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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].



2	Inter-UE resource coordination mechanism
2.1	Definition
One mechanism to increase the reliability of the resource allocation mode-2 is to enable that one UE (e.g. UE-A) can send a coordination message indicating a set of resources which other UE (e.g. UE-B) can take into account while performing resource selection for its own transmission. An exemplary case of this resource coordination mechanism is given in Figure 1.
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Figure 1: Exemplary inter-UE coordination mechanism between a pair of UEs
In the example shown in the figure, UE-B identifies a first set of resources to perform its transmission (in blue, top right figure). In parallel, UE-A identifies a second set of resources that is suitable for transmission by UE-B (in red, top left figure). Note that both UE-A and UE-B identify the set based on their own measurements. UE-A shares its set with UE-B, who can build a set that includes both contributions (in purple, bottom figure, obtained by taking the intersection of both sets). It is important to remark that the set of resource sent by UE-A is considered as a suggestion or assistance, and therefore, UE-B may ignore the set of resources sent by UE-A and perform the transmission based solely on its own gathered information.
[bookmark: _Toc47701735]The set of resources sent as inter-UE coordination message is defined as a suggestion or assistance information, and therefore, may be disregarded by the receiving UE.
2.2	Scenarios and use cases 
The inter-UE coordination mechanism is particularly suitable whenever persistent collisions between UEs happen and when under some circumstances, none of the UEs involved in the communication may be 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 is not 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: _Toc47701753]The inter-UE coordination mechanism helps preventing persistent collisions between a pair or group of UEs. Additionally, the hidden UE(s) problem in distributed system can be mitigated.
In our view, the benefit of using this mechanism to mitigate the persistent collision between UEs in case of groupcast and broadcast mode comes at the cost of extra control overhead which should be carefully analysed. Furthermore, in a unicast mode, it will rarely happen that the pair of UEs are not aware of the persistent collisions due to the presence of HARQ feedback. However, it could still be beneficial to make use of inter-UE coordination in case of unicast which can result in early detection of persistent collision. Furthermore, it will be helpful to understand if the problem lies in link between the communicating pair of UEs or the undetected resource collisions.
[bookmark: _Toc47701736]The inter-UE coordination mechanisms are considered for unicast, groupcast and broadcast mode.
3	Framework for inter-UE coordination and related Rel-16 features
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 inter-UE coordination should make use of the existing procedures whenever possible.
· 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. Moreover, the UE is allowed to delay the re-evaluation until the last moment.
· Pre-emption forces a UE to change a resource reservation in some cases. Like for re-evaluation, this is triggered by sensing. Moreover, the UE is allowed to delay the pre-emption until the last moment.
· Reselection of periodic reservations. The Rel-16 specification includes a mechanism for changing periodic reservations. However, the mechanism does not make use of any external trigger.  
To determine whether inter-UE coordination is useful (and eventually to specify it, if agreed), we believe that it is most important to discuss the following aspects:
· Triggering of inter-UE coordination mechanism.
· Format of the inter-UE coordination message.
· Use of a received inter-UE coordination message.
3.1	Triggering of inter-UE coordination
One first consideration on inter-UE coordination is how it is triggered. In this regard, we distinguish three options:
· Explicit triggering. In this case, UE-B explicitly requests UE-A to provide an inter-UE coordination message. The feature may be triggered every time, periodically, etc.
· Condition-based triggering. In this case, UE-A provides an inter-UE coordination message to UE-B if a certain condition is met. For example, if a collision is detected.
· Not defined. In this case, the implementation of UE-A determines whether to provide a coordination message to UE-B.

	Triggering
	Suitable cast modes
	Comments

	Explicit
	Unicast, possibly Groupcast opt-2
	Requires signalling for triggering

	Condition-based
	All
	

	Not defined
	Unicast, possibly Groupcast opt-2
	


Each of the ways of triggering inter-UE coordination messaging may be more suitable for a different set of casting modes. For example, it may be necessary to include source/destination IDs, etc. to identify the source/target of the inter-UE coordination message.
[bookmark: _Toc47701737]RAN1 to consider the mechanism used for triggering the inter-UE coordination messaging based on:
· [bookmark: _Toc47701738]Suitable cast modes.
· [bookmark: _Toc47701739]Message format and signalling.
3.2	Format of the inter-UE coordination message
We distinguish three types of inter-UE coordination messages:
· Single bit.
· Reduced list of resources (e.g., suggested resources, etc.). In this case, the inter-UE coordination message is a list of candidate resources suitable for transmission from the point of view of UE-A.
· 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.).
We note that not all formats for the inter-UE coordination message are suitable for all cast modes. For example, using a list of suggested resources or a resource map does not seem very suitable for broadcast communication or even for groupcast communication due to the higher overhead provided to the system. Using a single-bit message seems more appropriate for these cases.
	Message format
	Suitable cast modes

	1 bit
	All

	[bookmark: _Hlk47448343]Reduced list of resources (e.g., suggested, etc.)
	Unicast, possibly Groupcast opt-2

	Resource map
	Unicast, possibly Groupcast opt-2


The format of the inter-coordination message also has an impact on its size and, consequently, on how to convey the information (e.g., using PHY or higher-layer signalling). All these aspects must be considered by RAN1.
[bookmark: _Toc47701740]RAN1 to consider the format of the inter-UE coordination message based on:
· [bookmark: _Toc47701741]Suitable cast modes.
· [bookmark: _Toc47701742]Message size/content.
· [bookmark: _Toc47701743]Signalling requirements.
3.3	Use of a received inter-UE coordination message
The following actions may be considered for UE-B upon receiving an inter-UE coordination message:
· Input to sensing (e.g., to be used in a later resource selection)
· Triggering re-evaluation (i.e., reselecting resources that have been selected but that are not yet reserved)
· Triggering pre-emption (i.e., reselecting already reserved resources)
· Triggering reselection of a periodic reservation
[bookmark: _Toc47701744]RAN1 studies the following changes to the Rel-16 procedures:
· [bookmark: _Toc47701745]Excluding resources during sensing based on inter-UE coordination messages received from other UEs.
· [bookmark: _Toc47701746]Using inter-UE coordination messages in the re-evaluation and pre-emption procedures (e.g., as triggers of the procedures).
· [bookmark: _Toc47701747]Triggering reselection of periodic reservations based on inter-UE coordination messages received from other UEs.

Based on the previous discussion, we summarize in the following table the potential scenarios and the associated triggering and signalling required for each of them.
	Message format
	Suitable cast modes
	Triggering

	1 bit
	All
	Explicit/Condition-based/Not defined

	Reduced list of resources (e.g., suggested, etc.)
	Unicast, possibly Groupcast opt-2
	Explicit/Condition-based

	Resource map
	Unicast, possibly Groupcast opt-2
	Explicit/Condition-based



The single-bit format can be used in all modes and it can be triggered by the three schemes proposed in our contribution. However, the drawback of this format is the lack of information transmitted, i.e., it is merely a re-evaluation/pre-emption indication. On the other hand, sending a set of resources/resource map is suitable mostly for unicast scenarios and requires some explicit signalling, but the receiver UE obtains accurate information.
4	Potential solutions
In this section we describe the procedure for two potential solutions for inter-UE coordination.
4.1	Single-bit message for resource reselection
This solution consists of an inter-UE coordination message carrying a single bit. The purpose of this bit is to allow UE-A indicate UE-B whether a reselection of resources is desirable or not:
· UE-B performs a transmission on a resource R.
· UE-A detects potential collisions of the transmission performed by UE-B in resource R.
· If a potential collision is detected, UE-A sends 1 bit to UE-B.
· Upon receiving the bit from UE-A, UE-B may reselect resource R.
This procedure is illustrated in Figure 2.
[image: ]
[bookmark: _Ref47559426]Figure 2. Use of single-bit inter-UE coordination message to trigger resource reselection to avoid collisions.
Although the solution may be used for all cast modes, it is particularly interesting for broadcast and groupcast, where the possibilities of coordination between UEs are limited by many factors (lack of PC5-RRC connection; unknown and potentially large number of receivers, etc.)
Regarding the different aspects discussed in the previous section, we note the following:
· Triggering of inter-UE coordination:
· Condition based.
· Format of the inter-UE coordination message: 
· Single bit
· FFS: signalling aspects
· Use of a received inter-UE coordination message
· Reselection of a periodic reservation
· FFS: applicability to aperiodic reservations
[bookmark: _Toc47701748]RAN1 to study an inter-UE coordination solution based on:
· [bookmark: _Toc47701749]Single bit resource suggestion (i.e., reselection trigger).
4.2	On-demand resource suggestion 
The main characteristics of this inter-UE coordination approach is that UE-A suggests resources for transmission by UE-B only when requested:
· UE-B requests UE-A to provide an inter-UE coordination message
· UE-A sends the inter-UE coordination message to UE-B
· The inter-UE coordination message is based on the sensing results available at UE-A.
· UE-B uses the inter-UE coordination message to select resources.
This procedure is illustrated in Figure 3.
[image: ]
[bookmark: _Ref47559594]Figure 3. Use of request and inter-UE coordination message with multiple resources to improve resource selection.
This solution is only suitable for unicast (and possibly groupcast option 2) as it requires TX-RX awareness. In some cases, it may also require a PC5-RRC connection.
Regarding the different aspects discussed in the previous section, we note the following:
· Triggering of inter-UE coordination:
· Explicit.
· FFS: signalling aspects
· Format of the inter-UE coordination message: 
· FFS: resource map or list of resources
· FFS: contents (e.g., busy/idle, RSRP value, etc.)
· Use of a received inter-UE coordination message
· Fused with own sensing results
· FFS: triggering of pre-emption, re-evaluation, etc.
[bookmark: _Toc47701750]RAN1 to study an inter-UE coordination solution based on:
· [bookmark: _Toc47701751]Explicit triggering of inter-UE coordination.
· [bookmark: _Toc47701752]Multiple resource suggestion (e.g., resource map or list of resources).
5	Conclusion
In the previous sections we made the following observations: 
Observation 1	The inter-UE coordination mechanism helps preventing persistent collisions between a pair or group of UEs. Additionally, the hidden UE(s) problem in distributed system can be mitigated.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The set of resources sent as inter-UE coordination message is defined as a suggestion or assistance information, and therefore, may be disregarded by the receiving UE.
Proposal 2	The inter-UE coordination mechanisms are considered for unicast, groupcast and broadcast mode.
Proposal 3	RAN1 to consider the mechanism used for triggering the inter-UE coordination messaging based on:
	Suitable cast modes.
	Message format and signalling.
Proposal 4	RAN1 to consider the format of the inter-UE coordination message based on:
	Suitable cast modes.
	Message size/content.
	Signalling requirements.
Proposal 5	RAN1 studies the following changes to the Rel-16 procedures:
	Excluding resources during sensing based on inter-UE coordination messages received from other UEs.
	Using inter-UE coordination messages in the re-evaluation and pre-emption procedures (e.g., as triggers of the procedures).
	Triggering reselection of periodic reservations based on inter-UE coordination messages received from other UEs.
Proposal 6	RAN1 to study an inter-UE coordination solution based on:
	Single bit resource suggestion (i.e., reselection trigger).
Proposal 7	RAN1 to study an inter-UE coordination solution based on:
	Explicit triggering of inter-UE coordination.
	Multiple resource suggestion (e.g., resource map or list of resources).
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