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Introduction
Proposals for the inclusion of Relay UE load indication as an AS layer criteria took place during the study and more recently during R2#113bis-e. During discussion no clear way forward was reachable and further offline email discussion to advance company positions has taken place between RAN2 meetings #113bis and #114 and captured in [1].
This contribution discusses the usefulness of the load indication within the AS layer criteria for relay selection/ reselection.
We present that the use of a Load Indication from a Relay UE is useful but should be limited to Remote UE implementation in this release. That the definition of the load information need only provide a limited indication of capacity to enable the Remote UE to choose a Relay UE which may support it’s desired relayed service. And that the gNB is well placed to confirm combined local PC5-Uu load indication for a connected Relay UE.
Discussion 
Motivation for Load Indication 
A scenario considered by proponents benefiting from the inclusion of a load indicator would be where the best Relay UE signal strength may not alone be an accurate indicator of total lower energy consumption for the Remote UE over the duration of the relay service. Where two (or more) Relay UEs with differing RSRPs are available simply selecting the Relay UE based on the best RSRP ranking, in particular when the closer Relay UE is at or close to load capacity, may not be the straight forward choice. Data transmission due to the limited capacity may be significantly slower resulting in longer transmission times, and therefore poorer E2E quality of service and using more energy for the Remote UE. It is argued that an Relay UE load indication along with the normal RSRP ranking would enable the Remote UE to make a more informed decision in Relay UE selection. It is noted however that at the point of Relay UE selection the Remote UE may not be fully aware of the full details regarding the total relay service including it’s expected duration. At best a compromise decision can only be achieved.
In an alternative scenario proponents argue that if the Relay UE has power limitations (battery) and a larger number of Remote UEs already connected to it, then the lifetime of the Relay UE could also be detrimentally impacted by the volume of relay traffic. It is suggested that by indicating the Relay UE load the Remote UEs may evenly distribute to other Relay UEs (if available) and hence not load an individual Relay UE so heavily, and thereby prolong its possible relay service duration. Of course this Remote UE to Relay UE distribution may be dependent on other factors and not limited to all the Remote UEs behaving in a consistent manner to the reception of a load indication from a Relay UE. 
For example where one Remote UE may have choices in selecting a Relay UE based on load, another may not. It is not clear in all circumstances that supporting Relay UE selection/ reselection based on individual received load indications will reliably lead to balanced system nor that in some circumstances a Remote UE may end up frequently pinging between Relay UEs when local traffic capacity expands or contracts at one Relay UE or another.
Note, a Remote UE selection of a particular Relay UE in some instances may be dictated by higher layer restrictions (e.g. Relay Service Code (RSC)) such that the decision to reselect (due to relay load or other reasons) may only fall to a few of the Remote UE connected to a Relay UE at any time. Specification of which Remote UE should move and when will require a more complex solution and can be expected to take more time than available within this release.
Observation 1. Selection of a Relay UE using load indication may lead to a better energy performance for a particular Remote UE or may lead to some distribution of Remote UE away from heavily loaded Relay UE, when multiple Relay UE exists for a particular Remote UE. This may lead to better energy consumption for the Remote UE, and in some instances for the Relay UE. However whilst useful, the load indication can only be considered as an aid to Remote UE behaviour to guide better Relay UE selection.

Use of Load Indication by Relay UE 
Previously opponents for sending the load indicated that a Relay UE could simply not respond to nor send to a discovery message if it was overloaded, or near to capacity. 
Counter arguments [2] suggested that a Relay UE deciding not to respond/send discovery message may in fact be depriving the Remote UE of the basic premise for the sidelink relay service, that of coverage extension, in particular when no other Relay UE was available. The availability of other Relay UEs to the Remote UE would be unknown to the Relay UE deciding not to respond/send the discovery message. Hence, where a Relay UE could provide some service it is expected a discovery/ discovery response should be sent. However the inclusion of a load indication would enable the Remote UE which is able to consider other Relay UEs to make a decision to avoid the loaded Relay UE.
Observation 2. The decision to send/reply to a discovery message is a matter for the Relay UE implementation and can include AS/NAS or other considerations (e.g. Relay Service Code (RSC) or low battery). So guaranteed coverage extension is in no ways assured even when Relay UE is known to be in proximity.
Observation 3. To preserve a basis for the provision of coverage extension when the Relay UE is able to provide some service, even with possible capacity limitations, the Relay UE should send a discovery or  discovery response message when triggered.
Because the situation at the Remote UE in regards to the number of candidate Relay UEs is unknown to an individual Relay UE, the inclusion of load information from individual Relay UEs is useful to the Remote UE in order to make a selection. The decision for which Relay UE to select is a decision for the Remote UE, but as to whether further control to the Remote UE decision process may require further consideration. Due to this and the consideration  mentioned above regarding the complexity of deciding on the Remote UE behaviour, the Remote UE behaviour on reception of the load indication should be left up to the Remote UE implementation for this release.
Proposal 1: If load information is provided by the Relay UE to aid discovery reselection then the decision regarding Relay UE selection is taken by the Remote UE.
Proposal 2: How and if the load information received from the Relay UE is taken into account during selection/ reselection is an implementation issue for the Remote UE 

Remote UE Use of Load Indication
Any solution for definition of the load indicator needs to ensure a meaningful indication, that can be used by the Remote UE to achieve it’s intended objective and enable assessment of the Relay UE as a candidate for selection/reselection amongst other Relay UEs and delivery of E2E quality of service for the intended relay service on an equitable basis.
It is noted that different Relay UEs may have different capabilities and therefore load indications utilising (seemingly) simple counts of PC5-RRC connections or connected/active Remote UE may not accurately or reliably indicate the Relay UE capacity or its ability to support another Remote UE relay service, and hence fail to aid the Remote UE in making reliable Relay UE selection to guarantee service delivery nor aid system balancing. 
Observation 4: simple load indications such as the number of PC5-RRC connections or connected/ active number of UEs at an Relay UE cannot adequately provide indication of a single Relay UE spare capacity, nor provide comparable indications between different Relay UEs, which may have different capabilities.
Also in order to distribute Remote UE amongst available Relay UEs within a cell/network for load balancing requires more than individual Relay UE capacity to be considered (due to other factors than load impacting final Relay UE selection). Therefore the use of a load indication is limited to Remote UE implementation for the selection of an Relay UE when a choice between Relay UEs is available, to enable the Remote UE to select the Relay UE that supports the selected relayed service E2E QoS. 
Proposal 3: The Remote UE may use the load indication as a basis to choose a Relay UE (amongst other Relay UEs) where the relayed service achieves the desired E2E QoS.
With this in mind it is noted that the load indication from a Relay UE only need indicate either a minimum threshold or a level of capacity is available. In this way the Remote UE can compare all Relay UEs equally. That is if two Relay UEs indicate they meet the minimum threshold or have sufficient capacity (although possibly with different spare capacity), the Remote UE need only consider that sufficient capacity is available. Of course other factors of the Remote UE decision process may make other ranking decisions, including the use of measured RSRP e.g. the actual spare capacity before determining the final Relay UE choice, but this is further implementation choice. 
Observation 5: Indication of Relay UE load need only confirm a minimum threshold or available capacity is above a threshold to enable a Remote UE to ensure sufficient capacity is available for the intended relay service transmission via a particular Relay UE.
In as much as the relay service is completed over two hops (Remote UE – Relay UE – gNB) then the gNB is best placed to receive information regarding an individual Relay UE PC5 load and also is aware the Uu load for a particular PC5-Uu combination. The gNB is therefore able to signal a combined and simple load information to inform prospective Remote UE as part of the discovery/ discovery response message.
Proposal 4: the gNB provides a single indication to the Relay UE for inclusion in its discovery/ discovery response messages regarding the spare capacity for the Relay UE relay system.
It has also been proposed that the Remote UE behaviour in respect to handling the load indication may be down to UE implementation, or alternatively could be defined based on a threshold which in turn may be preconfigured or signalled by gNB. As indicated above considering the timeframe for defining the AS layer discovery criteria and the duration of the work item, detailed study into the load indication definition where the benefits are debatable and introduction of complex mechanisms for gNB control should be considered out of scope for this release.
Proposal 5: It is proposed that the Remote UE behaviour on reception of a simple load indication for this release be left to UE implementation.

Conclusion
The above discussion presents arguments for the inclusion of a Relay UE load indication and the definition / limited format that such an indication should take. The following observations are made in regard to the intended behaviour regarding the use of the indication. 
	
Observation 1. Selection of a Relay UE using load indication may lead to a better energy performance for a particular Remote UE or may lead to some distribution of Remote UE away from heavily loaded Relay UE, when multiple Relay UE exists for a particular Remote UE. This may lead to better energy consumption for the Remote UE, and in some instances for the Relay UE. However whilst useful, the load indication can only be considered as an aid to Remote UE behaviour to guide better Relay UE selection.
Observation 2. The decision to send/reply to a discovery message is a matter for the Relay UE implementation and can include AS/NAS or other considerations (e.g. Relay Service Code (RSC) or low battery). So guaranteed coverage extension is in no ways assured even when Relay UE is known to be in proximity.
Observation 3. To preserve a basis for the provision of coverage extension when the Relay UE is able to provide some service, even with possible capacity limitations, the Relay UE should send a discovery or  discovery response message when triggered.
Observation 4: simple load indications such as the number of PC5-RRC connections or connected/ active number of UEs at an Relay UE cannot adequately provide indication of a single Relay UE spare capacity, nor provide comparable indications between different Relay UEs, which may have different capabilities.
Observation 5: Indication of Relay UE load need only confirm a minimum threshold or available capacity is above a threshold to enable a Remote UE to ensure sufficient capacity is available for the intended relay service transmission via a particular Relay UE.



As a result of these observations and the discussion the following proposals are made for agreement regarding the Relay UE Load indication as an AS layer criteria during this meeting.
	
[bookmark: _GoBack]Proposal 1: If load information is provided by the Relay UE to aid discovery /reselection then the decision regarding Relay UE selection is taken by the Remote UE.
Proposal 2: How and if the load information received from the Relay UE is taken into account during selection/ reselection is an implementation issue for the Remote UE 
Proposal 3: The Remote UE may use the load indication as a basis to choose a Relay UE (amongst other Relay UEs) where the relayed service achieves the desired E2E QoS. 
Proposal 4: the gNB provides a single indication to the Relay UE for inclusion in its discovery/ discovery response messages regarding the spare capacity for the Relay UE relay system.
Proposal 5: It is proposed that the Remote UE behaviour on reception of a simple load indication for this release be left to UE implementation.
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