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1	Introduction
In this paper, details regarding enhancements for mode 2 resource allocation with the objective of achieving a higher reliability and lower latency are discussed. As indicated in the WID for sidelink (SL) in Rel-17 [1], the focus is on enhancements compatible with the functionalities specified in Rel-16, and therefore, Rel-17 SL UEs can operate jointly with Rel-16 sidelink in the same resource pool.
	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.
· Study the feasibility and benefit of 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 if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· 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 study scope after RAN#90 is to be decided in RAN#90.
· 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].



This contribution discusses the high-level concepts regarding the inter-UE coordination mechanism to be defined in RAN1 WG along with the benefits this procedure brings and the potential impact in RAN2. Additionally, the main use cases are scenarios targeted by the inter-UE coordination mechanism are described. 
2	Inter-UE resource coordination mechanism
2.1	Targeted scenarios and use cases
The inter-UE coordination mechanism is particularly suitable whenever persistent collisions between UEs happen and none of the UEs involved in the communication are aware of it. In these cases, a pair of UEs – or several UEs – choose the same set of resources at the same time for transmission, and therefore, the UEs involved in the communication do not detect the resource collision. It may not be possible to detect the persistent collision due to:
· Half-duplex framework, i.e., a UE is transmitting itself and cannot receive at the same time, or 
· Hidden UE problem, i.e., a UE is out-of-coverage of the other UE(s) selecting the same resource or set of resources.

[bookmark: _Toc54208356][bookmark: _Toc71537933]The inter-UE coordination mechanism helps in preventing persistent collisions between a pair or group of UEs. Additionally, the hidden UE(s) problem in distributed systems can be mitigated.
The benefit of using this mechanism to mitigate the persistent collision between UEs comes at the cost of extra control overhead which should be carefully analysed, especially for groupcast and broadcast modes. For unicast communications, overhead is a lesser problem and inter-UE coordination can complement SL HARQ feedback for early detection of persistent collisions. However, in order to have an alignment with all the cast types, it makes sense to have one inter-UE coordination mechanism for all of them. Therefore, we propose:
[bookmark: _Toc54208351][bookmark: _Toc85754446]A unified inter-UE coordination mechanism is considered for unicast, groupcast and broadcast scenarios.
2.2	General description
The main target of the inter-UE coordination mechanism is to increase the reliability of the resource allocation operation in mode 2, i.e., reducing the potential number of collisions, by having a UE (e.g., UE-A in Figure 1) sending a coordination message to another UE (e.g., UE-B in Figure 1) which may take into account the information contained in the coordination message while performing resource selection for its own transmission. An exemplary case of this resource coordination mechanism is given in Figure 1.

[image: ]
Figure 1: Exemplary inter-UE coordination mechanism between a pair of UEs
In the example shown in the figure, UE-B identifies a set of resources based on its own measurements to perform its transmission (top right figure). UE-A transmits a coordination message to UE-B, which based on the information contained in the coordination message sent by UE-A may change its resource selection. The resource coordination message transmitted by UE-A is an assistance to be used by UE-B during resource selection. 
As indicated in the WID all the enhancements proposed for Rel-17 should be compatible with the specified procedures during Rel-16 for resource allocation. Indeed, we believe that the inter-UE coordination mechanism should make use of the existing procedures whenever possible.
· For sensing, the Rel-16 procedures only make use of information gathered by the sensing UE. 
· Re-evaluation allows a UE to change an internal resource selection. Currently this is triggered by sensing. 
· Pre-emption forces a UE to change a resource reservation in some cases. Like for re-evaluation, this is triggered by sensing.
· For re-selection of resource reservations, the Rel-16 specification includes a mechanism for changing reservations. The mechanism in Rel-16 does not make use of any external trigger.  

[bookmark: _Toc54208355][bookmark: _Toc85754447]The inter-UE coordination mechanism for Rel-17 should be compatible with the procedures for resource allocation agreed in Rel-16 and re-use the existing mechanisms whenever possible.
However, it is worth clarifying that inter-UE coordination framework will be specified as a complementary procedure to the existing mechanism already standardized in Rel-16 but, in no circurstance is to be used instead of them. Thus:
[bookmark: _Toc54208350][bookmark: _Toc85754448]The inter-UE coordination message is to be used as a complementary procedure to the existing Rel-16 procedures related to sensing and resource selection.
2.3	Framework of the mechanism
[bookmark: _Toc54172518][bookmark: _Toc54172540][bookmark: _Toc54172611]In order to determine whether the inter-UE coordination mechanism is useful, in the following it is provided an analysis about the different aspects of how this new feature it should work. In particular, we focus our analysis on the following aspects:
· Inter-UE coordination triggers.
· Format of the inter-UE coordination message.
· Signalling alternatives.
· The inter-UE coordination message as an input to resource selection.
In the following, we analyse the above aspects and draw some observations. We then discuss the applicability to unicast, groupcast, and broadcast scenarios.
2.3.1	Inter-UE coordination triggers
We distinguish two potential triggering mechanisms:
· Enquiry-based trigger. 
· In this case, the UE interested in receiving a coordination message sends a request.
· Condition-based trigger. 
· In this case, the presence of some condition, e.g., detected collision, triggers a UE to transmit a coordination message.
2.3.2	Inter-UE coordination message format
We distinguish two extreme message sizes:
· 1-bit coordination message. 
· This message contains information about the selected resource(s). For example, if they are suitable from receiver UE perspective or not.
· Multi-bit coordination message. 
· This message contains information about a large number of resources. For example:
· List of selected resources (e.g., suggested resources preferred/non-preferred, etc.).
· Resource map. In this case, the coordination message provides an indication for each the resource in a window (e.g., a busy/idle indicator, an RSRP level, etc.).
Variations from the above two classes are possible but the point is that one of them consists of a compact message identifying from one or a few resources (e.g., those already selected by the UE) whereas the other one contains information about many more resources.
2.3.3	Signalling alternatives for inter-UE coordination
When discussing the alternatives for conveying inter-UE coordination messages, it is important to consider the size and format of the message itself. For the inter-UE coordination messages, we consider the signaling alternatives separately for each of the two sizes identified in the previous section.
· For the 1-bit coordination message, PHY layer signaling may be used, e.g., PSFCH. Details are up to RAN1
· For the set of resources or map-based coordination message, it seems necessary to use higher-layer signaling (e.g. a MAC CE).
[bookmark: _Toc54208358][bookmark: _Toc71537934]A PSFCH-like format is suitable for 1-bit coordination messages. Details are up to RAN1.
[bookmark: _Toc54208360][bookmark: _Toc71537935]Higher-layer signalling is most appropriate for multi-bit coordination messages.
2.3.4	The inter-UE coordination message as an input to resource selection
The inter-UE coordination message is to be used as part of the resource selection procedure. We think that there are two ways of doing this:
· As input to the sensing procedure, including the triggering of re-evaluation as well as pre-emption. 
· As a trigger for resource selection.
In our view, this issue is also tightly couple with the format of the inter-UE coordination message. That is, a single bit message is suitable as a trigger for resource selection, whereas a multi-bit coordination message is suitable as input to the sensing procedure. 
[bookmark: _Toc54208361][bookmark: _Toc71537936]The inter-UE coordination message format/size determines the potential changes to resource selection:
· [bookmark: _Toc54208362][bookmark: _Toc71537937]A multi-bit resource coordination message is suitable as input to be used along with the sensing procedure.
· [bookmark: _Toc54208363][bookmark: _Toc71537938]A single-bit resource coordination message is suitable as a trigger for resource re-selection/pre-emption. 

2.4	Way forward for RAN2
However, up to last meeting, RAN1 did not conclude on this topic and there is not yet a clear understanding on how this new inter-UE coordination mechanism would work, it does not make sense to decide the aspects related to RAN2. According to this, we should wait for RAN1 before starting to design the signalling and relevant RAN2 procedure.
[bookmark: _Toc85754449]RAN2 to wait for RAN1 before starting to design the procedures for the inter-UE coordination mechanism.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The inter-UE coordination mechanism helps in preventing persistent collisions between a pair or group of UEs. Additionally, the hidden UE(s) problem in distributed systems can be mitigated.
Observation 2	A PSFCH-like format is suitable for 1-bit coordination messages. Details are up to RAN1.
Observation 3	Higher-layer signalling is most appropriate for multi-bit coordination messages.
Observation 4	The inter-UE coordination message format/size determines the potential changes to resource selection:
	A multi-bit resource coordination message is suitable as input to be used along with the sensing procedure.
	A single-bit resource coordination message is suitable as a trigger for resource re-selection/pre-emption.
Based on the discussion in the previous sections we propose the following:
Proposal 1	A unified inter-UE coordination mechanism is considered for unicast, groupcast and broadcast scenarios.
Proposal 2	The inter-UE coordination mechanism for Rel-17 should be compatible with the procedures for resource allocation agreed in Rel-16 and re-use the existing mechanisms whenever possible.
Proposal 3	The inter-UE coordination message is to be used as a complementary procedure to the existing Rel-16 procedures related to sensing and resource selection.
Proposal 4	RAN2 to wait for RAN1 before starting to design the procedures for the inter-UE coordination mechanism.
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