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1 	Introduction
In Rel-17 SL relay work, L2 U2N relay UE advertises a cellular access service on behalf of NW, but NW does not have a solid method to identify each U2N relay UE. This at least creates some issues for L2 handover procedures for service continuity, but also exposes a bigger management problem about  L2 U2N relays, e.g., how remote UE identify and inquiry for a particular relay UE in relay discovery procedure. In this paper, we discuss this issue and potential solutions for this problem. 
In this paper, we discuss this issue and potential solutions.
2	Discussions
2.1 	Problem in handover procedure
For Rel-17 SL relay work, the intra-gNB direct-to-indirect handover is supported. For this case, the serving gNB of relay UE need prepare and configure the relay UE (at least for RRC_CONNECTED relay UE) for the indirect path setup after choosing the relay UE. However, since relay UE identifier (e.g., U2N relay UE ID) is not part of current UE context in NG-RAN, it is unclear how this step 2 could be done, as shown in the signalling flow below.
[image: ]
Literally, although RAN2 has agreed the usage of “U2N relay UE ID” in the following description of the direct-indirect handover, the gNB has some difficulty to link “U2N relay UE ID” with the” target U2N Relay UE”. 

	1. The U2N Remote UE reports one or multiple candidate U2N Relay UE(s) and legacy Uu measuraments, after it measures/discovers the candidate U2N Relay UE(s).
- The UE may filter the appropriate U2N Relay UE(s) according to Relay selection criteria before reporting. The UE shall report only the U2N Relay UE candidate(s) that fulfil the higher layer criteria.
- The reporting can include at least U2N Relay UE ID, U2N Relay UE’ s serving cell ID, and SD-RSRP information.
2. The gNB decides to switch the U2N Remote UE to a target U2N Relay UE. Then the gNB sends an RRCReconfiguration message to the target U2N Relay UE,
3. The gNB sends the RRCReconfiguration message to the U2N Remote UE. The contents in the RRCReconfiguration message can include at least U2N Relay UE ID, PC5 RLC configuration for relay traffic and the associated end-to-end radio bearer(s). The U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB.



The root cause of the problem is at least two-fold:
First, how this U2N relay UE ID is reported by the remote UE is unsolved, as there is no such IE in the current relay discovery message.
Observation 1 	U2N relay UE ID is missing in Relay discovery message.
Then, as this ID is communicated via PC5 interface and it is not a known Uu identifier like C-RNTI, gNB can’t use it to identify the target relay UE w/o recognizing this identifier.
Observation 2 	Per current R17 design, U2N relay UE ID cannot be recognized by gNB.
2.2 	LTE ProSe Relay 
It is beneficial to check the 3GPP history to see how this relay UE identifier problem is solved in LTE ProSe designs. In 3GPP TS 23.303,
The following parameters are used in the UE-to-Network Relay Discovery Announcement message (Model A):
-	ProSe Relay UE ID: link layer identifier that is used for direct communication and is associated with a Relay Service Code. A UE-to-Network Relay shall have a distinct ProSe Relay UE ID for each Relay Service Code. For support of multiple PDN Connections, the ProSe UE-to-Network Relay is assigned a different ProSe Relay UE ID for each PDN Connection.
Then, in TS 24.334, the ProSe relay UE ID is encoded as part of PC5_DISCOVERY message:
 Table 11.2.5.1.4: PC5_DISCOVERY message for UE-to-Network Relay Discovery Announcement
	Information Element
	Type/Reference
	Presence
	Length (bits)

	Message Type (NOTE)
	Message Type
12.2.2.10
	M
	8

	Relay Service Code
	Binary
12.2.2.51
	M
	24

	Announcer Info
	Binary
12.2.2.50
	M
	48

	ProSe Relay UE ID
	Binary
12.2.2.49
	M
	24

	Status Indicator
	Binary
12.2.2.67
	M
	8

	Spare
	Binary
12.2.2.56
	M
	80

	MIC
	Binary
12.2.2.11
	M
	32

	UTC-based Counter LSB
	Binary
12.2.2.22
	M
	8

	NOTE:	The Discovery Type is set to "Restricted discovery", the Content Type is set to "UE-to-Network Relay Discovery Announcement or UE-to-Network Relay Discovery Response" and the Discovery Model is set to "Model A".



ProSe Relay UE ID is also used in model-B discovery in LTE ProSe:
 Table 11.2.5.1.5: PC5_DISCOVERY message for UE-to-Network Relay Discovery Solicitation
	Information Element
	Type/Reference
	Presence
	Length (bits)

	Message Type (NOTE 1)
	Message Type
12.2.2.10
	M
	8

	Relay Service Code
	Binary
12.2.2.51
	M
	24

	Discoverer Info
	Binary
12.2.2.50
	M
	48

	URDS Composition
	Binary
12.2.2.66
	M
	8

	[bookmark: OLE_LINK542][bookmark: OLE_LINK543][bookmark: OLE_LINK240]ProSe Relay UE ID
	Binary
12.2.2.49
	C
(NOTE 2)
	24

	Spare
	Binary
12.2.2.56
	M
	80 or 104
(NOTE 3)

	MIC
	Binary
12.2.2.11
	M
	32

	UTC-based Counter LSB
	Binary
12.2.2.22
	M
	8

	[bookmark: OLE_LINK538][bookmark: OLE_LINK539]NOTE 1:	The Discovery Type is set to "Restricted discovery", the Content Type is set to "UE-to-Network Relay Discovery Solicitation" and the Discovery Model is set to "Model B". 
[bookmark: OLE_LINK794][bookmark: OLE_LINK795]NOTE 2:	Presence of the ProSe Relay UE ID is indicated by the URDS Composition.
NOTE 3:	If the ProSe Relay UE ID is present, then the length of the Spare is80 bits. If ProSe Relay UE ID is not included, then the length of the Spare is 104 bits.



Based on the above, we can conclude that LTE ProSe does have a NW-based solution to identify relay UE and the 24-bit relay UE identifier is part of discovery message. 
Observation 3 	in LTE, ProSe Relay UE ID is assigned by NW and included in PC5 discovery message for both model A and model B discovery.
Also, each ProSe relay UE ID is associated with a different RSC (relay service code)
Observation 4 	in LTE, Different ProSe Relay UE IDs are used for different ProSe relay services.
2.3 	Exploring Solutions for NR ProSe Relay 
The U2N relay UE ID issues is barely discussed in earlier RAN2 meetings. In RAN2#115-e, the following proposals for AS layer solution are provided in [3]:
Proposal 1: Relay UE ID included in measurement report is the Source L2 ID received in discovery message as defined in SA2 TS 23.304 clause 5.8.3.1. 
Proposal 2: For gNB to be aware of Relay UE in measurement report, Relay UE’s Source L2 ID in discovery message can be included in SidelinkUEInformationNR message. 
However, we think using UE self-chosen Source L2 ID has some obvious problems. First, multiple relay UEs may choose the same source L2 identifier, then the gNB cannot uniquely identify the correct relay UE context. 
Observation 5 	let relay UE self-chosen relay UE identifier cause collision issue.
Second, as relay UE may change the source L2 ID arbitrarily, the gNB must be burdened with linking the earlier and later measurement reports regarding the same relay UE when relay UE changes its self-chosen ID. Noted that remote UE itself does not know the relay UE has switched to a new ID, so it may discover procedure will report this as two different relay UEs and enclose them in two different measurement reports.  
Moreover, the ID change need to also be in sync with the remote UE and gNB.  That synchronization will not occur at the same time as those communications occur in PC5 and Uu interface respectively. Whenever remote UE and gNB may out of sync of the relay UE ID change, then gNB will not be able to interpretate the measurement reports (using the new ID) correctly, as shown in the example in Figure 1.
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Figure 1: Out of Sync issue for when UE chosen Relay ID changes
Observation 6 	Self-chosen ID may change any time. This not only bring challenges for gNB management of measurement reports of relays, but also remote UE and gNB may be out of sync about relay UE ID change.
Third, as there is no specific relay UE ID in the discovery procedure, the model B discovery is limited to only solicit a particular service with RSC, but not able to query a particular relay UE. This limits the functions and usage of model-B discovery. For example, a remote UE will be unable to solicit a particular relay UE to obtain SD-RSRP measurements of that relay. Instead, it can only solicit all relay UEs in the proximity and that will create waste in signaling overhead in SL-SRB4.
Observation 7 	Using Src L2 ID as relay UE identifier will not allow model-B discovery to query for a particular relay UE.
Finally, self-chosen Src L2 ID may not have an association relationship with different relay service code, so relay UE and gNB will be blind about which relay service the remote UE is really interested in. 
Observation 8 	Using Src L2 ID as relay UE identifier may lack of differentiation of relay services.
Given that RAN2 still has many important issues in both control plane and user plane to discuss, we think it is problematic to spend RAN2 time in designing an AS-layer relay UE identifier solution to solve all of above problems, Some of the above problems cannot even be solved without upper layer involvements. 
In LTE ProSe, the upper layer solution is used to address this issue and can be easily adopted as a baseline for NR ProSe relay. For example, SA2 can introduce “ProSe Relay UE ID” as part of the discovery message. Upper layer solution can also reuse the same procedure to provision this identifier to the relay UE and the same Model-A/Model-B discovery procedures to handle this identifier. 
Proposal 1 	Using LTE ProSe solution as baseline, RAN2 prefers an upper layer solution to U2N relay UE identifier problem.
Then regarding the U2N relay UE ID used in Layer 2 U2N relay design, gNB has to know this ID too. How this ID is communicated to gNB, we think this is a system architecture issue, and it is up to SA2 to decide. For example, NW can pass this relay UE Identifier to gNB via NGAP along with ProSe Relay authorization via NGAP signaling. 
Anyway, the identifier issue for L2 U2N relay is still FFS as indicated in the editor’s notes in TS 23.304 [4]. Hence, it is proper for SA2 to come up with a clean solution for this.
	[bookmark: _Toc69883538][bookmark: _Toc73625553][bookmark: _Toc81988390]5.8.3.3	Identifiers for 5G ProSe Layer-2 UE-to-Network Relay
Editor's note:	It is FFS what identifiers are used in addition to the identifiers specified in clause 5.8.3.1 for Layer-2 UE-to-Network Relay use case.
Editor's note:	It is FFS with what information the RSC is associated for Layer-2 UE-to-Network Relay use case.



Proposal 2 	For Layer 2 U2N relay , it is up to SA2 to decide how gNB is aware of the relay UE identifier.
Finally, RAN2 shall send a LS to SA2 to trigger the work on this problem in SA2. A draft LS is provided in [5].
Proposal 3 	RAN2 sends an LS to SA2 to trigger SA2 work on U2N relay UE identifier issue.
3	Conclusion
In this paper, we have investigated the relay UE identifier issue, and have the following observations.
Observation 1 	U2N relay UE ID is missing in Relay discovery message.
Observation 2 	Per current R17 design, U2N relay UE ID cannot be recognized by gNB.
Observation 3 	in LTE, ProSe Relay UE ID is assigned by NW and included in PC5 discovery message for both model A and model B discovery.
Observation 4 	in LTE, Different ProSe Relay UE IDs are used for different ProSe relay services.
Observation 5 	let relay UE self-chosen relay UE identifier cause collision issue.
Observation 6 	Self-chosen ID may change any time. This not only bring challenges for gNB management of measurement reports of relays, but also remote UE and gNB may be out of sync about relay UE ID change.
Observation 7 	Using Src L2 ID as relay UE identifier will not allow model-B discovery to query for a particular relay UE.
Observation 8 	Using Src L2 ID as relay UE identifier may lack of differentiation of relay services.
Then, we have the following proposals:
Proposal 1 	Using LTE ProSe solution as baseline, RAN2 prefers an upper layer solution to U2N relay UE identifier problem.
Proposal 2 	For Layer 2 U2N relay , it is up to SA2 to decide how gNB is aware of the relay UE identifier.
Proposal 3 	RAN2 sends an LS to SA2 to trigger SA2 work on U2N relay UE identifier issue.
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