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At RAN#91-e, a work item on NR Sidelink Relays [1] has been approved as a follow up of the Study on NR Sidelink Relay [2]. The objectives of the agreed WI are copied below:
	The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
Work Item objectives on aspects common to both L2 and L3:
1. Specify mechanisms for U2N relay discovery and (re-)selection for L3 and L2 relaying [RAN2, RAN4]
a. Re-use LTE relay discovery and (re-)selection as baseline
2. Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]
a. Re-use LTE as baseline
Work Item objectives specific to Layer-2 (L2) relaying:
3. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4. Specify mechanisms for service continuity 
a. Limited to intra-gNB cases [RAN2]
5. Specify mechanisms for U2N Adaptation layer design [RAN2]
a. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]

NOTE 1:	RAN requests RAN2 to strive for completion of the common parts (objective 1) by RAN#92 (June). RAN understands that RAN2 will also initially work on other aspects that have cross-group dependencies. 
NOTE 2:	For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.
NOTE 3:	Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.
NOTE 4:	Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.



In this contribution, we discuss the need of supporting the Relay UE load as an additional AS layer criterion for relay (re-)selection. 
Discussion 
Previous discussions
During the Post RAN2#111-e email discussions [3] several additional AS layer criterion, other than NR Sidelink strength, were discussed for (re-)selection:
· Uu link quality between candidate relay UE and gNB
· Relay UE load
· RRC state of candidate relay UE
· Cell ID of the serving cell of candidate relay UE
· Access restrictions on the serving cell (e.g., UAC parameters, imsEmergency)
· SL configuration (e.g., available frequency bands, mode 1/2 resource allocation)
· Direct Uu link quality between an in-coverage remote UE and gNB
· Relay UE’s configured priority value
· PLMN ID of the PLMN serving the candidate relay UE
The Relay UE load was the additional AS layer criterion with the most support among all the companies with a total of 16/24 supporting companies. 
During RAN2#112-e, several companies submitted contributions ([6], [7], [8]) for considering the Relay UE load as an additional AS layer criterion for (re-)selection. Throughout the online meeting, it was decided to leave the additional AS layer criteria, other than signal strength, to be considered during WI as reflected in [5]. 
Lastly, also during RAN2#113-e, several companies submitted contributions ([9], [11], [12], [13], [14], [15]) for the Relay UE load.
Motivations for including Relay UE load
A Relay UE may very well be a battery-powered device with limited resources. If such Relay UE happens to offer a good signal strength for several Remote UEs, it may occur that all of them end up connecting via this Relay UE. In this situation, the Relay UE may not satisfy the throughput and latency requirements of the Remote UEs, as stated in the simulations presented in [7]. Including the Relay UE load as an additional AS layer criterion for relay (re-)selection will enhance the throughput and latency of the Remote UE, because the combined system-resource impact of relaying operations for Remote UEs will be, on average, more evenly distributed over the available Relay UEs. 
Observation 1: including the Relay UE load as an additional AS layer criterion for relay (re-)selection can on average improve the throughput and latency of the Remote UE.

Likewise, the Relay UE with the best signal strength may not guarantee the lowest energy consumption for the Remote UE. Consider the case where Relay UE 1 offers an RSRP of -100dBm and Relay UE 2 an RSRP of ‑106 dBm. Based on signal strength the Remote UE will (re-)select the Relay UE 1. However, the load on Relay UE 1 may be high because it is already serving several Remote UEs. Such higher load may increase the time its associated Remote UEs are awake because e.g., in case of mode 2, they may need to repeat the resource sensing phase if the ratio of the number of candidate resources (a resource is considered as candidate when either the RSRP on a subchannel does not exceed a threshold or a subchannel is not occupied by other Sidelink transmissions) to the total number of resources in the selection window is less than 20%. In case of mode 1, the gNB needs more time resources to allocate all the Remote UEs to the loaded Relay UE. In general, the longer the Remote UEs are awake the more energy consumption. The Relay UE 2 may better serve the Remote UE since its load is lower and can serve the Remote UE expeditiously. 
Observation 2: including the Relay UE load as an additional AS layer criterion for (re-)selection can reduce the energy consumption of the Remote UE.

During the SI discussions ([3], [10], [14]) some companies mentioned that if a Relay UE is loaded it could just stop sending discovery messages (model A) or stop replying to discovery messages from the discoverer Remote UE (model B) so that no more Remote UEs connect to it. This may be a viable approach if the Remote UE can connect to other Relays but it will foreclose one of the main objectives of Relays i.e. coverage extension. We believe such decision should be taken by the remote UE (or the network).
Observation 3: not sending discovery announce messages (model A) or not replying to relay discovery request  messages (model B) as a countermeasure when the Relay UE is loaded above some defined threshold can foreclose one of the main objectives of relays i.e. coverage extension.

Moreover, communicating the Relay UE load can help avoiding relay overload scenarios by making sure that the already connected Remote UEs are aware of the load in the Relay UE and by notifying prospective Remote UEs that the Relay UE may become overloaded in case more Remote UE(s) connect to it and e.g. there is a RLF in the Uu link [6]. 
Observation 4: including the Relay UE load as an additional AS layer criterion for (re-)selection can help avoid issues caused by relay overload.
Proposal 1: the Relay UE load shall be included as an additional AS layer criterion for (re-)selection.
Definition of the Relay UE load
During the SI phase, several proposals were made on how to represent Relay UE load:
1. Number of PC5-RRC connections currently supported for relaying ([8])
2. How often the relay occupies the resource pool for itself and how many remote UEs it serves actively ([8])
3. How often data arrives from the remote UE(s) within a particular time window ([8])
4. Data rate as could be measured at the different layers of the relay UE(s) for relaying data ([8])
5. Capacity of the SL resource pool to be used by the Relay UE ([7])
In this contribution we propose the additional aspect (6.) of the buffering capacity that the Relay UE has for buffering data for relaying purposes, i.e. the amount of memory it has still available to store relayed data packets in transit. A Relay UE will not be able to make use of higher-bandwidth resources on either Uu (downlink) or PC5, or establish more connections to further Remote UEs, if the Relay UE’s buffer for DL Uu or PC5 are already full or almost full. This is especially relevant for a constrained Relay UE that may have limited memory available for buffering the incoming data to/from Remote UEs.
Considering the Relay UE load can be represented in different ways and that all of them can be relevant for a Remote UE going through (re-)selection, it is proposed to represent the Relay UE load as a compact data structure that includes the following aspects (some of the above items 1 to 5 have been slightly rephrased and grouped):
1. Number of PC5 connections towards Remote UEs currently being actively used for relaying data
2. Resource pool usage or capacity for PC5: this refers to the percentage of resources that are occupied or free to use for a certain time interval
3. Data rate, measured for a certain time interval, at the different layers of the Relay UE for relaying data 
4. Buffering capacity or buffer load of the Relay UE, where capacity refers to the average amount of memory (in relative units e.g. % of the total maximum buffer size or as an index inside a lookup table) available in the Relay UE for buffering relayed data, and buffer load refers to the average amount of memory (in relative units e.g. %) already occupied for buffering relayed data in transit to/from other Remote UE(s).
5. Average time the relayed data stays within the Relay UE buffer
Proposal 2: it is proposed to represent the Relay UE load as a compact data structure that includes the following aspects:
· Number of PC5 connections to Remote UEs currently being actively used for relaying
· Resource pool usage or capacity
· Data rate at the different layers of the relay UE(s) for relaying data 
· Buffering capacity available or buffer load for relayed data on the Relay UE
· Average time the relayed data stays within the Relay UE buffer
The compact data structure can be encoded using a few bits for each aspect of the Relay UE load, ensuring the discovery message is as small as possible. By including the multiple aspects separately, the prospective Remote UE can make a well-informed (re-)selection decision, taking into account the particular aspects that it deems most important as outlined below.
Relay UE load and (re-)selection
Unlike the signal strength that can be measured based on SD-RSRP (Sidelink Discovery messages) or the PC5-RSRP if the Remote UE is already connected, the Relay UE load needs to be explicitly communicated in one of the Sidelink protocol layers. 
The Relay UE load may be sent as part of the announcing discovery message (model A) or as part of the discovery response to the discoverer Remote UE (model B) so that prospective Remote UEs are aware of the details of Relay UE load before establishing a PC5 unicast link towards the Relay UE. 
The Remote UE can (re-)select a Relay UE when the signal strength is below a (pre)configured threshold (as outlined in [5]) and when the Relay UE load rises/falls above/below a threshold that can be defined by Remote UE implementation, configured by the gNB or preconfigured. A different threshold can be applied for each item inside the compound Relay UE load representation. In case the selection is Remote UE implementation-specific it may also choose to not take into account one or more of the individual aspects of relay load, or to apply an advanced (e.g. learning) algorithm to the (re-)selection based on the relay load aspects as input values.
Proposal 3: A different threshold can be applied for each item inside the compound Relay UE load representation. The thresholds and/or relay selection algorithm can be defined by Remote UE implementation, configured by the gNB or preconfigured 
Conclusion
This contribution highlights the needs of adding the Relay UE load as an additional AS criterion for relay (re-)selection. Several definitions of Relay UE load have been presented, partially based on previous discussions.
A summary of the observations and proposal can be found below:
Observation 1: including the Relay UE load as an additional AS layer criterion for relay (re-)selection can on average improve the throughput and latency of the Remote UE.
Observation 2: including the Relay UE load as an additional AS layer criterion for (re-)selection can reduce the energy consumption of the Remote UE.
Observation 3: not sending discovery announce messages (model A) or not replying to relay discovery request  messages (model B) as a countermeasure when the Relay UE is loaded above some defined threshold can foreclose one of the main objectives of relays i.e. coverage extension.
Observation 4: including the Relay UE load as an additional AS layer criterion for (re-)selection can help avoid issues caused by relay overload.
Proposal 1: the Relay UE load shall be included as an additional AS layer criterion for (re-)selection.
Proposal 2: it is proposed to represent the Relay UE load as a compact data structure that includes the following aspects:
· Number of PC5 connections to Remote UEs currently being actively used for relaying
· Resource pool usage or capacity
· Data rate at the different layers of the relay UE(s) for relaying data 
· Buffering capacity available or buffer load for relayed data on the Relay UE
· Average time the relayed data stays within the Relay UE buffer
Proposal 3: A different threshold can be applied for each item inside the compound Relay UE load representation. The thresholds and/or relay selection algorithm can be defined by Remote UE implementation, configured by the gNB or preconfigured
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