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Introduction
The work item for NR sidelink enhancement was approved in RAN#86 and revised in RAN#90e [1]. The following objectives were identified in relation to resource allocation to enhance reliability and latency:

	The objective of this work item is to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases.
2. Resource allocation enhancement:
· 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].



[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Ref494465620]This contribution discusses resource allocation based on inter-UE coordination and its ability to enhance reliability, reduce latency as well as to reduce power consumption for sidelink Mode 2 UEs.

Discussion
The WID [1] defines inter-UE coordination as one of the possible resource allocation enhancement techniques to overcome the lack of inadequate sensing results. This is due to known issues such as missing sensing results because of the half-duplex constraint, partial sensing, or DRX in Rel-17. Furthermore, the well-known hidden node problem increases the chances of resource allocation collisions. Inter-UE coordination is expected to increase reliability on the sidelink, and may also reduce the power consumption of the UE. 
[image: C:\Users\rmz\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\39A4C67D.tmp]Inter-UE coordination is achieved when a UE, e.g. UE-A, shares a set of resources with another UE, e.g. UE-B, as shown in Figure 1. 

Figure 1: UE-A sends an inter-UE coordination information to UE-B.
Figure 2 shows another example how inter-UE coordination can help when two UEs are outside each other’s range. Depicted here is the well-known hidden node problem, where UE-1 and UE-2 are too far from each other and thus not within the reception range of one another. Consequently, both UE-1 and UE-2 can select interfering resources for simultaneous transmission to UE-3, resulting in a collision. Coordination of resources among these UEs can prevent such collisions and the RAN2 requirements for such a mechanism will be highlighted in the following sections.
 [image: ]
Figure 2: Depiction of resource collisions due to the hidden node problem.

These topics will also be handled in RAN1#107bis-e and are discussed in our accompanying contribution [3].

Set of Resources for Inter-UE Coordination
The WID [1] defines that inter-UE coordination is based on a “set of resources” determined by UE-A, next sent to UE-B, so that UE-B can consider the set of resources for resource selection for its own transmission.
As a first step, the term “set of resources” should be defined in the context of RAN2. For assisting in resource allocation, RAN1 agreed on the following 2 schemes for inter-UE coordination [2]:
1. Inter-UE Coordination Scheme 1: 
· The inter-UE coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the inter-UE coordination information
2. Inter-UE Coordination Scheme 2: 
· The inter-UE coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict

1. [bookmark: _Toc53583396][bookmark: _Toc53955312][bookmark: _Toc61530442]Two schemes for inter-UE coordination are agreed to be supported in RAN1 [2]. The first scheme includes two types of resource sets, first a set of preferred, and second a set of not preferred resources. The second scheme includes conflicting resources.

Container for Inter-UE Coordination Information 
One major aspects of inter-UE coordination is to define the set of resources that are transmitted by UE-A in order to assist UE-B. In RAN1#106-e [2] it was agreed for scheme 1 to define a set of preferred and non-prefered resources for UE-B transmission.
For example, in scheme 1, UE-A may send a set of preferred resources that it considers available during its sensing and resource selection procedure to UE-B, as shown in Figure 3. UE-B may then use this information to select radio resources for its intended transmission. 
[image: ]
Figure 3: Exemplary depiction of UE-B using a preferred set of resources from U-E-A.

The information for inter-UE coordination exchanged between UE-A, and UE-B can either be conveyed on physical layer, e.g., 2nd SCI, or on a higher layer., e,g, MAC-CE. At the physical layer, the processing time is expected to be higher compared to transmissions at higher layers, with limitation to the data to be transmitted. On the other hand,  more inter-UE information can be transmitted at the higher layer, e.g. MAC-CE, at the cost of higher processing time. UE-A is able to transmit more information to UE-B via the MAC-CE compared to the 2nd  SCI, which is expected to increase the reliability of the data.
Both alternatives were discussed in RAN 107e [4]. If it is agreed by RAN1 to use the MAC-CE as a container for the inter-UE coordination information, the detailed procedures and content of the MAC-CE information need to be discussed in RAN2.
[bookmark: _Toc61530705]RAN2 to discuss the details of the inter-UE coordination information conveyed by MAC-CE.

Methods for Transmission of Inter-UE Coordination Information
As sidelink transmissions are fixed in size across time and frequency, transmitting inter-UE coordination information as a separate message is very inefficient. Therefore, it is desirable to multiplex inter-UE coordination information with other data transmissions or to multiplex several inter-UE coordination information into a single transmission.
1. [bookmark: _Toc61530444]Sending inter-UE coordination information as a separate message in L2 is inefficient.
Adding inter-UE coordination information to a unicast transmission on MAC-CE is a straightforward approach. However, message handling for groupcast and broadcast scenarios needs to be further studied, especially when inter-UE coordination to different group members needs to be differentiated at the receiver side.
[bookmark: _Toc61530706]RAN2 to evaluate mechanisms to reduce the impact of resource utilization caused by transmission of inter-UE coordination information.

Triggering Conditions for Sending Inter-UE Coordination Information
The PHY sensing procedure differs depending on the transmission parameters. Among others, the priority and packet delay budget play a role in the selection process. Therefore, when UE-A selects a set of resources for UE-B, it should also perform the appropriate sensing procedure depending on the resource allocation requirements of UE-B. 
One option would be that UE-A considers a pre-configured set of parameters to identify the resources for UE-B. Another option would be that UE-A may adapt its parameters based on a coordination message received from UE-B. This coordination message may indicate the current resource allocation requirements of UE-B, e.g. to enable UE-A to adjust the sensing procedures to identify the appropriate set of resources. This is because the parameters for the sensing procedure change depending on the priority, packet delay budget, and feedback mode.
1. [bookmark: _Toc61530445]To generate the inter-UE coordination information, UE-A should consider the radio resource requirements received from UE-B.
There are two main scenarios where the inter-UE coordination information can improve the performance. In a first scenario, UE-A periodically assists UE-B in resource selection by transmitting periodically a selected set of resources to UE-B. In a second scenario, UE-A is triggered to send the inter-UE coordination information to UE-B. One example of a trigger could be the CBR level of a resource pool. Another trigger condition for UE-A could be that the reception of UE-B keeps failing, e.g. due to packet collisions caused by another UE.
[bookmark: _Toc61530707]The  following trigger conditions for inter-UE coordination could be considered:
· [bookmark: _Toc61530708]Based on metrics, e.g. the CBR
· [bookmark: _Toc61530709][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Based on events, e.g. on UE-A reception failures from UE-B.

Power Saving Aspect on Sharing a Set of Resources by Specific Type of UE
As the identification of the “set of resources” by a UE demands continuous sensing, it might not be appropriate for battery-based UEs. Continuous sensing and transmission of a set of resources is expected to increase power consumption. However, for some types of UE, e.g. Vehicular-UE (V-UE) or Roadside Unit (RSU) type UE the impact of the increased power consumption is negligible. Therefore, the decisions which UE should be a UE-A performing sensing in order to determine the “set of resources” and how often the “set of resources” should be shared can be based on the type of UE. 
1. [bookmark: _Toc61530446]Continuous sensing and sharing of set of resources for inter-UE coordination may increase the power consumption of a UE. 
[bookmark: _Toc61530710]The type of a UE (e.g. V-UE, RSU-type UE, battery-based UE) should be considered to determine UE-A and to decide whether and how often inter-UE coordination information should be shared.


Conclusion
The following observations have been made in this document:
Observation 1:	Two schemes for inter-UE coordination are agreed to be supported in RAN1 [2]. The first scheme includes two types of resource sets, first a set of preferred, and second a set of not preferred resources. The second scheme includes conflicting resources.
Observation 2: Sending inter-UE coordination information as a separate message in L2 is inefficient.
Observation 3: To generate the inter-UE coordination information, UE-A should consider the radio resource requirements received from UE-B.
Observation 4:	Continuous sensing and sharing of set of resources for inter-UE coordination may increase the power consumption of a UE.

The following proposals have been made in this document:
Proposal 1:	RAN2 to discuss the details of the inter-UE coordination information conveyed by MAC-CE.
Proposal 2:	RAN2 to evaluate mechanisms to reduce the impact on resource utilization caused by transmissions of inter-UE coordination information.
Proposal 3:	The  following trigger conditions for inter-UE coordination could be considered:
· [bookmark: _GoBack]Based on metrics, e.g. the CBR
· Based on events, e.g. on UE-A reception failures from UE-B.
Proposal 4:	The type of a UE (e.g. V-UE, RSU-type UE, battery-based UE) should be considered to determine UE-A and to decide whether and how often inter-UE coordination information should be shared.
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