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1. Introduction

In the rapporteur summary and proposals based on the email discussion [Post111-e][627][Relay] Remaining issues on L2 architecture [1], there are still some issues that need further discussion and decision.
In this contribution, we aim at analysis the following issues and correspondingly give our views.
· Connection establishment procedure for L2 UE-to-UE relay;

· SA2 impact on N:1 bearer mapping &data multiplexing for L2 UE-to-UE relay;
· Remote UE Uu RRC SRB0 message transmission for L2 UE-to-NW relay.

2. Discussion

1.1. Connection establishment procedure for L2 UE-to-UE relay
In the email discussion #627, the following steps and the diagram are proposed by rapporteur as the connection establishment procedure for L2 UE-to-UE Relay. However, there is no majority support with proposal-29: RAN2 further discuss the connection establishment procedure for L2 UE-to-UE Relay.
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Figure 1: Connection establishment procedure for L2 UE-to-UE relay proposed in email #627

It is observed that the above Figure can be improved based on the latest RAN2 TR 38.836 and SA2 TR 23.752. And the changes are as proposed as follows:

Change #1: To be aligned with TR 38.836 (highlighted in yellow as below), the Remote UE1 and Remote UE2 in Figure 1 should be described as Source UE and Target UE correspondingly.
*************************************TR 38.836*****************************************

5
Sidelink-based UE-to-UE Relay
5.1
Scenario, Assumption and Requirement

[some text omitted...]

Relaying of data between a Source UE and a Destination UE can occur once a PC5 link is established between the source UE, UE-to-UE Relay, and Target UE. 

[some text omitted…]
*************************************TR 38.836*****************************************

Change #2: Based on SA2 TR 23.752, the Solution #9 has already given the picture of how connection is established via L2 UE-to-UE relay from higher layer perspective (shown in Figure 2).  However, the description of step 0 in Figure 1 doesn’t correctly reflect what is captured in TR 23.752, e.g., discovery doesn’t need to be explicitly mentioned as it may be implemented as part of the direct communication establishment procedure. To be aligned with SA2, it is suggested that we modify step 0 in Figure 1 by simply referring to the result of higher layer connection establishment procedure in TR 23.752, i.e., step 7.
*************************************TR 23.752*****************************************

6.9.2.1
Connection establishment
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Figure 2: Connection establishment procedure for L2 UE-to-UE relay proposed in TR 23.752

*************************************TR 23.752*****************************************
Change #3: Step 1~4 try to further describe the connection establishment procedure for L2 UE-to-UE relay from AS layer perspective. The AS layer impact should at least consider the sidelink UE capability exchange and sidelink RRC reconfiguration procedures. Currently, the sidelink UE capability exchange procedure is missing and thus should be added between step 0 and step 1 in Figure 1.

Change #4: In Figure 1, two squares of step 1 are used to construct the result of step 2. However, we think these may not be correct. For example, similar to Figure 2 for end-to-end unicast link establishment, it is more reasonable that the PC5 RRC connection between relay UE and target UE is established during the PC5 RRC connection establishment procedure between source UE and relay UE. From this perspective, it is better to just capture step 2 using a more detailed way with arrows and avoid mentioning the details of how the hop-by-hop PC5 RRC connections construct the end-to-end PC5 RRC connection. The signalling details can be left to WI phase.

Based on above reasons for change #1~#4, we have the following Proposal 1.
Proposal 1 RAN2 to agree the following figure and description for connection establishment procedure via L2 UE-to-UE relay (also reflected by TP).
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Figure 3: Connection establishment procedure for L2 UE-to-UE relay in Proposal 1

Step 0. The end-to-end secured unicast link establishment between source UE and target UE via Relay UE by upper layers e.g., based on Solution #9 in TR 23.752. 

Step 1~5. The Sidelink UE capability is exchanged between source UE and target UE via relay UE. The Rel-16 NR V2X Sidelink UE capability transfer procedure is taken as baseline for the end-to-end Sidelink UE capability exchange and the signalling details are left to WI phase.

Step 6~10. The end-to-end PC5 RRC connection is established between source UE and target UE via relay UE. The Rel-16 NR V2X Sidelink RRC reconfiguration procedure is taken as baseline for the end-to-end PC5 RRC establishment and the signalling details are left to WI phase.
Step 11. Relay UE and target UE set up the PC5 RLC channels for traffic relaying according to the Sidelink RRC reconfiguration in step 7&8. The signalling details to configure the PC5 RLC channels for traffic relaying are left to WI phase.

Step 12. Source UE and Relay UE set up the PC5 RLC channels for traffic relaying according to the Sidelink RRC reconfiguration in step 6&9. The signalling details to configure the PC5 RLC channels for traffic relaying are left to WI phase.

Step 13. The end-to-end SL DRB(s) is established between source UE and target UE via Relay UE. The signalling details to configure the end-to-end SL DRB(s) for traffic relaying are left to WI phase.
1.2. SA2 impact on N:1 bearer mapping &data multiplexing for L2 UE-to-UE relay

In the email discussion #627, majority of companies prefer to support proposal-16: agree the following description for L2 UE-to-UE relay (also reflected by TP): 

For L2 UE-to-UE relay, the adaptation layer over second PC5 hop can be used to support N:1 bearer mapping and data multiplexing between multiple ingress PC5 RLC channels over first PC5 hop and one egress PC5 RLC channel over second PC5 hop.

However, based on our observation in SA2 TS 23.287, the existing L2 link establishment procedure cannot always guarantee the functionality of N:1 bearer mapping and data multiplexing. According to the below Figure, there are two kinds of L2 link establishment procedure, one is UE-oriented and the other is service-oriented. 

Case A) UE oriented Layer-2 link establishment: If the Target User Info is included in the Direct Communication Request message, the target UE, i.e. UE-2 responds with a Direct Communication Accept message if the Application Layer ID for UE-2 matches.
Case B) V2X Service oriented Layer-2 link establishment: If the Target User Info is not included in the Direct Communication Request message, the UEs that are interested in using the announced V2X Service(s) respond to the request by sending a Direct Communication Accept message (UE-2 and UE-4 in Figure 6.3.3.1-1).
*************************************TS 23.287******************************************

6.3.3
Unicast mode V2X communication over PC5 reference point

6.3.3.1
Layer-2 link establishment over PC5 reference point
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Figure 6.3.3.1-1: Layer-2 link establishment procedure 
*************************************TS 23.287*****************************************

On one hand, if Rel-16 UE-oriented L2 link establishment procedure is reused for UE-to-UE relay which is illustrated in Figure 4A), due to the same Target User Info is included in the Direct Communication Request message sent by UE1 and UE 2, the same UE (e.g., UE 3) will be setup as the target UE. Therefore, it is possible to use the shared link to guarantee the functionality of N:1 bearer mapping and data multiplexing in this case.

On the other hand, if Rel-16 Service-oriented L2 link establishment procedure is reused for UE-to-UE relay which is illustrated in Figure 4B), without Target User Info included in the Direct Communication Request message sent by UE1 and UE 2, different UEs (e.g., UE 3 and UE 4) may be setup as the target UE (see left in Figure 4 B). Even if the same target UE responds, it will result in different Link identities (see right in Figure 4 B) because the service oriented L2 link establishment by UE1 and UE2 are two independent procedures from SA2 perspective. Therefore, it is hard to implement the functionality of N:1 bearer mapping and data multiplexing in this case.
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Figure 4 A): illustration of reusing Rel-16 UE-oriented L2 link establishment for UE-to-UE relay
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Figure 4 B): illustration of reusing Rel-16 Service oriented L2 link establishment for UE-to-UE relay
Observation 1 If Rel-16 UE-oriented L2 link establishment procedure is reused for connection establishment via UE-to-UE relay, it is possible to guarantee the functionality of N:1 bearer mapping and data multiplexing.

Observation 2 If Rel-16 Service-oriented L2 link establishment procedure is reused for connection establishment via UE-to-UE relay, it may be hard to aggregate different PC5 links and guarantee the functionality of N:1 bearer mapping and data multiplexing.

Given that the functionality of N:1 bearer mapping and data multiplexing highly depends on the connection establishment procedure designed in SA2, but RAN2 prefer to make the decision to support it, it is kindly suggested that at least we send LS to SA2 to ask SA2 on its feasibility. 
Proposal 2 RAN2 send LS to SA2 to ask them on the feasibility of supporting N:1 bearer mapping and data multiplexing for L2 UE-to-UE relay from connection establishment perspective.
1.3. Remote UE Uu RRC SRB0 message transmission for L2 UE-to-NW relay

Regarding the approach for the transmission of SRB0 message over Uu between Relay UE and gNB for L2 UE-to-NW Relay, there is no consensus in email #627 on using Uu adaptation layer to transmit the first RRC message (i.e. RRCSetupRequest). Potentially, there are 4 alternatives on the table which are summarized as following:

Alt 1-1 (with Uu adaption layer): configure the SRB0 mapping between ingress PC5 RLC channels and egress Uu RLC channels

Alt 1-2 (with Uu adaption layer): specify the default SRB0 mapping between ingress PC5 RLC channels and egress Uu RLC channels

Alt 2-1 (without Uu adaption layer): configure addition SRB0 or dedicated DRB

Alt 2-2 (without Uu adaption layer): specify the default SRB0

For Alt 1-1 and Alt 1-2, the RRC message relaying takes place at the adaptation layer. While for Alt 2-1 and 2-2, there is no RRC message relaying and thus dedicated radio bearer configuration is required. From this perspecitve, Alt 1-1 and Alt 1-2 bring better resource utilization. Moreover, the Alt 1-1 and Alt 1-2 have another benefit to unify design of SRBs and DRBs relaying if the adaptation layer exists prior to the transmission of the first RRC message. Therefore, Alt 1-1 and Alt 1-2 with Uu adaptation layer are preferred. Comparing Alt 1-1 and Alt 1-2, the former has more signaling flexibility than the later. However, we think such signaling flexibility is a little over-optimized. In normal Uu operation, the SRB0 configuration to carry RRCSetupRequest is defined in the specification, we don’t see motivation to treat remote UE specially. And above all, it is suggested that RAN2 to adopt Alt 1-2 as the approach for the transmission of SRB0 message over Uu between Relay UE and gNB for L2 UE-to-NW Relay.

Proposal 3 RAN2 to specify the default SRB0 mapping between ingress PC5 RLC channels and egress Uu RLC channels to transmit the first RRC message (e.g. RRCSetupRequest).
In the email discussion #627, there is consensus that the identity information of Remote UE Uu Radio Bearer and the identity information of Remote UE needs be put into the Uu adaptation layer at UL in order for gNB to correlate the received data packets for the specific PDCP entity associated with the right Remote UE Uu Radio Bearer of a particular Remote UE in case of multiple Remote UEs based relaying. However, for remote UE SRB0, the identity information of Remote UE is carried in the content of the first RRC message (i.e. RRCSetupRequest), there is no need to duplicate the identity information of Remote UE in the Uu adaptation layer. Based on these observations, no identity information of Remote UE in Uu adaptation layer for the first RRC message (i.e. RRCSetupRequest) transmission is preferred.

Proposal 4 RAN2 to agree that no identity information of Remote UE in Uu adaptation layer for the Uu SRB0 RRC message (e.g. RRCSetupRequest) transmission.
3. Conclusion

In this contribution, we discuss some open issues on L2 UE-to-UE relay and UE-to-NW relay. Our observations and proposal are given as following.

Observation 1 If Rel-16 UE-oriented L2 link establishment procedure is reused for connection establishment via UE-to-UE relay, it is possible to guarantee the functionality of N:1 bearer mapping and data multiplexing.
Observation 2 If Rel-16 Service-oriented L2 link establishment procedure is reused for connection establishment via UE-to-UE relay, it may be hard to aggregate different PC5 links and guarantee the functionality of N:1 bearer mapping and data multiplexing.
Proposal 1  RAN2 to agree the following figure and description for connection establishment procedure via L2 UE-to-UE relay (also reflected by TP).
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Figure 3: Connection establishment procedure for L2 UE-to-UE relay in Proposal 1

Step 0. The end-to-end secured unicast link establishment between source UE and target UE via Relay UE by upper layers e.g., based on Solution #9 in TR 23.752. 

Step 1~5. The Sidelink UE capability is exchanged between source UE and target UE via relay UE. The Rel-16 NR V2X Sidelink UE capability transfer procedure is taken as baseline for the end-to-end Sidelink UE capability exchange and the signalling details are left to WI phase.

Step 6~10. The end-to-end PC5 RRC connection is established between source UE and target UE via relay UE. The Rel-16 NR V2X Sidelink RRC reconfiguration procedure is taken as baseline for the end-to-end PC5 RRC establishment and the signalling details are left to WI phase.
Step 11. Relay UE and target UE set up the PC5 RLC channels for traffic relaying according to the Sidelink RRC Reconfiguration in step 7&8. The signalling details to configure the PC5 RLC channels for traffic relaying are left to WI phase.

Step 12. Source UE and Relay UE set up the PC5 RLC channels for traffic relaying according to the Sidelink RRC Reconfiguration in step 6&9. The signalling details to configure the PC5 RLC channels for traffic relaying are left to WI phase.

Step 13. The end-to-end SL DRB(s) is established between source UE and target UE via Relay UE. The signalling details to configure the end-to-end SL DRB(s) for traffic relaying are left to WI phase.
Proposal 2  RAN2 send LS to SA2 to ask them on the feasibility of supporting N:1 bearer mapping and data multiplexing for L2 UE-to-UE relay from connection establishment perspective.
Proposal 3  RAN2 to specify the default SRB0 mapping between ingress PC5 RLC channels and egress Uu RLC channels to transmit the first RRC message (e.g. RRCSetupRequest).
Proposal 4 RAN2 to agree that no identity information of Remote UE in Uu adaptation layer for the Uu SRB0 RRC message (e.g. RRCSetupRequest) transmission. 
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