case 1A: only public safety UE operation
· Case 1B: public safety UE simultaneous operated with NR Uu in intra-band or inter-band configuration.
· Case 2: NR V2X service: 
· Case 2A: Inter-band NR V2X (at licensed bands) + LTE/NR Uu (at licensed bands)

· Case 2B: Intra-band NR V2X (at licensed bands) + NR Uu (at licensed bands)

· Case 3: Other commercial use cases
· Basic NR sidelink operation can support single carrier only.
· Support simultaneous SL operated with NR Uu in NR intra-band or inter-band.
· If identified, RAN4 need to add new operating scenarios for con-current operation.

In Rel-17 sidelink enhancement WI, the multi-carrier SL operation precluded.

Furthermore, RAN4 shall consider exact deployment scenarios and operating band planning for public saftety service, NR V2X service and other commercial SL operation.

<End of Changed>

