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Introduction
In RAN#86, a work item on “NR Sidelink enhancement” was approved [1]. This work item was further updated in RAN#88-e [2] to account for the delay in starting the work item due to travel restrictions. In RAN#90-e [3], the work item was further updated to continue studying the feasibility and benefit of reliability and reduced latency enhancements of mode 2 resource allocation. In RAN1#104-e, RAN1 concluded in an LS [4] to RAN plenary that inter-UE co-ordination in mode 2 is both feasible and beneficial (e.g. for reliability). In RAN#91-e, RAN plenary decided that the RAN working groups should continue with the specification work on inter-UE co-ordination, and that no other enhancements for improved reliability and latency in mode 2 are to be pursued.
One of the objectives of the work item is to enhance the sidelink resource allocation with a dual focus:
· First, to specify resource allocation enhancements targeting reduced power consumption.
· Second, to study enhancements to mode 2 resource allocation for reliability and latency.

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.

In this contribution, we present Samsung’s views on sidelink resource allocation enhancement with inter-UE co-ordination. In our companion contribution [5], we present our detailed views on resource allocation enhancements for power savings. In our companion contribution [6], we present our detailed view on resource allocation enhancements for mode 2 targeting improved reliability and reduced latency.
Discussion
3GPP Release 16 is the first NR release to include sidelink through work item “5G V2X with NR sidelink”, the mechanisms introduced focused mainly on vehicle-to-everything (V2X), and can be used for public safety when the service requirement can be met. Release 17 extends sidelink support to more use cases through the “NR sidelink enhancement” work item [2]. The release 17 enhancements target enhancement of resource allocation targeting expansion of existing use cases such as V2X and public safety, where the service requirements and operation scenarios are not fully supported in release 16, and new use cases such as commercial applications.
The resource allocation enhancements are broadly categorized into two areas:
· The first area targets low power and low complexity applications such a vulnerable road users (VRU) and pedestrian UEs (PUE). Low power UEs have a limited energy supply, and hence should conserve power used for transmission, reception and baseband processing. Complexity can refer to hardware complexity, which is amount hardware resources needed by the UE, as well as computation complexity, which the amount of computations the UE needs to perform.
· The second area targets more advanced use cases by enhancing reliability and reducing latency based on inter-UR co-ordination.

While improving power efficiency on one hand and improving reliability and latency on the other hand are at the extreme ends of the spectrum of use cases (one requires low complexity, while the other may trade higher complexity for improved latency and reliability), yet some of the enhanced resource allocation schemes with inter-UE co-ordination, can support both areas. For example, a resource allocation scheme that uses sensing information from neighboring UEs (as an example of inter-UE co-ordination), can both reduce power and complexity, by eliminating or reducing the need for sensing in a UE when scheduling its own resources. At the same time using sensing information from neighboring UEs, provides a snapshot of the sidelink environment at the receiving UE that can enhance performance for example by avoiding some well-known problems such as hidden node and exposed node problems.
Observation 1: Enhancements to sidelink resource allocation can both reduce complexity and power as well as enhance sidelink performance.
Proposal 1: Identify basic resource allocation enhancements – based on inter-UE co-ordination –  that can both reduce complexity and power as well as enhance sidelink performance.

One target area of the release 17 resource allocation enhancements is pedestrian UEs (PUE) and vulnerable road users (VRU), these are handheld devices with low energy supply and low complexity. Therefore, the requirements for the release 17 enhanced resource allocation schemes should include:
· Low power UEs.
· UEs with reduced complexity, for example UEs with no sidelink receiver. Inter-UE coordination information can be received from the network through the Uu interface.

Proposal 2: R17 sidelink resource selection enhancements should target low power and low complexity UEs with or without a sidelink receiver.


Proposal 3: Study feasibility and benefit that a UE can receive inter-UE coordination information from the network through the uU Interface.

In release 16, the physical channel structure of the PSFCH channel has been defined. This channel has a structure similar to that of PUCCH format 0. A single bit can be conveyed by PSFCH, a value of 0 is indicated by a cyclic shift on a PSFCH resource, while a value of 1 is indicated by another cyclic shift on the PSFCH resource that is 6 cyclic shifts away from that of value 0. In release 17, we can consider expanding the use case of PSFCH to other use cases. For example, information conveyed by a PSFCH channel from a source UE to a destination UE can be used to trigger a procedure in the destination UE, or can be used to trigger a transmission of message or reception of a message in the destination UE.
A UE can transmit a PSFCH-like message to reserve a SL resource or pre-indicate its intention to transmit on a SL resource. Similarly, a UE can receive a PSFCH-like message with assistance information to trigger transmission on a SL resource. In this case, the indicators sent on PSFCH-like channels can be used for inter-UE co-ordination. Figure 1 shows an example of a SL transmission pre-indication, a UE with a SL transmission can indicate its intention to transmit on a SL resource, using a PSFCH-like channel, before its SL transmission. Figure 2 shows an example of a SL grant from a neighboring UE, using a PSFCH-like channel, that triggers a SL transmission.



[bookmark: _Ref47444353]Figure 1: SL Transmission Pre-Indication.



[bookmark: _Ref47444356]Figure 2: SL Transmission Grant.

Proposal 4: For resource allocation enhancement, study mechanisms where a UE transmits a SL resource reservation or a pre-indication of a SL transmission intention.
Proposal 5: For resource allocation enhancement, study mechanisms where a UE receives assistance information from another UE to trigger a SL transmission.
Conclusions
In this document, the following observation and proposals have been made regarding resource allocation enhancement mechanisms in release 17:
Observation 1: Enhancements to sidelink resource allocation can both reduce complexity and power as well as enhance sidelink performance.
Proposal 1: Identify basic resource allocation enhancements – based on inter-UE co-ordination –  that can both reduce complexity and power as well as enhance sidelink performance.
Proposal 2: R17 sidelink resource selection enhancements should target low power and low complexity UEs with or without a sidelink receiver.
Proposal 3: Study feasibility and benefit that a UE can receive inter-UE coordination information from the network through the uU Interface.
Proposal 4: For resource allocation enhancement, study mechanisms where a UE transmits a SL resource reservation or a pre-indication of a SL transmission intention.
Proposal 5: For resource allocation enhancement, study mechanisms where a UE receives assistance information from another UE to trigger a SL transmission.
References
[1] [bookmark: _Ref521501348][bookmark: _Ref30756422][bookmark: _Ref462779233]RP‑193231, “NR Sidelink enhancement,” RAN#86, Stiges, Spain, December, 2019.
[2] [bookmark: _Ref47110502]RP‑201385, “NR Sidelink enhancement,” RAN#88-e, e-meeting, June, 2020.
[3] [bookmark: _Ref61624505]RP-202846, “NR Sidelink enhancement,” RAN#90-e, e-meeting, December, 2020.
[4] [bookmark: _Ref68187553]R1-2102168, “LS on Mode 2 enhancements in NR sidelink”, RAN#104-e, e-meeting, February 2021.
[5] [bookmark: _Ref47105237]R1-2103257, “On Resource Allocation for Power Saving,” RAN1#104-e, e-meeting, April 2021.
[6] [bookmark: _Ref47109048][bookmark: _GoBack]R1-2103258, “On Feasibility and Benefits for Mode2 Enhancements,” RAN1#104-e, e-meeting, April 2021.


4

image2.emf
SL Tranmission

SL Transmission grant from other 

UE on PSFCH-like channel


Microsoft_Visio_Drawing1.vsdx
SL Tranmission
SL Transmission grant from other UE on PSFCH-like channel



image1.emf
SL Tranmission

SL Transmission pre-indication 

on PSFCH-like channel


Microsoft_Visio_Drawing.vsdx
SL Tranmission
SL Transmission pre-indication on PSFCH-like channel



