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1 Introduction
Regarding the U2U relay work, RAN2#121bis-e [1] has reached the following agreements:
	· For the integrated-discovery case, the relay UE forwards the discovery message for DCR message with integrated Discovery case only if the PC5 RSRP between the relay UE and the source remote UE is above a threshold.

· For Model-B discovery, after receiving a discovery message from a relay UE, a target remote UE transmits the discovery response message only if the PC5 RSRP between the target remote UE and the relay UE is above a configured threshold.  FFS if there is separate impact for this agreement from the relay selection functionality.

· Both mode-1 and mode-2 resource allocation can be supported on both remote UE and relay UE in U2U relay case.  No impact to legacy resource allocation procedures is expected.

· End-to-end PC5 RRC connection between source remote UE and target remote UE is supported, in addition to PC5-RRC connections between each remote UE and the relay UE.  This does not imply support of all PC5-RRC procedures between the remote UEs.

· Each remote UE (source or destination) can trigger relay selection based on the direct link quality.  FFS interaction between discovery and selection.

· Multiplexing of different destinations in the same RLC channel of the first hop is supported.

· RAN2 confirms that multiplexing of the different bearers from the different source remote UEs into the same RLC channel in the second hop is supported.

· Relay UE determines the egress RLC Channel based on the mapping of E2E bearer ID and egress RLC Channel for a particular pair between source remote UE and target remote UE.

· A one-to-one correspondence between end-to-end PC5 RRC connection and end-to-end PC5 unicast link is supported as legacy.

· E2E PC5-RRC connection is considered to be established after a corresponding E2E PC5 unicast link is established.  FFS how configurations for e2e SL-SRBs are supported.

· WA: E2E bearer ID (i.e., configuration index in the list of SLRB configurations) is used as input for the L2 U2U relay ciphering and deciphering at PDCP.

· LS to SA3 to confirm the feasibility of using the configuration index.


In this paper, we discuss the remaining FFS issues and other open issues for UE-to-UE relay design.

2 Discussion  
2.1
SRAP header design
It has been confirmed by RAN2 in RAN2#121 [2]: 
· Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop.
Then, in RAN2#121bis-e [1], it has been further agreed that:
· RAN2 confirms Remote UE determines the egress RLC channel based on the mapping from the E2E bearer ID to egress RLC channel, for a particular target Remote UE.
Please also note that RAN2#121bis-e [1] has reached on a working assumption that: “E2E bearer ID (i.e., configuration index in the list of SLRB configurations) is used as input for the L2 U2U relay ciphering and deciphering at PDCP.”

Given that the above agreements and working assumption are applicable to both SL SRB and SL DRB, we need consider the possible overlapping issue of bearer ID between SRBs and DRBs. For example, “bearer ID =1” can mean either SL SRB1 or SL DRB1. Such an ambiguity must be clarified for ensuring proper SRAP operations and PDCP security functions. 
In Rel-17 L2 U2N relay design, the SRB/DRB differentiation is based on an implicit method. For example, for a DL traffic, the relay UE need to recognize the SRB vs. DRB based on incoming Uu relay RLC channel, as shown in TS 38.351 [3]:

-For the BEARER ID shared by both SRB and DRB, SRB and DRB are differentiated based on sl-RemoteUE-RB-Identity associated with the entry containing the sl-EgressRLC-ChannelUu which matches the LCID of the Uu Relay RLC Channel from which the SRAP Data PDU is received
We think the above legacy implicit method has some drawbacks: 

· It adds the UE complexity as UE is unable to determine next-hop forwarding solely based on SRAP header itself., 

· It prevents the SRB/DRB traffic to be multiplexed in the same PC5 relay RLC channel even if their QoS requirements are similar or identical. 

· UE may mis-identify the RB when remote UE and relay UE’s respective SRAP configuration are not fully aligned due to configuration delay/glitch.

Hence, we think in Rel-18 U2U relay design, the SRB/DRB differentiation issue needs to be resolved in a better way, i.e., containing all necessary information of end-to-end RB within the SRAP header. Also, to ensure the PDCP layer security can work along with the SL SRB and SL DRBs when LCIDs are no longer used, we need two different numerical values to represent SL-SRB x and SL-DRB x. This can be addressed by one of the two following methods:

1) one additional “bit” in BEARER ID field to distinguish SRB and DRB; or 
2) a fixed numerical space e.g., 0 to N-1 can be reserved for N SRBs, and DRB will be enumerated from N.
So, we have the following proposals for this issue:
Proposal 1
Sidelink SRB/DRB differentiation is included in the SRAP header for U2U Relay.
Proposal 2
RAN2 consider one of the following options for BEARER ID field for U2U SRAP: 1) one extra bit in BEARR ID field to distinguish SRB and DRB; 2) Reserved numerical space from 0 to N-1 to represent N SL-SRBs, while SL-DRB numbering starts from N.
Then, regarding the two FFS below regarding the UE ID design in U2U relay SRAP:

- FFS if the IDs are different (e.g., source and destination UE IDs) or common (e.g., a local ID for the pair).

- FFS whether both UE IDs are included in the header or the relay UE does a mapping.
There are some proposals based on offline discussion in RAN2#121bis-e meeting [1] regarding the SRAP design, which has been summarized as part of R2-2304304 [4], as shown below:
	[Easy][23:0]Proposal 5a: Option 1 (Target remote UE ID (layer-2 ID) in first hop and source remote UE ID (layer-2 ID) in second hop) is excluded.

[ToDis] Proposal 5b: In Rel-18 with a single relay, ID(s) in option 4/5 should be same in each hop to avoid replacing ID in the SRAP header when relay UE transfers the received packet.

[ToDis] Proposal 5c: RAN2 to discuss which ID (24-bit layer-2 ID or short ID) can be used in SRAP header. 

· If 24-bit layer-2 ID is used in the SRAP header, Option 3 (both source remote UE 24-bit layer-2 ID and target remote UE 24-bit layer-2 ID included in each hop) can be agreed.
[ToDis] Proposal 5d: If short ID is agreed, RAN2 to discuss which option can be agreed.  

· Option 2: Target remote UE ID (local ID) in first hop and source remote UE ID (local ID) in second hop. (8)

· Option 4: Both source remote UE ID (local ID) and target remote UE ID (local ID) included in each hop. (11)

· Option 5: A local pair ID for a pair between source UD and target remote UE included in each hop. (9)

[Easy] [15:1] Proposal 5e: If short ID (one of Option 2, Option4 and Option 5) is agreed, relay UE is responsible for ID assignment.


In general, there are two approaches for the UE ID issue. One is based on 24-bit L2 address, and one is based on locally generated “short” ID. Both approaches are feasible. The advantage of the 2nd approach is obvious that each user plane data PDU does not need to add 48 bits (6 octets) of addresses to formulate the SRAP PDU which is to be transported from one remote UE to the peer remote UE. However, the 2nd approach has an issue with multi-hop relay case. If Rel-19 work on multi-hop U2U relay is endorsed, we need extend the SRAP header design for multi-hop relay case. The local IDs are not really “end-to-end” and need to be removed and replaced by each relay UE before each next-hop forwarding. Only with this, the local ID(s) in SRAP header can be recognized by the relay UE in downstream. Therefore, we slightly prefer to simply use L2 address in SRAP header for L2 U2U relay, after weighing the pros and cons of both approaches.

Proposal 3
SRAP header including both Source L2 address and Destination L2 address is used in U2U Relay adaptation layer.
But if RAN2 decides to go along with the local ID design, then we think it is better to consider the “local ID” related signaling design issue for both single hop case and multi-hop case. 
First, it has been indicated that the majority view of RAN2 is that relay UE shall be responsible to allocate local ID(s). We also agree that there is no advantage to have the remote UE to perform this local ID assignment.

Proposal 4
If local ID is to be used in SRAP, L2 U2U relay UE is responsible for local ID assignment.
Then, among the three short ID options below:

· Option 2: Target remote UE ID (local ID) in first hop and source remote UE ID (local ID) in second hop. (8)

· Option 4: Both source remote UE ID (local ID) and target remote UE ID (local ID) included in each hop. (11)

· Option 5: A local pair ID for a pair between source UD and target remote UE included in each hop. (9)

If we consider the user plane overhead in SRAP header, for sure that the Option 2 < Option 4 = Option 5. This is because Option 5 need the full pair ID to represent the end-to-end link which is anchored on <source remote UE,  target remote UE>. As a result, an 8-bit pair ID is equivalent to adopting two 4-bit local IDs to identify 256 different end-to-end PC5 links crossing this L2 U2U relay UE, as 28= 24*24 = 256.

Second consideration is about the control plane overhead.  As the locality of the “local ID” is only from a single relay perspective, the relay UE has to share the local ID assignments via PC5-RRC procedures with remote UEs in single-hop relay case, and remote UE(s) and/or adjacent relay UE(s) in the multi-hop relay case. This includes at least one control signaling from the downstream node, as shown in Figure 1.
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Figure 1: Comparison of different signaling overhead for Local ID allocation Options for multi-hop U2U relay

As we can see from Figure 1:
1. For Option 2& Option 4, relay UE’s local ID mapping will be of the size O(N) if each local ID represents one remote UE. E.g., for a 4-bit local ID, the relay UE only need to share up to 16 local IDs to the upstream relay node in PC5-RRC message.

2. For Option 5, relay UE’s local ID mapping will be of size O(N2) if each 8-bit ID represents the pair of remote UEs (end-to-end link), then the relay UE will need to share up to 256 pair IDs to its upstream relay node in PC5-RRC message.
Based on the analysis above, we can see that there is no obvious advantage to use Option 5, whereas it will incur more overhead. So, RAN2 only need to consider Option 2 and Option 4 if local ID is to be used. 

Proposal 5
If local ID is to be used in SRAP, RAN2 choose either Option 2 or Option 4.
2.2
PC5-RRC procedure for Layer-2 U2U relay configuration

For Layer 2 U2U relay, the PC5 hops between L2 remote UE and L2 Relay UE are established first, and then end-to-end unicast PC5 link are to be established after that, as indicated Stage 2 TS 23.304 clause 6.7.2. However, from AS layer perspective, certain AS layer configuration must be also done before the e2e unicast link can even be initiated, and those configurations will involve both remote UEs and relay UE, as shown in the Figure 2 below.
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Figure 2: High-level Signalling flow for L2 U2U Relay end-to-end link establishment
Only after the PC5-RRC procedure has configured the PC5 Relay RLC channels and SRAP-related mappings and parameters, in both PC5 hops, the first SL-SRB message (e.g., end-to-end DCR) can be delivered correctly end-to-end. Thus, we propose: 
Proposal 6
PC5-RRC procedures are triggered after per-hop PC5 link is established to prepare the AS layer configurations for end-to-end PC5 unicast link setup. 
For Layer 2 U2U relay support, PC5-RRC procedure can be at least used for the following purposes:

1) QoS split for an end-to-end SLRB
2) PC5 Relay RLC channel configurations for end-to-end SL-SRB and SL-DRB
3) SRAP mappings for e2e bearer, if needed.
4) Local ID for U2U SRAP header allocation, if supported.
As it has been already agreed in SA2 that U2U relay UE is supposed to conduct the QoS split, we think it is wise to also have a unified design to let relay UE to handle the other two tasks in the same PC5-RRC procedure to reduce AS layer signalling complexity.

Proposal 7
Relay UE use a unified PC5-RRC procedure (e.g., RRCReconfigurationSidelink) to configure both remote UEs with QoS Split parameters, PC5 Relay RLC channel configuration, SRAP mapping and Local ID(s) for SRAP.
Regarding the necessary configuration to support end-to-end SL-SRB, it is clearly that this must be done before the initiation of any end-to-end PC5-S signalling. The PC5 Relay RLC channel and the corresponding SRAP mapping can be done either by fixed/default configuration as similar to SL-RLC0/SL-RLC1 used in Layer 2 UE-to-NW relay, or it can be configured by dedicated PC5-RRC signalling between relay UE and remote UE(s). In R18 L2 U2U relay, the PC5-RRC procedure will be used anyway for other purposes, we can simply reuse the same signalling procedure to also configure the support of PC5 Relay RLC channels for end-to-end SL-SRB.
Proposal 8
PC5 Relay RLC channel(s) to support SL-SRB(s) are to be configured by Relay UE via PC5-RRC before the establishment of end-to-end PC5 link.
Usually, the dedicated RRC configuration can be very flexible, so U2U Relay UE may configure multiple different PC5 relay RLC channels for different SL-SRBs, i.e., different SL-SRBs can be mapping to different PC5 Relay RLC channels. Nonetheless. For the support of end-to-end SL-SRB, some minimum reliability requirements must be met to ensure robust delivery of end-to-end PC5-S and/or PC5-RRC signalling. Hence, we think it is beneficial to restrict that only one RLC-AM based PC5 relay RLC channel is configured for mapping SL-SRBs (0/1/2/3). 

Proposal 9
Only RLC AM mode should be used for PC5 Relay RLC channel(s) mapped to support SL-SRB 0/1/2/3.
The PC5-RRC procedure is to be used to provide configurations for a particular end-to-end link. But there is a no clear way to identify this “to-be-established” end-to-end PC5 link in AS layer. In our understanding, the U2U relay UE knows the L2 addresses of both L2 U2U Remote UEs during the PC5 link setup procedure in each hop between remote UEs and relay UEs, as shown in Figure 3 below.
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Figure 3: L2 addresses used during the PC5 link Setup for Layer 2 UE-to-UE relay

L2 U2U relay UE may be able to correctly identify the end-to-end link with a pair of L2 addresses (i.e., <addr1, add4> in the example of Figure 2), which are used by each respective remote UE to communicate with relay UE. Nonetheless, the remote UEs do not recognize each other’s L2 address which are allocated during the PC5 hop setup, as the peer remote UE’s self-assigned source layer 2 ID has not ever been shared end-to-end. At this moment, L2 address awareness in each of the UE can be shown in Table 1 below:
	
	Addr 1
	Addr 2
	Addr 3
	Addr 4

	Source Remote UE
	Yes
	Yes
	
	

	Relay UE
	Yes
	Yes
	Yes
	Yes

	Target Remote UE
	
	
	Yes
	Yes


Table 1: L2 Address awareness before End-to-end link unicast link setup
As explained above, in case of a PC5-RRC procedure is initiated for the purpose of configuring AS layer support for an end-to-end PC5 link, the relay UE may enclose <address 1, address 4> in the PC5-RRC message, but Source Remote UE only recognize “address 1” as its L2 source ID which is used to communicate between itself and L2 U2U relay UE. The source U2U remote UE may not be able to interpretate “address 4” in a meaningful way to identify the end-to-end link. This is because U2U relay topologies allow multiple end-to-end links to be multiplexed in the same PC5 hop. If Source remote UE selects the same relay UE for reaching multiple different target UEs, the Source remote UE would be likely unable to associate/identify the correct end-to-end link by only knowing its own L2 address “address 1”.

We think this problem happens because upper layers fail to provide a common “handle” for AS layer to refer to the “to-be-established” end-to-end PC5 unicast link. L2 U2U relay discovery messages are only exchanged among L2 addresses reserved for the sake of relay discovery, according to SA2 replay LS [6]. Hence, L2 addresses used in relay discovery are orthogonal to the relay communication L2 addresses. Consequently, when relay discovery is completed, the relay UE and remote UEs does not have any further mutual knowledge of L2 communication identifiers, except Source-Info and Target Info, which are high layer information (e.g., application ID).  
In order to have this concern addressed, RAN2 need trigger SA2 discussion on this issue.  We think it is proper for RAN2 send a LS to SA2 for this problem.

Proposal 10
RAN2 send a LS to SA2 (as provided in Annex) to inquiry how AS layer can uniquely identify an end-to-end PC5 unicast link.
2.3
Relationship of U2U relay selection and U2U relay discovery
So far, RAN2 has agreed agreements which does not clearly distinguish the trigger of discovery transmission and trigger of relay selection. So far, there are the following agreements regarding relay discovery and selection triggers.
	· Relay selection triggers include at least 1) Upper layer trigger; 2) PC5 signal strength conditions.  RAN2 further discuss details for trigger 2). 

· Discovery message transmission at the remote UE is conditioned on at least upper layer indication.

· UE-to-UE relay selection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of the direct link falling below a threshold.  FFS which remote UE (or both) can trigger relay selection.  FFS the relationship between selection and discovery.

· For relay UE selection, the remote UE uses SL-RSRP measurements towards peer remote UE to trigger relay UE selection when there is data transmission on direct link.

· Each remote UE (source or destination) can trigger relay selection based on the direct link quality.  FFS interaction between discovery and selection.


So far, the relationship of relay discovery and relay selection is not very clear. Logically, the above-mentioned relay selection trigger “SL-RSRP measurements towards peer remote UE is below a threshold” can only happen when two remote UEs having ongoing direct traffic so that SL-RSRP can be measured. If the link quality of this direct link deteriorates, it will actually trigger one of the following two things first:
1) 5G ProSe UE-to-UE Relay Discovery with Model B as specified in 6.3.2.4.3 of TS 23.304 [5]; or
2) 5G ProSe Discovery integrated into PC5 unicast link establishment procedure, as specified in 6.7.3 of TS 23.304 [5].
For 1), the relay selection will only happen in the remote UE if there are one or multiple U2U relay UEs “discovered” in the above model-B discovery procedure. For 2), the relay selection is conduct by the target remote UE, not the source remote UE which triggers the so-called “integrated” procedure. Therefore, it is not correct to say “low SL-RSRP measurement of direct link triggers remote UE to do relay selection”. In lieu of the above agreements and FFS, we think RAN2 need clarify this with the following understanding to resolve the FFS issue above.
Proposal 11
When “SL-RSRP measurements towards peer remote UE is below a threshold”, the remote UE triggers one of the following:
1) “5G ProSe UE-to-UE Relay Discovery with Model B procedure” and the remote UE will then select a relay UE among the U2U relay candidate(s) discovered via Model B procedure; or
2) “5G ProSe Discovery integrated into PC5 unicast link establishment procedure” and the relay selection is to be done by the peer remote UE. 
A related FFS issue of the model-B discovery procedure is shown as below.
· For Model-B discovery, after receiving a discovery message from a relay UE, a target remote UE transmits the discovery response message only if the PC5 RSRP between the target remote UE and the relay UE is above a configured threshold.  FFS if there is separate impact for this agreement from the relay selection functionality.

As discussed above, there are some confusion of Rel-18 U2U discovery message transmission triggers and U2U relay selection triggers. In Rel-17 U2N relay, the relay selection is simple and clear:

1) Relay selection is always done by the U2N remote UE;

2) A single U2N relay UE is chosen.
3) U2N Relay selection does not trigger any discovery message transmission. In other words, the discovery message transmission always occur before the relay selection process. 

But in R18 U2U relay, the situation is more complicated, with the following observations:

1) Relay selection can be triggered and done by either of the remote UEs.

2) Only Model-A U2U relay discovery message transmission by the relay UE and Model-B U2U relay solicitation message from the source remote UE are purely based on discovery transmission triggers (i.e., RSRP thresholds).  

3) Discovery message transmission may happen after relay selection.

Regarding the point 3 above, when target remote UE transmits model-B discovery response message to a U2U relay UE, it also indicates an “implicit” relay selection, although this relay selection does not necessarily reduce the selection result to a single relay UE. It is obvious that the Model-B relay discovery response message is solely determined by an AS layer trigger (i.e., PC5-RSRP threshold). The higher layer of the target remote UE must be involved before deciding to “respond” to a U2U relay UE for U2U relay operation. The remote UE need evaluate additional higher layer and other AS layer criteria. For example, if the target remote UE has already use another U2U relay UE for another end-to-end link, it may want to reuse that one rather than select a new relay. So it may not want to transmit U2U discovery response message even if the new U2U relay meets the PC5-RSRP threshold condition.
Hence, in order to avoid further confusing agreements, we think RAN2 need draw a clean line to categorize/differentiate the “discovery message transmission threshold(s)” and “relay selection criteria” when drafting the related agreements. Therefore, we propose the following:
Proposal 12
RAN2 recognize that the remote UE transmission of “Model B U2U relay discovery response” is the result of target remote UE’s relay selection process. “PC5 RSRP between the target remote UE and the relay UE is above a configured threshold” is regarded as one of the criteria for target remote UE’s relay selection, not an independent trigger of U2U relay discovery message transmission.

2.4
U2U relay (re)selection criteria
Regarding the U2U relay (re)selection work, RAN2#121[2] has reached the following agreements:

	- For relay UE selection, the remote UE uses SL-RSRP measurements towards peer remote UE to trigger relay UE selection when there is data transmission on direct link.

- For relay UE reselection, the remote UE uses SL-RSRP measurements towards the relay UE to trigger relay UE reselection when there is data transmission on the indirect link.

- In both cases, it is left to remote UE implementation whether to use SL-RSRP or SD-RSRP for relay (re)selection trigger evaluation in case of no data transmission.

- FFS if there need to be different configured thresholds for SL-RSRP and SD-RSRP.

- Each Remote UE can trigger Relay reselection based at least on current hop quality.


Regarding the above FFS on whether there should be different thresholds for SL-RSRP and SD-RSRP measurements when those SL measurements are used for triggering relay (re)selection, we think different thresholds are needed. Based on Rel-16 NR SL design, SL broadcast and SL unicast are subject to different power control mechanisms. 

Basically, the PSSCH transmit power for sidelink broadcast and sidelink unicast is subjective to Uu link pathloss, while the PSSCH transmit power for sidelink unicast may be additionally subjective to sidelink pathloss. Also, a UE’s Uu link pathloss is independent of this UE’s sidelink pathloss to pair UE. Therefore, if we apply the same threshold to SL-RSRP and SD-RSRP, the remote UE will misunderstand the pathloss comparison between remote UE and a serving U2U relay UE and a potential U2U relay UE, and end up reselecting an inferior relay.

Proposal 13
Different thresholds configured for SL-RSRP and SD-RSRP are used to trigger U2U relay (re)selection.
RAN2 has agreed that “Each Remote UE can trigger Relay reselection based at least on current hop quality”. However, regarding the details about relay re)selection triggering based on “PC5 signal strength conditions”, we propose to further clarify this is to consider the PC5 link conditions for both hops. In other words, if the relay UE detects the radio link deteriorates in either of the PC5 hop, the relay reselection could be triggered. This is because whether a U2U relay is good or not depends on whether it can successfully reach the target remote UE or not. In U2N relay scenarios, the gNB does not move. So, the Uu link quality is less dynamic than that of U2U case. In U2U case, both the U2U relay UE and the target remote UE may move, so the PC5 strength of 2nd hop needs to be considered, if applicable.

Proposal 14
Relay (re-)selection triggers in remote UE need consider the PC5 signal strengths of both hops, if applicable.

There is one more criterion to be consider is “whether the PC5 link of the 2nd PC5 hop is already established.”. This is because if the PC5 link is already established, it is more convenient and faster to establish an end-to-end PC5 link between the source remote UE and target remote UE. So, this should be also added as an additional AS layer criterion for relay (re)selection considerations:
Proposal 15
“whether the PC5 link of the 2nd PC5 hop is already established or not” is considered as one of the criteria for relay (re-)selection.
2.5
U2U relay authorization
Regarding the SA2 LS [7] about the U2U relay authorization, which include the following questions:

	Regarding UE-to-UE Relay operation, it can be considered that "5G ProSe authorised" information sent by the AMF to NG-RAN may include one or more of the following:

1)
whether the UE is authorized to act as a 5G ProSe Layer-2 UE-to-UE Relay;

2)
whether the UE is authorized to act as a 5G ProSe Layer-3 UE-to-UE Relay;

3)
whether the UE is authorized to act as a 5G ProSe Layer-2 U2U UE;

4)
whether the UE is authorized to act as a 5G ProSe Layer-3 U2U UE.

Please note that "U2U UE" corresponds to "source UE" and "destination UE", and the terms related to UEs that are involved in UE-to-UE Relay operation are under discussion and have not been finalized in SA2.

SA2 Question 1: Whether the "5G ProSe authorised" information needs to be enhanced to include the authorization information for UE-to-UE Relay operation?

SA2 Question 2: If the answer to Q1 is yes, which bullet(s) need to be included?


We think the U2U relay authorization in NG-RAN is not essential for U2U relay work, but it may still be useful as NG-RAN node (i.e., gNB) still controls mode 1 Sidelink resource allocation, especially if U2U relay destination addresses are singled out in RRC information elements in SidelinkUEInformationNR, as similar to what has been done for UE-to-NW relay in TS 38.331. Even though there is no U2U traffic going through NG-RAN node, the gNB can still use ProSe U2U authorization and the information in SUI to decide whether it will provide necessary configurations and scheduled resources for a U2U remote UE or relay UE.

Proposal 16:
RAN2 reply to SA2 that ProSe authorization for U2U relay is still needed between AMF and NG-RAN.

But there is no real difference in NG-RAN operation regarding L2 and L3 U2U relay, so we prefer to not have distinctive L2 and L3 authorizations. 
Proposal 17:
No need to differentiation Layer 2 and Layer 3 in U2U relay authorization.

2.6
SRAP Control PDU
In Rel-17 Layer 2 U2N relay design, the “D/C” bit is introduced in SRAP header as SRAP protocol layer is expected to have control PDUs similar to other user plane protocols. However, due to the time limit and workload concerns, there is no any SRAP control PDU specified in Rel-17.

In general, we think SRAP layer provides a unique opportunity for relay UE to fine-tune its forwarding operation for each end-to-end radio bearer. From this perspective, the SRAP control PDU will be useful to deliver “dynamical” information critical to help relay UE making scheduling decisions to guarantee QoS for an end-to-end SLRB. For example, the source remote UE may temporarily adjust “remaining PDB” requirements for relay UE to be used in the 2nd PC5 hop scheduling, e.g., based on short-term variations of in the scheduling delay in the 1st PC5 hop. In another example, the source remote UE may identify one bearer as “urgent” in a SRAP control PDU, so that the SRAP PDU(s) of this end-to-end radio bearer can preempt other traffic buffered in relay UE temporarily.
In summary, we think it is proper for RAN2 to support SRAP control PDU in Rel-18 work, mainly aims to improve the QoS for end-to-end PDCP traffic. Details of the SRAP Control PDU(s) can be further discussed.
Proposal 18
Support SRAP control PDU design to enhance the relay UE’s operation of end-to-end radio bearer. Details of Control PDU(s) can be further discussed.
3 Conclusion
In this contribution, we discussed the design issues for UE-to-UE relay. We have the following proposals:

Proposal 1
Sidelink SRB/DRB differentiation is included in the SRAP header for U2U Relay.
Proposal 2
RAN2 consider one of the following options for BEARER ID field for U2U SRAP: 1) one extra bit in BEARR ID field to distinguish SRB and DRB; 2) Reserved numerical space from 0 to N-1 to represent N SL-SRBs, while SL-DRB numbering starts from N.
Proposal 3
SRAP header including both Source L2 address and Destination L2 address is used in U2U Relay adaptation layer.
Proposal 4
If local ID is to be used in SRAP, L2 U2U relay UE is responsible for local ID assignment.
Proposal 5
If local ID is to be used in SRAP, RAN2 choose either Option 2 or Option 4.
Proposal 6
PC5-RRC procedures are triggered after per-hop PC5 link is established to prepare the AS layer configurations for end-to-end PC5 unicast link setup. 
Proposal 7
Relay UE use a unified PC5-RRC procedure (e.g., RRCReconfigurationSidelink) to configure both remote UEs with QoS Split parameters, PC5 Relay RLC channel configuration, SRAP mapping and Local ID(s) for SRAP.
Proposal 8
PC5 Relay RLC channel(s) to support SL-SRB(s) are to be configured by Relay UE via PC5-RRC before the establishment of end-to-end PC5 link.
Proposal 9
Only RLC AM mode should be used for PC5 Relay RLC channel(s) mapped to support SL-SRB 0/1/2/3.
Proposal 10
RAN2 send a LS to SA2 (as provided in Annex) to inquiry how AS layer can uniquely identify an end-to-end PC5 unicast link.
Proposal 11
When “SL-RSRP measurements towards peer remote UE is below a threshold”, the remote UE triggers one of the following:
1) “5G ProSe UE-to-UE Relay Discovery with Model B procedure” and the remote UE will then select a relay UE among the U2U relay candidate(s) discovered via Model B procedure; or
2) “5G ProSe Discovery integrated into PC5 unicast link establishment procedure” and the relay selection is to be done by the peer remote UE. 
Proposal 12
RAN2 recognize that the remote UE transmission of “Model B U2U relay discovery response” is the result of target remote UE’s relay selection process. “PC5 RSRP between the target remote UE and the relay UE is above a configured threshold” is regarded as one of the criteria for target remote UE’s relay selection, not an independent trigger of U2U relay discovery message transmission.

Proposal 13
Different thresholds configured for SL-RSRP and SD-RSRP are used to trigger U2U relay (re)selection.
Proposal 14
Relay (re-)selection triggers in remote UE need consider the PC5 signal strengths of both hops, if applicable.

Proposal 15
“whether the PC5 link of the 2nd PC5 hop is already established or not” is considered as one of the criteria for relay (re-)selection.
Proposal 16:
RAN2 reply to SA2 that ProSe authorization for U2U relay is still needed between AMF and NG-RAN.

Proposal 17:
No need to differentiation Layer 2 and Layer 3 in U2U relay authorization.

Proposal 18
Support SRAP control PDU design to enhance the relay UE’s operation of end-to-end radio bearer. Details of Control PDU(s) can be further discussed.
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Title:
[draft] LS to SA2 on identifying end-to-end PC5 link in L2 UE-to-UE relay

Response to:


Release:
Rel-18

Work Item:
NR_SL_relay_enh, FS_5G_ProSe_Ph2

Source:
Apple (to be RAN2)
To:
SA2

Cc:


Contact Person: 

Name:           Zhibin Wu
E-mail Address:  zhibin_wu AT apple.com 

1. Overall Description:

End-to-end PC5 link between source remote UE and target remote UE is to be established for L2 UE-to-UE relay in Rel-18. However, when the AS layer of UE(s) initiate PC5-RRC procedures or user plane traffic related to this end-to-end link, it is unclear how to identify this end-to-end link in AS layer. For example, Layer 2 U2U remote UE’s AS layer does not know the L2 address pair which is supposed to identify this end-to-end link. This could be a problem because multiple different end-to-end links may be multiplexed in the same PC5 hop between a L2 U2U remote UE and a L2 U2U relay UE. 

Hence, RAN2 has the following questions:
Q1: Would upper layers of L2 U2U Relay UE and L2 U2U Remote UE provided unique identifier(s) to identify the end-to-end PC5 link to the AS layer?
Q2: If the answer to Q1 is Yes, would the upper layers specification ensure the identifier(s) are commonly known among the source remote UE, the target remote UE and the relay UE to identify a unique end-to-end link between the source remote UE and target remote UE via the relay UE?  

Q3: If the answer to Q1 is Yes, when would upper layers provide the identifier(s) to the AS layer? 

2. Actions:

To SA2:

ACTION: 
RAN2 respectfully asks SA2 to provide the answers to the above questions.
3. Date of Next TSG-RAN2 Meetings:

TSG-RAN2 Meeting #123

21-25 August 2023

Toulouse, FR

TSG-RAN2 Meeting #123bis
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Xiamen, CN

