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1 Introduction
In previous RAN2 meetings, UE-to-UE sidelink relay were discussed and some agreements were made.

In this contribution, we will discuss remaining issues for UE-to-UE sidelink relay.

2 Discussion
2.1  Relay discovery
2.1.1 Discovery configuration
During RAN2#119bis meeting, RAN2 agreed that OOC UEs obtain discovery configuration from pre-configuration and IDLE/INACTIVE UEs obtain discovery configuration from SIB:

	Proposal 2: RAN2 to agree that in U2U relay, OOC UEs obtain discovery configuration from pre-configuration and IDLE/INACTIVE UEs obtain discovery configuration from SIB.


For RRC_CONNECTED UEs, some companies proposed in their contributions that the UEs also rely on SIB for discovery configuration acquisition to limit gNB involvement in UE-to-UE relay. However, RRC_CONNECTED UEs have already established connection with gNB and thus gNB can provide dedicated discovery configuration without additional effort. Thus, we think R16 and R17 principle should be followed, i.e. RRC_CONNECTED UE in UE-to-UE relay can acquire discovery configuration via dedicated signalling.
Proposal 1: RRC_CONNECTED UE in UE-to-UE relay should acquire discovery configuration via dedicated signalling.

2.1.2 Discovery message transmission condition
In RAN2#119bis meeting, RAN2 agreed that UE determine the transmission of discovery signalling at least based on upper layer indication:
	Proposal 2.3a [20/20]:    Discovery message transmission at the remote UE is conditioned on at least upper layer indication.    


According to TS23.304 [1], Both Model A/B discovery and discovery integrated into PC5 unicast link establishment procedure are supported in UE-to-UE relay. The corresponding discovery procedures have been captured in the TS as well. 

In Model A, a UE announces that it can act as a UE-to-UE relay by periodically transmitting an Announcement message including list of "End User Info". The list of "End User Info" is a list of directly reachable neighboring UEs which are discovered by the UE-to-UE relay in previous steps (based on previous discovery or based on existing or prior communication between the UE-to-UE relay and neighboring UEs). Then, based on the information received via Announcement message, an End UE decides to establish a one-to-one communication link with another End UE via the UE-to-UE relay.
To discuss what else conditions would govern transmission of the signalling, we think RAN2 should first discuss which UEs can be selected and included in list of "End User Info", considering AS layer criteria, e.g. RSRP measurement of PC5 link. In UE-to-NW relay, a UE decides whether it can act as a relay by comparing Uu link quality with two configured thresholds. Similarly, a suitable UE-to-UE relay should be a UE which is located at the "right" distance, i.e. not too close and not too far from the End UE. It means the signal strength between the Relay UE and the End UE should not be too high or too low. Thus, we propose:
Proposal 2: In Model A, Relay UE decides the list of "End User Info" by comparing the signal quality between itself and the neighboring UE with one configured lower threshold and/or one configured upper threshold.
With regarding to whether Relay UE is allowed to transmit the Announcement message from AS layer point of view, we think the list of "End User Info" should not be empty, i.e. at least one End UE is included.
Proposal 3: In Model A, Relay UE is allowed to transmit the Announcement message if there is at least one End UE included in the End UE list.

In Model B, The discoverer End UE broadcasts Solicitation message indicating that it wants to communicate with the discoveree End UE via a relay. On reception of Solicitation message, the candidate Relay UE broadcasts Solicitation message with RSC, discoverer End UE info and discoveree End UE info. The discoveree End UE responds to the candidate Relay UE with a Response message. Finally, the candidate Relay UE send Response message to the discoverer End UE on reception of response message from the discoveree End UE. 
Before step 1, the discoverer End UE should decide whether a relay is allowed to be involved for sidelink communication. In UE-to-NW relay, an in-coverage Remote UE measures Uu link signal strength and begin to transmit/receive discovery message when the single strength is lower than one configured threshold by the NW, or, an OOC Remote UE can always perform relay discovery. In UE-to-UE relay, if the discoverer End UE has tried to discover the discoveree End UE via previous direct discovery or establish connection with the discoverer End UE via previous direct communication procedures, it should decide whether to allow a Relay UE to assist the communication based on the results of the previous direct discovery or direct communication procedures. Specifically, the discoverer End UE decides a relay is required if the link quality between itself and the discoveree End UE cannot satisfy the requirements of the ProSe Service, i.e. the signal strength is blow one configured threshold (including the case where the discoverer End UE cannot discover the the discoveree End UE).
Proposal 4: In Model B, the discoverer End UE is allowed to transmit Solicitation message with relay indication enabled if the link quality between itself and the discoveree End UE is below one configured threshold (including the case where the discoverer End UE cannot discover the discoveree End UE) when the link quality results are available.
Similar to Model A, a suitable relay should be a UE located at the right distance. In last meeting, RAN2 agreed:

	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. 


However, whether Relay UE can choose to send Discovery Solicitation message or not based on the PC5 signal strength between the discoverer End UE and the Relay UE is still FFS. From our perspective, such filtering mechanism can reduce radio resource consumption by ruling out unsuitable candidate Relay UEs during discovery procedure. Thus, we propose:

Proposal 5: In Model B, candidate Relay UE decides whether it is allowed to send Solicitation message to by comparing the link quality between itself and the discoverer End UE with one configured lower threshold and/or one configured upper threshold.
For discovery integrated into PC5 unicast link establishment procedure, RAN2 agreed in last meeting:

	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 the integrated-discovery case, it is UE-2 performing relay selection as agreed by SA2. Thus, discovery procedure terminates when UE-2 receives the Direct Communication Request and subsequent steps should be discussed in relay (re)selection parts.
2.2  Relay (re)selection
In RAN2#120 meeting, RAN2 discussed the details for UE-to-UE relay selection/reselection trigger condition and agreed:

	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.

UE-to-UE relay reselection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between a remote UE and the relay UE falling below a threshold.  FFS which remote UE (or both) can trigger relay reselection.  FFS if/how the second hop between the relay UE and the peer UE is considered.


In RAN2#121 and RAN2#121bis meetings, RAN2 further discussed which UE can trigger relay selection/reselection and agreed:

	Each Remote UE can trigger Relay reselection based at least on current hop quality.
Each remote UE (source or destination) can trigger relay selection based on the direct link quality.  FFS interaction between discovery and selection.


Now we discuss other triggering conditions of relay selection for UE-to-UE relay. Upon detecting Uu RLF, UE may trigger RRC re-establishment to re-establish the RRC connection. However, sidelink UE releases the PC5-RRC connection immediately upon SL RLF declaration. We think it is make sense to allow the End UE trigger relay selection upon detecting PC5 RLF towards peer End UE, then another communication path might be selected to recovery the PC5 connection.
Proposal 6: End UE triggers relay selection when: RLF of PC5 link with peer End UE is detected.
For relay reselection triggered by PC5 signal strength conditions, we think the PC5 signal strength on another hop should be considered. In that case, an indication can be sent by the relay if the link quality of the second hop is below a configured threshold:
Proposal 7: End UE triggers relay reselection when an indication is received from relay which indicates that the PC5 link quality between relay UE and the peer End UE is below a configured threshold.

In R17, additional AS criteria for relay (re)selection are discussed. PLMN ID and serving cell ID are supported as additional AS criteria. On Uu interface, UE is responsible for selecting a proper PLMN and cell for subsequent connection setup and data communication. However, on sidelink, UEs belong to different PLMN operators and camp on cells can communicated with each other directly.  Thus, we think PLMN ID and cell ID are not useful for UE-to-UE relay (re)selection. In addition, relay load was discussed and majority of companies supported the use of relay load as additional AS criteria for UE-to-NW relay. However, it is hard to specify the metrics that could adequately represent relay load and finally relay load is not used for relay (re)selection. Meanwhile, in some contributions, companies proposed that direct link should be prioritized over relayed link. However, in UE-to-NW relay, if both a suitable cell and a suitable relay are available, the remote UE can select either one based on its implementation. We think UE-to-UE relay should follow the same principle. Thus, the following proposal is suggested:
Proposal 8: No additional AS criteria for UE-to-UE relay (re)selection are considered in this release.
2.3  L2 specific

2.3.1 QoS handling
For UE-to-UE relay, the End to End QoS requirement between the peer End UEs is satisfied by the corresponding QoS control over each hop. To achieve this, QoS split should be performed. In case of L2 UE-to-UE relay, SA2 agreed that how E2E QoS will be split should be defined by RAN2. There are two options for QoS split: 
1) source End UE or source End UE’s serving gNB performs QoS split; 
2) Relay UE or Relay UE’s serving gNB performs QoS split. 
For one-hop UE-to-UE relay, both options can work properly. However, if option 2 is adopted, the one-hop QoS split solution cannot be easily extended to multi-hop UE-to-UE relay case. Therefore, option 1 is more efficient.
Proposal 9: source End UE or source End UE’s serving gNB perform QoS split.
2.3.2 Adaptation layer

For SRAP header aspects, for End UE identification, RAN2 agreed:

	An ID mappable to the destination remote UE is needed in the first hop (Tx remote UE to relay), at least in case multiplexing of different destinations in the same RLC channel is supported.

An ID mappable to the source remote UE is needed in the second hop (relay to Rx remote UE).

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.


For backward compatibility for multi-hop relay, we think both UE IDs of the source and target End UEs should be put into the header to identify the source and destination of the traffic. Meanwhile, to reduce SRAP header overhead, the UE ID can be a local, temporary UE ID, assigned by the Relay UE.
Proposal 10: For UE-to-UE relay, adaptation layer header should include local UE ID of the source End UE and local UE ID of the target End UE.
Proposal 11: Relay UE is responsible for local UE ID assignment.
2.3.3 Control plane procedure
According to TS23.304, communication via L2 UE-to-UE relay is supported by unicast connection between Relay UE and the source End UE, unicast connection between Relay UE and the target End UE and E2E unicast connection between the source End UE and the target End UE. RAN2 already agreed that a one-to-one correspondence between end-to-end PC5 RRC connection and end-to-end PC5 unicast link is supported as legacy. RAN2 also agreed that E2E PC5-RRC connection is considered to be established after a corresponding E2E PC5 unicast link is established. The following are remaining open issues for CP procedure:

	FFS how configurations for e2e SL-SRBs are supported.


In R17, PC5 and Uu RLC channel configurations were discussed for UE-to-NW relay. For the delivery of the remote UE’s SRB0, specified (fix) configuration is used for the configuration of PC5 RLC channel, Meanwhile, for the delivery of remote UE’s SRB1 RRC message such as RRCResume and RRCReestablishment message, default configuration is used for the configuration of PC5 RLC channel which can be reconfigured by network. For other SRBs and DRBs, network configuration via dedicated signalling is used for PC5 RLC channel and Uu RLC channel configuration. For remote UE’s SRB0 and SRB1 RRC message such as RRCResume and RRCReestablishment message, Relay UE may receive these messages before RRC connection establishment with the gNB. Thus, gNB cannot do dedicated configuration for PC5 RLC channels. 
For UE-to-UE relay, similar mechanism can be reused, e.g. specified configuration is used for the E2E PDCP configuration and per-hop SRAP/RLC/MAC configuration for E2E SL-SRB and dedicated configuration/SIB/pre-configuration is used for E2E SDAP/PDCP configuration and per-hop SRAP/RLC/MAC configuration for E2E SL-DRB 
Proposal 12a: For E2E SL-SRB, specified configuration is used for the configuration of E2E PDCP configuration and per-hop SRAP/RLC/MAC configuration.
Proposal 12b: For E2E SL-DRB, dedicated configuration/SIB/pre-configuration is used for the configuration of E2E SDAP/PDCP configuration and per-hop SRAP/RLC/MAC configuration.
In R16 SL, for SL dedicated configuration/SIB/pre-configuration, Tx-centric mode is adopted, i.e, Tx UE or Tx UE’s serving gNB decides the Tx and Rx related parameters which are required to be aligned between Tx UE and Rx UE. In UE-to-UE relay, for E2E SDAP/PDCP, Tx End UE or its serving gNB is responsible for the Tx and Rx related configuration. For per-hop SRAP/RLC/MAC, Tx UE of the current hop or its serving gNB can decide the configuration. On the first hop, Tx End UE is the per-hop Tx UE. On the second hop, Relay UE is the per-hop Tx UE. Thus, we propose:
Proposal 13a: For E2E SDAP/PDCP configuration and SRAP/RLC/MAC configuration on the first hop for E2E SL-DRB, the Tx End UE or its serving gNB decide the Tx and Rx related parameters.

Proposal 13b: For SRAP/RLC/MAC configuration on the second hop for E2E SL-DRB, the Relay UE or its serving gNB decide the Tx and Rx related parameters.

3 Conclusion

In this contribution, we provide our view on UE-to-UE relay, and made the following proposals:
Proposal 1: RRC_CONNECTED UE in UE-to-UE relay should acquire discovery configuration via dedicated signalling.

Proposal 2: In Model A, Relay UE decides the list of "End User Info" by comparing the signal quality between itself and the neighboring UE with one configured lower threshold and/or one configured upper threshold.

Proposal 3: In Model A, Relay UE is allowed to transmit the Announcement message if there is at least one End UE included in the End UE list.

Proposal 4: In Model B, the discoverer End UE is allowed to transmit Solicitation message with relay indication enabled if the link quality between itself and the discoveree End UE is below one configured threshold (including the case where the discoverer End UE cannot discover the discoveree End UE) when the link quality results are available.
Proposal 5: In Model B, candidate Relay UE decides whether it is allowed to send Solicitation message to by comparing the link quality between itself and the discoverer End UE with one configured lower threshold and/or one configured upper threshold.
Proposal 6: End UE triggers relay selection when: RLF of PC5 link with peer End UE is detected.
Proposal 7: End UE triggers relay reselection when an indication is received from relay which indicates that the PC5 link quality between relay UE and the peer End UE is below a configured threshold.

Proposal 8: No additional AS criteria for UE-to-UE relay (re)selection are considered in this release.
Proposal 9: source End UE or source End UE’s serving gNB perform QoS split.
Proposal 10: For UE-to-UE relay, adaptation layer header should include local UE ID of the source End UE and local UE ID of the target End UE.
Proposal 11: Relay UE is responsible for local UE ID assignment.
Proposal 12a: For E2E SL-SRB, specified configuration is used for the configuration of E2E PDCP configuration and per-hop SRAP/RLC/MAC configuration.
Proposal 12b: For E2E SL-DRB, dedicated configuration/SIB/pre-configuration is used for the configuration of E2E SDAP/PDCP configuration and per-hop SRAP/RLC/MAC configuration.
Proposal 13a: For E2E SDAP/PDCP configuration and SRAP/RLC/MAC configuration on the first hop for E2E SL-DRB, the Tx End UE or its serving gNB decide the Tx and Rx related parameters.

Proposal 13b: For SRAP/RLC/MAC configuration on the second hop for E2E SL-DRB, the Relay UE or its serving gNB decide the Tx and Rx related parameters.
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