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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN#91e meeting, the WID on SL relay had been agreed and had the following objectives:
	[bookmark: _Hlk67323386]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]



In this contribution, we will discuss the mechanisms for U2N relay (re)selection for L3 and L2 relaying, considering the reuse of LTE principle and some left issues preliminarily identified or studied in Study Item phase, such as:
· Potential new AS criteria for re/selection;
· How to perform RSRP measurement based on SD-RSRP/SL-RSRP;
· gNB involvement in relay (re)selection in L2/L3 relay architecture
2. Discussion
2.1 Reuse LTE baseline
In RAN2 #112e meeting [1] , relay (re)selection was discussed with following agreements:
	RAN2 #112e Agreements:
Proposal 1 [Easy]: Radio measurements at PC5 interface are considered as part of relay (re)selection criteria.
Proposal 2 [Easy]: Remote UE at least use “Radio signal strength measurements of Sidelink Discovery Messages” to evaluate whether PC5 link quality of a relay UE satisfies relay selection and reselection criterion.  
Proposal 3: Remote UE may also use SL-RSRP measurements on the SIdelink unicast link to evaluate whether PC5 link quality with a relay UE satisfies relay reselection criterion.  Details e.g. in case of no transmission on the unicast link can be discussed in WI phase.
Proposal 4 [Easy]: For relay (re)selection, remote UE compares the PC5 radio measurements of a relay UE with the threshold which is configured by gNB or preconfigured. 
Proposal 5 [Easy]:  “higher layer criteria” needs to be considered by remote UE for relay (re)selection, but details can be left to SA2 to decide.  
Proposal 6 [Easy]:  Relay (re)selection can be triggered by upper layers of remote UE.  
Proposal 7 [Easy]:  Relay reselection should be triggered if the NR Sidelink signal strength of current Sidelink relay is below a (pre)configured threshold.  
Proposal 8: Relay reselection may be triggered if RLF of PC5 link with current relay UE is detected by remote UE.  
Proposal 9 [Easy]: P1-P8, as a baseline for relay (re)selection, apply to both U2N and U2U scenarios, and for both Layer 2 and Layer 3 solutions.  


With these agreements, the basic principles about relay (re)selection in LTE is inherited, e.g. comparing the Radio signal strength measurements result on PC5 with a (pre)configured threshold. New conditions are also defined as cited above (proposal 3/8), which is using SL-RSRP measurements and SL-RLF to evaluate Relay reselection.
[bookmark: _Ref68197785]Observation 1: It was agreed to use SD-RSRP and SL-RSRP for relay (re)selection in Rel-17, by comparing the PC5 radio measurements of a relay UE with the (pre)configured threshold.
Meanwhile, in LTE, the RSRP filtering and the need to avoid ping-pong effect in relay (re)selection has also been discussed [2][3], with the following agreement:
	RAN2 #91bis Agreements:
· Layer 3 filtering of PC5 measurement and PC5 measurement based ranking is specified at AS layer
· The ranking of UE-to-Network Relays is based on the link quality on PC5, strongest to weakest.  AS layer triggers relay reselection when PC5 signal strength of current relay is below configured (same threshold as agreed in RAN2#91 for suitable relay) signal strength threshold.  A hysteresis will be added, a timer and/or an offset.  


For RSRP filtering, TS 36.331 specifies:
	[bookmark: _Toc20487155][bookmark: _Toc29342450][bookmark: _Toc29343589][bookmark: _Toc36566849][bookmark: _Toc36810280][bookmark: _Toc36846644][bookmark: _Toc36939297][bookmark: _Toc37082277]5.10.11.4	Selection and reselection of sidelink relay UE
<Omitted>
2>	when evaluating the one or more detected sidelink relay UEs, apply layer 3 filtering as specified in 5.5.3.2 across measurements that concern the same ProSe Relay UE ID and using the filterCoefficient in SystemInformationBlockType19 (in coverage) or the preconfigured filterCoefficient as defined in 9.3(out of coverage), before using the SD-RSRP measurement results;


In LTE, the PSDCH is used for Relay discovery. In NR, as there is no physical channel for discovery message and it is agreed to carry discover messages in a separate SRB, which is transmitted on PSSCH, it can be assumed that L3 filtering will be used for PC5 radio measurements of a relay UE, including both SD-RSRP and SL-RSRP.
[bookmark: _Ref68197794]Proposal 1: RAN2 to confirm that for PC5 radio measurements of a relay UE to be used in evaluation of relay (re)selection (including both SD-RSRP and SL-RSRP), layer 3 filtering is applied.
For hysteresis, TS 36.331 specifies:
	5.10.11.4	Selection and reselection of sidelink relay UE
<omitted..>
2>	if the UE does not have a selected sidelink relay UE:
3>	select a candidate sidelink relay UE which SD-RSRP exceeds q-RxLevMin included in either reselectionInfoIC (in coverage) or reselectionInfoOoC (out of coverage) by minHyst;



The minHyst is defined as units of dB. To avoid Ping-pong relay reselection, the hysteresis can also be considered in NR.
[bookmark: _Ref68197795]Proposal 2: Similar to LTE, a hysteresis is needed in relay reselection procedure when measuring the RSRP, to avoid potential ping-pong effects.
2.2 Additional AS layer criteria 
In RAN2 #112e meeting [1], it was agreed:
	Agreements:
Proposal 12 [Easy]: Additional AS layer criteria can be considered in WI phase for both Layer 2 and layer 3 U2N relay solutions.  
Proposal 14 [Easy]: Additional AS layer criteria can be considered in WI phase for both Layer 2 and layer 3 U2U relay solutions.  


As L2 and L3 are both supported for normative work, the co-existence between L2 and L3 architecture should be considered, which is elaborated in [4], e.g.  the Network/Relay UE/Remote UE may support both L2 and L3 relay architectures, or just one of them. The following is an example:
		


	RAN support
Relay UE support




	L2 only
	L3 only
	Both L2 and L3

	Relay UE L3 Remote UE support

Remote UE L3 only
	No
	Yes
	Yes

	Relay UE both L2 and L3
Remote UE both L2 and L3
	Yes
	Yes
	Yes (select L2 or L3)


Table 1 Example of Relaying possibility based on remote UE, relay UE and RAN support of relay architecture
It also has impacts on relay (re)selection. E.g. if remote UE supports L2-only but relay UE supports L3-only, the relay UE should not be selected. 
[bookmark: _Ref68197786]Observation 2: The relay architecture (i.e. L2/L3) supported by remote UE and relay UE may be different.
[bookmark: _Ref68197796]Proposal 3: If L2 and L3 relay architectures co-exists, the relay architecture (i.e. L2/L3) supported by relay UE should be considered as new criterion for relay (re)selection.
Other potential enhancements on criteria for relay (re)selection have been discussed in the email discussion [5]. Followings are examples listed in related question:
	Question 2-1: Do you agree that one or more of the following options needs to be considered as part of relay (re)selection criteria for U2N relay use case?
a)	Uu link quality between candidate relay UE and gNB;
b)	Relay UE load;
c)	RRC states of candidate relay UE;
d)	Cell ID of the serving cell of candidate of relay UE ,
e)	Access restrictions on the cell (e.g., UAC parameters, imsEmergency);
f)	SL configuration (e.g., frequency bands, mode 1/2)
g)	Direct Uu link quality between an in-coverage remote UE and gNB. 
h)	Other, please specify
1) Relay UE’s configured priority value
2) PLMN ID


For Relay load, it is supported by a number of companies during the email discussion but without a clear definition.  In our mind, the relay load can be modelled in different ways, e.g., a simple definition could be the number of remote UEs or the number of unicast links that the relay UE is serving. Another example could be the bandwidth/resources that the relay UE have already occupied which means the relay UE may not be able to serve the remote UE if needed bandwidth/resources cannot be satisfied. At the same time, it seems much efforts would be needed if we try to specify the concrete definition of Relay load, therefore, we can also keep the relay load evaluation up to UE implementation. Instead, we could simply discuss how the relay UE should indicate its relay load, e.g. a simple indication consists of three high/medium/low load level at relay UE, or use percentage as the load level, etc. Therefore, we propose:
[bookmark: _Ref54270575][bookmark: _Ref68197797][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: Relay load can be considered as new criterion for relay (re)selection. FFS how to perform the load evaluation (e.g. based on UE implementation).
[bookmark: _Ref54270577]Proposal 5: RAN2 to discuss the form and content of indication of Relay Load at relay UE if it is supported as relay (re-)selection criterion.
Another criterion which can be beneficial is the RRC state of relay UE. It will be good to consider relay UE’s RRC state because Relay UE is supposed to stay in RRC_CONNECTED when serving for remote UE, and if IDLE/INACTIVE relay UE is selected then a RRC connection setup procedure is needed for relay UE which may cause more delay, and this is critical in cases when the PDB requirement is stringent. To make matters worse, the relay UE can even be rejected by the gNB in its own RRC connection setup e.g. because of access control, making the remote UE have to reselect to another UE. Therefore, it is better to consider the RRC state of Relay UE. The information may be carried in discovery message, or we can only allow the RRC_CONNECTED relay UE to response to delay sensitive service. The details can be FFS.
[bookmark: _Ref68197789]Observation 3: If a remote UE selects a relay UE which is RRC IDLE/INACTIVE, a following RRC connection setup is needed by relay UE which may cause more delay and even not succeed. 
[bookmark: _Ref68197801][bookmark: _Ref68264092]Proposal 6: RRC state of Relay UE can be considered as new criterion for relay (re)selection. Details are FFS.
2.3 SD-RSRP vs. SL-RSRP
According to the agreement:
	Agreements:
Proposal 3: Remote UE may also use SL-RSRP measurements on the Sidelink unicast link to evaluate whether PC5 link quality with a relay UE satisfies relay reselection criterion.  Details e.g. in case of no transmission on the unicast link can be discussed in WI phase.


[bookmark: _Ref54270574]As we know, in R16 sidelink, one of the main differences between the SL-RSRP measurements on the Sidelink unicast link and the RSRP measurements on the Uu link is that the reference signal is not periodically transmitted. In this sense, we could consider the SL-RSRP as a supplement to SD-RSRP and the simplest way is that both of them could trigger relay reselection, based on one or two respective thresholds configured. By this method, when no data transmission is performed, only the SD-RSRP will be compared to the threshold, and when both SL-RSRP and SD-RSRP is present, either one of SL-RSRP or SD-RSRP fulfil the threshold requirement, the remote UE would trigger relay reselection.
[bookmark: _Ref68197802][bookmark: _Ref68264100]Proposal 7: SL-RSRP and SD-RSRP can both be used to trigger relay reselection at remote UE, based on configured thresholds.  Either SL-RSRP or SD-RSRP fulfil the threshold condition, the remote UE would trigger relay reselection. FFS if one common threshold or two respective ones is needed.
[bookmark: _Ref68197803]Proposal 8: When no data transmission on the unicast link, only the SD-RSRP will be compared to the threshold for remote UE to trigger relay reselection.
2.4 gNB involvement in L2/L3 relay
In RAN2 #112e meeting, the following agreement is reached:
	Agreement:
Proposal 10: For CONNECTED remote UE in Layer 2 U2N scenario, gNB decision on relay selection/reselection is considered in WI phase under the above baseline (P1-P9).  


The main discussion point is that whether relay relay selection/reselection should be indicated/controlled by gNB in L2 U2N scenario, considering for L2 architecture the gNB should control almost all of UE’s behaviors.
However, when we agree the principles for relay (re)selection which are inherited from LTE, we also have an agreement:
-	Proposal 9 [Easy]: P1-P8, as a baseline for relay (re)selection, apply to both U2N and U2U scenarios, and for both Layer 2 and Layer 3 solutions.  
To make gNB control relay selection/reselection seems an optimization which only applies to L2 U2N. We should focus on the common parts for now.
Furthermore, in RAN2 #91 meeting, it was agreed:
	RAN2 #91 agreements
Relay Selection/re-selection for in-coverage remote UE
•	  An in-coverage remote UE performs relay selection (using the same selection criteria as out-of-coverage)
•	  In connected mode, after selecting a relay, the remote UE informs the eNB using the UESidelinkInformation similar to Rel-12.  The remote UE indicates in the message that the request is for relay one-to-one communication purposes.  The eNB similar to rel-12 can chose to provide or not provide resources for relay communication.


We think the idea that a connected remote UE can inform the base station after selecting a relay UE, can be reused in NR. Then, we can have a unified relay (re)selection procedure for both L2/L3 by using (pre)configured threshold, and anyway the connected remote UE can inform the gNB in L2 scenario, so that the whole procedure doesn’t need to be fully initiated/controlled by gNB. And the threshold is configured by gNB, thus it can be somehow handled by gNB anyway.
[bookmark: _Ref68197790]Observation 4: gNB can control the relay (re)selection by configuring threshold with different values in L2/L3 relay scenario.
[bookmark: _Ref68197804]Proposal 9: For both L2 and L3, the relay (re)selection is triggered by remote UE by using (pre-)configured threshold. No need to consider extra gNB involvement in L2 scenario.
3. Conclusion
We have the following observation and proposals:
Observation 1: It was agreed to use SD-RSRP and SL-RSRP for relay (re)selection in Rel-17, by comparing the PC5 radio measurements of a relay UE with the (pre)configured threshold.
Observation 2: The relay architecture (i.e. L2/L3) supported by remote UE and relay UE may be different.
Observation 3: If a remote UE selects a relay UE which is RRC IDLE/INACTIVE, a following RRC connection setup is needed by relay UE which may cause more delay and even not succeed.
Observation 4: gNB can control the relay (re)selection by configuring threshold with different values in L2/L3 relay scenario.

Reuse of LTE baseline
Proposal 1: RAN2 to confirm that for PC5 radio measurements of a relay UE to be used in evaluation of relay (re)selection (including both SD-RSRP and SL-RSRP), layer 3 filtering is applied.
Proposal 2: Similar to LTE, a hysteresis is needed in relay reselection procedure when measuring the RSRP, to avoid potential ping-pong effects.

New criterion for relay (re)selection
Proposal 3: If L2 and L3 relay architectures co-exists, the relay architecture (i.e. L2/L3) supported by relay UE should be considered as new criterion for relay (re)selection.
Proposal 4: Relay load can be considered as new criterion for relay (re)selection. FFS how to perform the load evaluation (e.g. based on UE implementation).
Proposal 5: RAN2 to discuss the form and content of indication of Relay Load at relay UE if it is supported as relay (re-)selection criterion.
Proposal 6: RRC state of Relay UE can be considered as new criterion for relay (re)selection. Details are FFS.

Use of SD-RSRP and SL-RSRP
Proposal 7: SL-RSRP and SD-RSRP can both be used to trigger relay reselection at remote UE, based on configured thresholds.  Either SL-RSRP or SD-RSRP fulfil the threshold condition, the remote UE would trigger relay reselection. FFS if one common threshold or two respective ones is needed.
Proposal 8: When no data transmission on the unicast link, only the SD-RSRP will be compared to the threshold for remote UE to trigger relay reselection.

gNB involvement in L2 Relay
Proposal 9: For both L2 and L3, the relay (re)selection is triggered by remote UE by using (pre-)configured threshold. No need to consider extra gNB involvement in L2 scenario.
Reference
1. [bookmark: _Ref68190616][bookmark: _Ref68187001]RAN2 #112e meeting chairman notes
1. [bookmark: _Ref68190641]R2-154796, Report of email discussion [91#31][LTE/D2D] Relay selection and reselection, Qualcomm, 3GPP TSG-RAN WG2 Meeting #91Bis, Malmo, Sweden, 05-09 October 2015
1. [bookmark: _Ref68187002]RAN2 #91bis chairman notes
1. [bookmark: _Ref68192708]R2-2103328, Discussions on L2 and L3 relay co-existence, vivo, 3GPP TSG-RAN WG2 Meeting #113bis-e, E-Meeting, 12th - 20th April 2020
1. [bookmark: _Ref68190775]R2-2009523, Summary Report of [Post111-e][622][Relay] Relay selection and reselection, Apple (rapporteur), 3GPP TSG-RAN WG2 #112-e, E-meeting, November 2-13 2020
1. [bookmark: _Ref54122260]R2-2007039, Scope and Scenarios of SL relay, vivo, 3GPP TSG-RAN WG2 Meeting #111 e, E-Meeting, 17th – 28th August, 2020;
