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1
Introduction

In RAN plenary #96 meeting, a revised WID [1] for NR sidelink relay enhancements was approved and the following objectives were provided:
	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.


In this contribution, we would like to first provide an overview on all aspects listed in the objectives and list the related potential sub-aspects from our point of view. This is followed by detailed discussions of each sub aspect and related proposals.
2
Discussion
2.1 Overview 
First of all, we would like to share our view on the aspects as listed in the objectives from the perspective of RAN2. We then breakdown each aspect into several sub-aspects each of which is considered further for discussion in the following section. In addition, we have identified some end-to-end security issues, which are listed in the aspect #5.
Aspect #1. Relay discovery and (re)selection
-
Sub-aspect #1.1: Discovery message transmission
· Sub-aspect #1.2: AS condition for a UE to be a UE-to-UE relay UE
· Sub-aspect #1.3: Criterion for relay (re)selection 
· Sub-aspect #1.4: The trigger condition to perform Relay UE reselection
Aspect #2. UE-to-UE relay adaptation layer design
· Sub-aspect #2.1: SRAP function and header format
Aspect #3. Control plane procedures
· Sub-aspect #3.1: The basic establishment procedure
Aspect #4. QoS handling
· Sub-aspect #4.1: Guaranteeing end-to-end QoS requirement for E2E peer UE from RAN perspective
· Sub-aspect #4.2: QoS split over each hop
Aspect #5. Others
· Sub-aspect #5.1: End-to-end security between Source UE and Destination UE
2.2 Considerations for UE-to-UE relay
Considering the UE-to-UE relay was studied during the study of NR sidelink relay [2] and some conclusions were achieved as captured in TR 38.836, we believe it is beneficial to take the output of NR sidelink relay and the progress of SA2 as baseline to reduce the standard efforts. 
2.2.1 On relay discovery and (re)selection
· Discovery message transmission
In R17 UE-to-Network relay, a new SL SRB (SL-SRB4) is introduced to carry the Discovery message. The dedicated resource pool for discovery message transmission is agreed, the design of dedicated resource pool for discovery is same as Rel-16 defined resource pool. Both shared resource pool and dedicated resource pool are supported for discovery message transmission. Mechanisms defined for discovery message in R17 can be reused for UE-to-UE relay discovery.

Proposal 1: SL-SRB4 and dedicated resource pool configuration are reused for discovery message transmission and reception in R18 UE-to-UE relay.
· AS condition for a UE to be a UE-to-UE relay UE
In R17 UE-to-Network relay, a UE can be a relay UE only when threshold_min_RSRP < relay UE’s Uu RSRP < threshold_max_RSRP. In UE-to-UE relay, the main motivation is also the coverage enhancement. In this sense, when a U2U Relay UE forwards data between a pair of source UE and destination UE, the link quality of each hop should be good enough to ensure the transmission reliability while the distance between the Relay UE and the source UE/destination UE should not be too close to ensure the coverage gain. Therefore, the condition PC5 RSRP > threshold_min_RSRP shall be satisfied, and the condition PC5 RSRP < threshold_max_RSRP should be satisfied as well. During discovery procedure, the Relay UE needs to evaluate the quality of PC5 link between proximity Source UE and Relay UE based on the measurement of discovery message to decide whether it can serve as relay for the source UE or destination UE, e.g. forwarding discovery message for the source/destination UE, or including the proximity UE information in discovery message. Follow the same principles as UE-to-Network relay, both SD-RSRP and SL-RSRP signals can be used.
In SA2, although there are multiple candidate solutions for discovery captured in TR 23.700-33 [4], the AS condition should be applied in a similar manner. For instance, in the procedure of Layer-2 UE-to-UE Relay discovery and connection establishment in Solution #30 for Model A, a UE can be a relay UE only when PC5 RSRP between the proximity UE and Relay UE > threshold_min_RSRP. That is, the announcement message sent by the Relay UE includes only proximity UEs whose PC5 RSRP > threshold_min_RSRP. In addition, PC5 RSRP between the proximity UE and Relay UE < threshold_max_RSRP may also be considered. In Model B, a UE can be a relay UE only when PC5 RSRP between the Source UE and Relay UE > threshold_min_RSRP. That is, the Relay UE forwards the Solicitation message only when the PC5 RSRP between the Relay UE and the Source UE > threshold_min_RSRP. In addition, PC5 RSRP between the Source UE and Relay UE < threshold_max_RSRP may also be considered.
Proposal 2: For UE-to-UE relay, 
· For Model A, a UE can be a relay UE for a proximity UE only when threshold_min_RSRP < PC5 RSRP between the proximity UE and Relay UE < threshold_max_RSRP.

· For Model B, a UE can be a relay UE for a Source UE only when threshold_min_RSRP < PC5 RSRP between the Source UE and Relay UE < threshold_max_RSRP.
· Criterion for relay (re)selection
After the Source UE triggers the relay discovery procedure, assuming more than one Relay UEs are founded, which relay UE is selected should subjected to AS criteria. For UE-to-UE relay, multiple relay UEs may be discovered through procedure for UE-to-UE Relay discovery with Model A or Model B. In SA2, as described in Solution#30 of [4], In Model A, the UE-to-UE Relay sends an Announcement message, the Announcement message may include the User Info ID of the proximity UEs, the final Relay UE is selected by Source UE. In Model B, the Source UE broadcasts a Solicitation message, on reception of the Solicitation message, a candidate UE-to-UE Relay broadcasts a Solicitation message, and the final Relay UE can be selected by Destination UE. 
Proposal 3: When there are multiple U2U Relay UEs available, for Model A, it is the Source UE that selects the Relay UE, and for Model B, it is the Destination UE that selects the Relay UE.
On how to select a suitable Relay UE, the R17 mechanism can be considered as a baseline from RAN2 aspect (i.e. remote UE select a candidate NR sidelink U2N Relay UE for which SD-RSRP exceeds sl-RSRP-Thresh by sl-HystMin). The basic AS layer mechanism utilized in relay selection is to measure the signal strength of received SL relay discovery message (transmitted by the Relay UE) and use it to estimate the quality of PC5 link. Source/Destination UE shall select a Relay UE only if the expected PC5 link quality is above a minimum threshold. If there is already a unicast established with a U2U relay which also connects with the target Destination UE, the indirect link via this Relay UE should be prioritized over indirect link via other relay, to avoid establishing unnecessary unicast with more Relay UEs and to save signalling overhead. Other than that, as described in Solution#8 of [3] in SA2, if direct communication is available it should be preferred over indirect link. 
Proposal 4: The AS criteria defined for U2N relay selection (i.e. SD-RSRP> sl-RSRP-Thresh by sl-HystMin) is reused for U2U relay selection.

Proposal 5: Agree the following additional AS criteria for U2U relay selection:
· Direct link between the Source UE and the Destination UE is prioritized over indirect link, when the RSRP of direct link> a threshold.
· Relay UE with established unicast link is prioritized over other Relay UEs among the Relay UEs meeting the AS criteria.
· Relay reselection
For UE-to-UE relay, Source UE and Destination UE can move away from the Relay UE, and SL link between Relay UE and Source UE or Relay UE and Destination UE can become quite weak. Thus, it is not suitable anymore for this Relay UE to be a relay for this Source UE/Destination UE. In this situation, it is better for this Source UE/Destination UE to find another Relay UE which has better SL RSRP. To support this, a relay reselection triggering condition needs to be defined. In addition, SL RLF in the following cases should also trigger relay reselection which is quite straightforward.
· The source UE/destination UE detects SL RLF on the hop with the Relay UE

· The source UE/destination UE is informed by Relay UE of the SL RLF on the other hop with the peer UE (e.g. the Relay UE detects SL RLF on the hop with the source UE, the destination UE is informed by Relay UE of the SL RLF)
To reduce standard effort, we prefer simple way to perform the reselection procedure, for example, the Source UE/Destination UE can release the current end-to-end connection via the old Relay UE and trigger a new connection establishment procedure via the reselected Relay UE, which does not require new upper layer signalling. On top of this, if SA2 concludes to support optimised relay reselection procedure (e.g. negotiated relay reselection) RAN2 can further discuss the corresponding RAN2 impact.
Proposal 6: When PC5 RLF is detected, the Source UE/Destination UE can release the current end-to-end connection via the old Relay UE and trigger a new connection establishment procedure via a new Relay UE as a baseline procedure of relay reselection.
2.2.2 On adaptation layer design
In R17 UE-to-Network relay, the SRAP function includes bearer mapping and Remote UE identification for DL/UL traffic.
The L2 UE-to-UE relay has been studied and SRAP function have been captured in [2]. In UE-to-UE relay, an adaptation layer is used over the two PC5 links, the SRAP function includes:
· First hop SRAP sublayer: bearer mapping between SL Radio Bearers and first hop PC5 RLC channels for relaying and identify traffic destined to different Destination Remote UEs.
· Second hop SRAP sublayer: bearer mapping between the ingress RLC channels over first PC5 hop and egress RLC channels over second PC5 hop at Relay UE.

Functions of SRAP in UE-to-UE relay and UE-to-Network relay are similar. Therefore, the SRAP header format in UE-to-Network relay can be reused in UE-to-UE relay. The SRAP head includes the bearer ID and local ID.
If in UE-to-UE relay the SRAP header format reuses the UE-to-Network relay, the allocation of local IDs and how to determine the bearer IDs should be considered.
Proposal 7: For U2U relay, the SRAP header includes Local ID and bearer ID in the same format as defined for U2N relay in Rel-17. 
· FFS Local ID allocation and bearer ID determination.
2.2.3 On control plane procedures 
· The basic establishment procedure

In R17 UE-to-Network relay mechanism, the control plane includes RRC Connection Management, System Information (including some parameter of MIB) forwarding, Paging forwarding and Access control. In UE-to-UE relay, the same principle of Rel-16 V2X should apply, i.e. the source UE and destination UE are allowed to perform sidelink communication in IDLE/INACTIVE/CONNECTED state under some circumstances, and can have separate RRC connection with its own serving gNB if needed. In this case, the U2N control plane procedures of E2E RRC connection management, system forwarding, paging monitoring and access control are not needed for UE-to-UE Relaying. However, one thing specific to UE-to-UE relay is there is an end-to-end unicast established between the Source UE and Destination UE over the per-hop unicast link between Relay UE and Source UE/Destination UE, thus from AS perspective there are E2E PC5 RRC between Source UE and Destination UE, and per-hop PC5 RRC between Relay UE and Source UE/Destination UE. We understand the E2E unicast establishment is in SA2 scope, but it may involve RAN2 on the data routing of the upper layer message, which should be further discussed based on SA2 concluded solution. After the E2E PC5 unicast establishment, there would be E2E PC5 RRC connection directly, and UE AS establishes the PC5 SRBs upon receiving the indication from upper layer that the PC5-S unicast connection has been established. There is no additional RAN2 impact to support the E2E PC5 RRC connection. 
Proposal 8: For L2 UE-to-UE relay, the E2E PC5 RRC between Source UE and Destination UE is supported without additional RAN2 effort. 
· Further discuss if the E2E unicast establishment procedure has RAN2 impact, e.g. on message forwarding based on SRAP, which is pending to SA2 discussion.
In Rel-16 V2X, the MasterInformationBlockSidelink transmitted by a UE via SL-BCH, which contains information for sidelink synchronization. Then the question is whether MasterInformationBlockSidelink or parameter(s) in MasterInformationBlockSidelink should be forwarded by Relay UE from source UE to destination UE in UE-to-UE relay.

Proposal 9: RAN2 to discuss whether MasterInformationBlockSidelink or parameter(s) in MasterInformationBlockSidelink should be forwarded by U2U Relay UE from Source UE to Destination UE.
2.2.4 On QoS handling 
· End-to-end QoS requirement 
In R17 UE-to-Network relay mechanism, from the perspective of gNB, it knows the link condition between Remote UE and Relay UE, as well as the Uu condition between gNB and relay UE. In addition, in the L2 UE-to-Network relay system, both Uu and PC5 resource allocations are controlled by the gNB. Based on this, by implementation, the gNB is able to satisfy the end-to-end QoS requirement by the two hops.
In L2 UE-to-UE relay system, the Source UE connects to Destination UE via Relay UE. When the service of Source UE is triggered, the QoS parameters is considered as the end-to-end QoS requirements between Source UE and Destination UE, which should be satisfied by two hops of link in the UE-to-UE relay. We need consider some major QoS metrics in 5G systems represented in both 5QI and PQI. Each 5QI/PQI is associated with “Priority”, “PDB (Packet Delay Budget)” and “PER (Packet Error Rate)” requirements, what we need to consider is the PDB, the total latency of two PC5 hops shall be no more than the E2E latency requirement between Source UE and Destination UE. The first hop is the PC5 link between Source UE and Relay UE, and the second hop is the PC5 link between Relay UE and Destination UE. As the Source UE, Relay UE and Destination UE may belong to different gNB, no centralized node knows about the two hops link condition. As illustrated in Figure 1, the end-to-end latency can be divided into two hop latency.
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Figure 1: QoS division based on UE or UE’s serving gNB
· QoS split over each hop
In L2 UE-to-UE relay system, the following questions should be discussed for QoS splitting:
Q1: should the QoS split be performed per direction or per connection?

Considering that the sending and receiving directions are different, the sending direction is Source UE and Relay UE to ensure QoS, however, the receiving direction is Destination UE and Relay UE to ensure QoS. Therefore, QoS split be performed per direction.
Proposal 10: QoS split is performed per direction (i.e. Source UE->Destination UE, Destination UE->Source UE).
Q2: TX UE perform QoS split or Relay UE perform QoS split？
TX UEs have end-to-end QoS requirements, splitting QoS is based on end-to-end QoS requirements. TX UE perform QoS split is more efficient.
Proposal 11: TX UE performs QoS split.
Q3: in case of RRC_CONNECTED state, does the UE or the UE’s serving gNB perform split?
In L2 UE-to-Network relay, it is up to gNB implementation to perform PDB (Packet Delay Budget) split between Uu and PC5. In L2 UE-to-UE relay system, gNB guarantees the end-to-end QoS requirement of TX UE by dividing end-to-end QoS parameters into QoS requirement on each hop, and configuring appropriate PC5 configuration.
Proposal 12: In case of RRC_CONNECTED state, it is Tx UE’s serving gNB perform QoS split and provide the per-hop QoS to the Tx UE.
Q4: what is needed to help UE/gNB perform split, more information?
In L2 UE-to-Network relay, the existing SL measurement report and CBR measurement report are used by gNB to understand PC5 link conditions and determine QoS configuration. In L2 UE-to-UE relay, the UE/gNB should be aware of the transmission conditions over two PC5 hops to appropriate handle the QoS split over two hops. SL RSRP measurement report and CBR measurement report in R17 can be reused for UE-to-UE relay. In addition, more information can be reported. For example, the Relay UE reports its estimated transmission delay to help the TX UE split the QoS.
Proposal 13: The existing RSRP measurement report and CBR measurement report can be used to assist Tx UE or its gNB on QoS split, FFS on other assistance information.
2.2.5 On other aspects 
· End-to-end security between Source UE and Destination UE
In case of L2 UE-to-Network Relay, the security (confidentiality and integrity protection) is enforced at the PDCP layer between the endpoints at the Remote UE and the gNB, ciphering is performed based on BEARER (the value RB identity –1), the BEARER ID used for ciphering and deciphering in the PDCP layer of the remote UE and gNB is the same.
In case of L2 UE-to-UE Relay, the security is established at PDCP layer in an end-to-end manner between Source UE and Destination UE. In R16 NR sidelink communication, ciphering is performed based on LSB 5 bits of LCID [5]. The protocol stacks for the user plane of L2 UE-to-UE Relay architecture is described in Figure 2, PDCP entities are located end-to-end at source UE and destination UE correspondingly, but there is no end-to-end LCID between Source UE and Destination UE, as the LCID is assigned per hop, in addition, PC5 Adaptation layer supports the N:1 bearer mapping between multiple ingress PC5 RLC channels over first PC5 hop and one egress PC5 RLC channel over second PC5 hop as described in TR 38.836 [2] clause 5.5.1, and thus LCID are also multiplexed. For U2U relay, RAN2 can discuss how to align the LCID used for end-to-end security between Source UE and Destination UE. 

[image: image2.emf]Source UE UE-to-UE Relay 

Destination 

UE

RLC Channel

RLC Channel

PC5-RLC

PC5-MAC

PC5-PHY

PC5-RLC

PC5-MAC

PC5-PHY

PC5-PDCP

PC5-SDAP

IP

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

PC5-PDCP

PC5-SDAP

IP

ADAPT ADAPT


Figure 2: User plane protocol stack for L2 UE-to-UE Relay
Proposal 14: For L2 U2U relay, the E2E security between Source UE and Destination UE is supported via E2E PDCP in the same manner of Rel-16 V2X, further discuss how to ensure the aligned LCIDs are used by Source UE and Destination UE.
3
Conclusion

In this contribution, we discussed the framework of L2 UE-to-UE relay in details and made the following proposals.
Relay discovery and (re)selection
Proposal 1: SL-SRB4 and dedicated resource pool configuration are reused for discovery message transmission and reception in R18 UE-to-UE relay.
Proposal 2: For UE-to-UE relay, 

•
For Model A, a UE can be a relay UE for a proximity UE only when threshold_min_RSRP < PC5 RSRP between the proximity UE and Relay UE < threshold_max_RSRP.

•
For Model B, a UE can be a relay UE for a Source UE only when threshold_min_RSRP < PC5 RSRP between the Source UE and Relay UE < threshold_max_RSRP.
Proposal 3: When there are multiple U2U Relay UEs available, for Model A, it is the Source UE that selects the Relay UE, and for Model B, it is the Destination UE that selects the Relay UE.
Proposal 4: The AS criteria defined for U2N relay selection (i.e. SD-RSRP> sl-RSRP-Thresh by sl-HystMin) is reused for U2U relay selection.
Proposal 5: Agree the following additional AS criteria for U2U relay selection:

•
Direct link between the Source UE and the Destination UE is prioritized over indirect link, when the RSRP of direct link> a threshold.

•
Relay UE with established unicast link is prioritized over other Relay UEs among the Relay UEs meeting the AS criteria.
Proposal 6: When PC5 RLF is detected, the Source UE/Destination UE can release the current end-to-end connection via the old Relay UE and trigger a new connection establishment procedure via a new Relay UE as a baseline procedure of relay reselection.
UE-to-UE relay adaptation layer design

Proposal 7: For U2U relay, the SRAP header includes Local ID and bearer ID in the same format as defined for U2N relay in Rel-17. 

•
FFS Local ID allocation and bearer ID determination.
Control plane procedures

Proposal 8: For L2 UE-to-UE relay, the E2E PC5 RRC between Source UE and Destination UE is supported without additional RAN2 effort. Further discuss if the E2E unicast establishment procedure has RAN2 impact, e.g. on message forwarding based on SRAP, which is pending to SA2 discussion.
Proposal 9: RAN2 to discuss whether MasterInformationBlockSidelink or parameter(s) in MasterInformationBlockSidelink should be forwarded by U2U Relay UE from Source UE to Destination UE.
QoS handling

Proposal 10: QoS split is performed per direction (i.e. Source UE->Destination UE, Destination UE->Source UE).
Proposal 11: TX UE performs QoS split.
Proposal 12: In case of RRC_CONNECTED state, it is Tx UE’s serving gNB perform QoS split and provide the per-hop QoS to the Tx UE.
Proposal 13: The existing RSRP measurement report and CBR measurement report can be used to assist Tx UE or its gNB on QoS split, FFS on other assistance information.
End-to-end security between Source UE and Destination UE

Proposal 14: For L2 U2U relay, the E2E security between Source UE and Destination UE is supported via E2E PDCP in the same manner of Rel-16 V2X, further discuss how to ensure the aligned LCIDs are used by Source UE and Destination UE.
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