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1.	Introduction
The work item on NR sidelink relay enhancements was approved for Rel-18 and the recent WID [1] is shown in RP-221262 including the following objectives:
	8 The objective of this work item is to specify solutions that are needed to enhance NR Sidelink Relay for the V2X, public safety and commercial use cases.
1. Specify mechanisms to support single-hop Layer-2 and Layer-3 UE-to-UE relay (i.e., source UE -> relay UE -> destination UE) for unicast [RAN2, RAN3, RAN4].
A. Common part for Layer-2 and Layer-3 relay to be prioritized until RAN#98
i. Relay discovery and (re)selection [RAN2, RAN4]
ii. Signalling support for Relay and remote UE authorization if SA2 concludes it is needed [RAN3]
B. Layer-2 relay specific part
i. UE-to-UE relay adaptation layer design [RAN2]
ii. Control plane procedures [RAN2]
iii. QoS handling if needed, subject to SA2 progress [RAN2]
Note 1A: This work should take into account the forward compatibility for supporting more than one hop in a later release.
Note 1B: A remote UE is connected to only a single relay UE at a given time for a given destination UE.
2. Specify mechanisms to enhance service continuity for single-hop Layer-2 UE-to-Network relay for the following scenarios [RAN2, RAN3]:
A. Inter-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> gNB Y”)
B. Inter-gNB direct-to-indirect path switching (i.e., “remote UE <-> gNB X” to “remote UE <-> relay UE A <-> gNB Y”)
C. Intra-gNB indirect-to-indirect path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB X”)
D. Inter-gNB indirect-to-indirect path switching (i.e., “remote UE<-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB Y”)
Note 2A: Scenario D is to be supported by reusing solutions for the other scenarios without specific optimizations.
3. Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following scenarios [RAN2, RAN3]:
A. A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).
Note 3A: Study on the benefit and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work.
Note 3B: UE-to-Network relay in scenario 1 reuses the Rel-17 solution as the baseline. 
Note 3C: Support of Layer-3 UE-to-Network relay in multi-path scenario is assumed to have no RAN impact and the work and solutions are subject to SA2 to progress.
4. With a low priority, study the gains and, if needed, specify signalling between gNB and relay UE in sidelink mode 2 to assist the determination of the sidelink DRX configuration used for remote UE in Layer-2 UE-to-Network sidelink relay operation [RAN2]
5. Specify RRM core requirements for relay discovery and (re)selection in UE-to-UE relay [RAN4]

This work will not consider specific enhancement for sidelink relay support of functionality specified in Rel-18 sidelink enhancements.  If Rel-18 sidelink enhancements can be operated in relay without any special handling, they can be used in relaying operations.


In this document, we provide our view of the initial consideration for UE-to-UE relay operation.
2.	Discussion
In Rel-17, L2 and L3 U2N relay operation was already discussed [2]. The UE-to-UE relay operation in Rel-18 NR SL relay enhancement work item will be handle in terms of L2 and L3 relay. We propose to start the common part of the L2 and L3 UE-to-UE relay, and then discuss L2 specific part for Rel-18 UE-to-UE relay. 
2.1 Relay discovery and selection
In the Rel-17 U2N relay operation, remote UE discovers relay UE(s) by receiving the discovery message from candidate relay UEs. And then the remote UE selects one of the discovered relay UEs based on the SL signal strength (e.g., SD-RSRP). The remote UE makes the SL connection with the selected relay UE and performs the connection establishment procedure to the gNB via the relay UE. The U2N relay connection establishment procedure may be surly different U2U relay. However, the relay discovery and relay selection mechanisms in UE-to-UE relay can be similar to the Rel-17 U2N relay. The relay discovery and relay selection in Rel-17 can be a baseline for the initial Rel-18 U2U relay operation.  
Observation 1:  The Rel-17 relay UE broadcast discovery message and the Rel-17 remote UE received the discovery message decides whether the relay UE is proper to SL connection for relaying purpose.
Proposal 1: Relay discovery and (re)selection for Rel-17 U2N relay are considered as a baseline for Rel-18 U2U Relay.
The discovery resource pool can be configured via cell-specific or UE- specific information in the Rel-17 U2N relay. According to the current Rel-17 operation, the resource pool for discovery message is configured in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon. If the discovery resource pool is configured, UE can use the pool only for transmitting discovery messages. But if the discovery resource pool is not configured, the discovery message can be transmitted on the communication resource pool the same as communication messages. 
Observation 2: The Rel-17 resource pool of U2N Relay in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon can be used for U2N discovery only.
Using a discovery resource pool is associated with power saving and latency. The longer the period of discovery resource pool is, the better power saving effect is. But the longer the period of discovery resource pool is, the longer the connection latency between remote UE and relay UE is. So, if the service for Rel-17 U2N relay considers power saving more importantly than the latency for detecting relay UE, the long period of discovery resource pool configuration may be proper. But, if the service for Rel-18 U2U relay requires short latency for detection relay UE, a short period of discovery resource pool configuration will be better. The service purpose of Rel-17 U2N relay and Rel-18 U2U relay can be different. So, it can be controversial whether the same discovery resource pool for the Rel-17 U2N can be applied to the Rel-18 U2U. But, for simplicity, we prefer that the Rel-17 discovery resource pool can be applied to the Rel-18 U2U discovery message transmission as the same.
Proposal 2: The same discovery resource pool mechanism in Rel-17 U2N is allowed for Rel-18 U2U discovery.
- The resource pool(s) used for NR sidelink communication can be used for relay discovery, 
- Or, the network can configure a resource pool(s) dedicated for relay discovery.
- FFS: Need for Rel-18 resource pool specific to U2U Relay discovery message.
A relay UE can have both Rel-17 U2N and Rel-18 U2U capability. In this case, it’s not clear what the discovery message contents from relay UE. RAN2 can have two alternative solutions. One alternative solution is that separate U2U/U2N discovery messages are broadcasted by the relay UE. If the remote UE selects only one of U2U and U2N, it responds to the U2U discovery message or U2N discovery message only. Or, if the remote UE selects both U2U and U2N, it responds to separately U2U discovery message and U2N discovery message. The other alternative solution is a single discovery message transmission. The discovery message from relay UE indicates whether it supports U2U and/or U2N. If the remote UE selects only one of U2U and U2N relay services, it responds to the relay UE by sending the discovery message indicating the selected U2U or U2N. Or, if the remote UE selects both U2U and U2N, it responds to the relay UE by sending the discovery message indicating both U2U and U2N. 
Observation 3: it’s not clear what the discovery message contents when the relay UE supports both Rel-17 U2N relay and Rel-18 U2U relay. 
Proposal 3: RAN2 needs to confirm discovery message contents from relay UE when the relay UE supports both Rel-17 U2N relay and Rel-18 U2U relay. If needed, RAN2 can send LS to SA2. 
	- Alt 1: Separate U2U/U2N discovery messages are used by the relay UE.
- Alt 2: A single discovery message indicating support of U2U and/or U2N is used by the relay UE.
Meanwhile, it’s not clear whether one service can be supported by both U2N and U2U relay. For example, a remote UE performs U2N relay operation to communicate with a destination UE via gNB. In this case, if Uu link between relay UE and gNB happens RLF and the remote UE can access the destination UE via the relay UE, the remote UE can keep communicating with the destination UE using the U2U relay. However, it’s not clear whether this scenario is available or not. 
For simplicity in this release, we propose that the remote/relay UE independently perform U2N relay operation and U2U relay operation. In this case, there is no need to be considered the interaction between U2N and U2U.   
Observation 4: It is not clear that UE can support both U2N and U2U for a particular service.
Proposal 4: RAN2 assumes that the remote/relay UE independently performs U2N relay operation and U2U relay operation. That is, RAN2 assumes that there is no interaction between U2N and U2U.

2.2 RRC state of relay and remote UE 
In the Rel-17 U2N Relay, the condition to be relay UE is to be defined by the Uu RSRP threshold. When the Uu RSRP measurement meets the threshold condition, i.e., below threshHighRelay and above threshLowRelay, the UE can be qualified to be the Rel-17 U2N relay UE. And the Rel-17 U2N relay UE can be any RRC state (RRC_CONNECTED, RRC_INACTIVE, or RRC_IDLE) before relay UE receives the initial RRC connection establishment message from remote UE. But the Rel-17 U2N relay UE in RRC_IDLE and RRC_INACTIVE should try to connect to the gNB after receiving the initial RRC connection establishment message from the connected remote UE.
Differently from the Rel-17 U2N relay UE, the Rel-18 U2U relay UE doesn’t need to follow the Uu RSRP threshold condition of the Rel-17 U2N relay UE. The Rel-18 U2U relay UE can support the U2U relay function not only in coverage but also out of coverage. 
The RRC state of Rel-18 U2U relay UE should not be a problem to perform U2U relay operations. The relay UE in any RRC state (RRC_CONNECTED, RRC_INACTIVE, or RRC_IDLE) can perform the Rel-18 U2U relay operation. Even during the state transition period of the Rel-18 U2U relay UE, the relay operation should be performed without any effect. And also, even though the relay UE moves from in-coverage to out-of-coverage or vice versa, the Rel-18 U2U relay operation should be supported without any change.  
Observation 5: U2U Relay UE even not in RRC_CONNECTED can support U2U Relay function.
Proposal 5: UEs in RRC_IDLE, RRC_INACTIVE, or even outside network coverage as well as RRC_CONNECTED can operate as the U2U relay UE. Relay UE is not required to enter RRC_CONNECTED for support of U2U relay.
Proposal 6: U2U relay UE should keep any U2U Relay connection during RRC state transition and even in transition between OOC and IC.
In Rel-17 U2N, the condition to be a remote UE is decided by the Uu RSRP threshold. When the Uu RSRP of a UE is below threshHighRemote or no serving cell, the UE can be a Rel-7 U2N remote UE. Before being Rel-17 U2N remote UE, the UE can operate SL mode1 or mode2. But after the remote UE makes an SL connection with the Rel-17 U2N relay UE for purpose relaying operation, only SL mode2 operation is allowed. 
Rel-18 U2U remote UE doesn’t need to meet the Uu RSRP threshold condition of Rel-17 U2N remote UE. Rel-18 U2U remote UE can be located in coverage and out of coverage. And the Rel-18 U2U remote UE can be in any RRC state. Even if the RRC state is changed during Rel-18 U2U remote operation, the state transition should not give any effect on the Rel-18 U2U operation.  And also, when the Rel-18 U2U remote UE is in RRC_CONNECTED, any SL mode, i.e., either SL mode1 or SL mode2, can be configured.
Proposal 7: UEs in any RRC state and OOC can operate as the U2U remote UEs.
Observation 6: Since U2N remote UE cannot have a direct link with gNB, U2N remote UE cannot be configured with SL mode 1.
Proposal 8: While in RRC_CONNECTED, U2U remote UE can be configured by either SL mode 1 or SL mode 2.

2.3 adaptation layer and connection establishment
Similar to the Rel-17 U2N L2 relay protocol stack, the Rel-18 U2U L2 relay may require an adaptation layer. The position of the adaptation layer in the Rel-18 U2U L2 relay can be the same as the Rel-17 U2N L2 relay. For Rel-18 U2U L2 relay, the adaptation layer puts over the RLC layer. The below figures 1.1 and 1.2 show the Rel-18 U2U L2 relay architecture. The adaptation layer is supported for the SL between relay UE and destination UE for the L2 U2U relay. The SL SDAP/PDCP and RRC are terminated between source remote UE and destination remote UE. The RLC, MAC, and PHY layers are terminated in each SL. In the Rel-18 U2U L2 relay, the adaptation layer should map SL bearers between the first SL hop and the second SL hop. And the adaptation layer may map between end-to-end SL bears and single hop SL bearers. Also, the existing SL connection establishment procedure can be reused as much as possible for the Rel-18 U2U relay. 


          
Figure 1.1: User plane protocol stack for L2 U2U relay          Figure 1.2: Control plane protocol stack for L2 U2U relay

Proposal 9: Support a new U2U relay adaptation layer for mapping between the first hop PC5 RLC channels to the second hop PC5 RLC channels, if L2 U2U Relay is supported.
Proposal 10: Utilize the existing PC5 unicast link setup and the existing PC5-RRC procedures as much as possible for U2U Relay.

3.	Conclusion
Proposal 1: Relay discovery and (re)selection for Rel-17 U2N relay are considered as a baseline for Rel-18 U2U Relay.
Proposal 2: The same discovery resource pool mechanism in Rel-17 U2N is allowed for Rel-18 U2U discovery.
- The resource pool(s) used for NR sidelink communication can be used for relay discovery, 
- Or, the network can configure a resource pool(s) dedicated for relay discovery.
- FFS: Need for Rel-18 resource pool specific to U2U Relay discovery message.
Proposal 3: RAN2 needs to confirm discovery message contents from relay UE when the relay UE supports both Rel-17 U2N relay and Rel-18 U2U relay. If needed, RAN2 can send LS to SA2. 
	- Alt 1: Separate U2U/U2N discovery messages are used by the relay UE.
- Alt 2: A single discovery message indicating support of U2U and/or U2N is used by the relay UE.
Proposal 4: RAN2 assumes that the remote/relay UE independently performs U2N relay operation and U2U relay operation. That is, RAN2 assumes that there is no interaction between U2N and U2U.
Proposal 5: UEs in RRC_IDLE, RRC_INACTIVE, or even outside network coverage as well as RRC_CONNECTED can operate as the U2U relay UE. Relay UE is not required to enter RRC_CONNECTED for support of U2U relay.
Proposal 6: U2U relay UE should keep any U2U Relay connection during RRC state transition and even in transition between OOC and IC.
Proposal 7: UEs in any RRC state and OOC can operate as the U2U remote UEs.
Proposal 8: While in RRC_CONNECTED, U2U remote UE can be configured by either SL mode 1 or SL mode 2.
Proposal 9: Support a new U2U relay adaptation layer for mapping between the first hop PC5 RLC channels to the second hop PC5 RLC channels, if L2 U2U Relay is supported.
Proposal 10: Utilize the existing PC5 unicast link setup and the existing PC5-RRC procedures as much as possible for U2U Relay.
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