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Introduction  
The study item on Sidelink Relay [1] in NR to support UE-to-Network coverage extension and UE-to-UE coverage extension has concluded and a new WI [2] focusing primarily on L2 and L3 based UE-to-Network relaying has been approved at RAN#91e with the following objectives:
	The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
[bookmark: _Hlk67323386]Work Item objectives on aspects common to both L2 and L3:
1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]
a. Re-use LTE relay discovery and (re)selection as baseline
2. Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]
a. Re-use LTE as baseline
Work Item objectives specific to Layer-2 (L2) relaying:
3. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4. Specify mechanisms for service continuity 
a. Limited to intra-gNB cases [RAN2]
5. Specify mechanisms for U2N Adaptation layer design [RAN2]
a. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]

NOTE 1:	RAN requests RAN2 to strive for completion of the common parts (objective 1) by RAN#92 (June). RAN understands that RAN2 will also initially work on other aspects that have cross-group dependencies. 
NOTE 2:	For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.
NOTE 3:	Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.
NOTE 4:	Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.


In this contribution we provide details on the adaptation layer design to support L2 UE-to-NW relaying. 
L2 Relay protocol stack
In this section we will discuss the impacts on user plane/control plane protocol stack for L2-based UE-to-NW relaying. As a baseline, the protocol architecture for the user plane and control plane for L2-based relaying for UE-to-NW scenario assumes that relaying is performed above RLC sublayer in uplink and downlink directions [3].  An adaptation layer which can be a logical sublayer has been studied and agreed to be supported above the RLC layer to enable the relaying process. 
Observation 1: As a baseline, L2 UE-to-NW relaying is performed above RLC using an adaptation layer to carry Remote UE’s traffic (both control plane and user plane).
1.1 UE-to-NW relaying
As part of UE-to-NW relaying, the Remote UE’s Uu PDCP and RRC layers are terminated between Remote UE and gNB while RLC, MAC and PHY are terminated in each link (between Remote UE and Relay UE using PC5 and then Relay UE and gNB using Relay UE’s Uu). A sample user plane protocol stack for L2-based UE-to-NW case as per [3] is shown below for reference.


[bookmark: _Hlk50062175]Figure 1 User plane protocol stack for UE-to-NW relay (L2)
1.1.1.1 Adaptation layer design
L2-based UE-to-NW relaying is characterized by using the adaptation layer wherein the data from Remote UE is exchanged with the CN using Remote UE’s own PDU session by maintaining end-to-end PDCP. Thus, the Remote UE is visible to the gNB and the uplink and downlink traffic are routed using information provided by the adaptation layer. It has been agreed during the study that the Relay UE maps the incoming PC5 traffic in uplink onto Relay UE’s Uu RLC channel established with the gNB. Traffic of one or multiple Remote UEs may be mapped to a single DRB of Uu interface of Relay UE. Multiple Uu DRBs may be used to carry traffic of different QoS levels for one or multiple Remote UEs. It is also possible to multiplex traffic of the Relay UE itself onto the Uu DRB, which is also used to carry relayed traffic to/from Remote UEs. The mapping of the traffic between sidelink bearers and Uu bearers is done by the gNB and the mapping is configured in the Relay UE by the gNB. The adaptation layer between the Relay UE and the gNB is able to differentiate between bearers (SRB, DRB) of a particular Remote UE and provide relevant information in the header for the gNB to determine the corresponding PDCP entity for the Remote UE. 
The QoS is controlled by the network and QoS associated with different bearers between the Relay UE and gNB can be applied. The Remote UE may also be identified in the adaptation layer header on Uu by a local identifier which is known at least to the gNB and Relay UE. 
Uplink support
Based on [3], as a baseline, the Uu adaptation layer at Relay UE supports UL bearer mapping between ingress PC5 RLC channels for relaying and egress Uu RLC channels over the Relay UE Uu path and different Uu radio bearers of the same Remote UE and/or different Remote UEs can be subject to N:1 mapping and data multiplexing over Relay UE’s Uu RLC channel. To enable multiplexing of data coming from multiple radio bearers of same or different Remote UE(s), Uu adaptation layer adds a header to carry at least the following information to support Remote UE identification for the UL traffic: 1) Remote UE Uu Radio Bearer identity information and 2) Remote UE identity information and gNB uses the header information to associate the received data packets to the specific PDCP entity of the Uu Radio Bearer belonging to a Remote UE.
Downlink support
Similarly, in downlink, the gNB’s adaptation layer performs the DL bearer mapping of the Remote UE’s end-to-end SRB/DRB onto Relay UE’s Uu RLC channel corresponding to available QoS information. It has been agreed during the study that multiplexing of DL bearers of Remote UE onto one Uu RLC channel of Relay UE is allowed. The identity information of Remote UE Uu Radio Bearer and the identity information of Remote UE needs be put into the Uu adaptation layer by gNB at DL in order for Relay UE to map the received data packets from Remote UE Uu Radio Bearer to its associated PC5 RLC channel. The Uu adaptation layer can thus be used to support N:1 bearer mapping in the downlink and data multiplexing between multiple end-to-end Radio Bearers (SRBs, DRBs) of a Remote UE and/or different Remote UEs and one Uu RLC channel over the Relay UE Uu path.
Based on the above discussions, the functions supported by the adaptation layer for UE-to-NW relaying are summarized as per below:
· Support identification of the Remote UE i.e. add Remote UE ID into the header in uplink, decode the Remote UE ID from the header in downlink
· Support identification of Remote UE’s Uu bearer i.e. i.e. add LCID into the header in uplink, decode the LCID from the header in downlink
· Mapping the ingress PC5 RLC channel to egress Relay UE’s Uu RLC channel in uplink
· Mapping Remote UE’s Uu radio bearer to Relay UE’s Uu RLC channel in downlink
· Multiplexing of PDCP PDUs to RLC SDU in uplink
· Demultiplexing of RLC SDU to PDCP PDUs in downlink
Proposal 1: RAN2 to discuss and confirm the functions supported by L2 U2N relaying adaptation layer functions including: 
· Support identification of the Remote UE i.e. add Remote UE ID into the header in uplink, decode the Remote UE ID from the header in downlink
· Support identification of Remote UE’s Uu bearer i.e. add LCID into the header in uplink, decode the LCID from the header in downlink
· Mapping the ingress PC5 RLC channel to egress Relay UE’s Uu RLC channel in uplink
· Mapping the Remote UE’s Uu radio bearer to Relay UE’s Uu RLC channel in downlink
· Multiplexing of PDCP PDUs to RLC SDU in uplink
· Demultiplexing of RLC SDU to PDCP PDUs in downlink
Correspondingly, to support the multiplexing, the following content is agreed for the adaptation layer header:
· Remote UE’s Uu LCID
· Remote UE ID 
Observation 2: Adaptation layer over Uu between Relay UE and gNB for L2 U2N relaying specifically includes the Remote UE ID, and Remote UE’s Uu LCID for bearer identification. 
The Remote UE ID can be Remote UE’s full/partial of I-RNTI, if available or 5G-S-TMSI or some other locally assigned ID which is much shorter for use within the adaptation header. There was a security concern with allowing the Remote UE’s ID to be visible to the Relay UE, which we can verify with SA3 (it is anyways needed for paging monitoring). 
Proposal 2: Discuss details of the Remote UE ID including checking with SA3 on whether it is reasonable to share Remote UE’s 5G-S-TMSI with Relay UE over secure PC5 link.
The Remote UE could assign itself a random ID that is used until connection is established with the network. The Remote UE may send this self-assigned ID to the Relay UE over PC5-RRC upon setting up the unicast link and performing relay selection. The Relay UE can use this ID temporarily within the adaptation header along with a default configuration to map the RLC SDU received with default PC5 configuration during initial connection establishment message. It is also possible that the gNB has configured the Relay UE during authorization along with default configuration.
Proposal 3: Discuss whether to assign a temporary Remote UE ID for relaying until the Relay UE is configured by the gNB with Remote UE-specific information.
Proposal 4: Discuss whether the temporary Remote UE ID should be a) self-assigned and shared with the Relay UE over PC5-RRC or b)assigned by the Relay UE or c) assigned based on gNB configuration (as part of default configuration information).
Once the Remote UE’s Uu connection is established, after the gNB configures the Remote UE and Relay UE, a locally-unique short relaying-specific ID can be assigned by the network for relaying purposes to reduce signalling overhead. The gNB can have a mapping between the relaying-specific ID and the original ID to do the corresponding mapping.
Proposal 5: Discuss whether a shorter ID is assigned by the gNB for the Remote UE for adaptation over Uu. FFS exact details. 
1.1.2 Need for adaptation over PC5

For L2-based UE-to-NW relaying, adaptation over PC5 is left open during the study item as shown below from the study item conclusions [3]. 

	Whether the adaptation layer is also supported at the PC5 interface between Remote UE and Relay UE can be discussed in the normative phase.


Some companies preferred adaptation over PC5 to enable flexible N:1/1:1 mapping between Remote UE Uu radio bearers and PC5 RLC channels for support of forward compatibility and unified protocol stack design between U2N and U2U relaying. It is most useful considering U2U relaying and multi-hop capability and since U2U relaying is deprioritized for Rel-17, we can discuss whether to deprioritize specification of adaptation layer over PC5. Currently, if adaptation layer over PC5 is not considered, then a 1:1 mapping is assumed between Remote UE Uu radio bearer and PC5 RLC channels established with the Relay UE as shown in figure 2. 

We also think that the number of logical channels of 512 per UE associated for NR Sidelink [TS38.331] should be sufficient to accommodate Uu radio bearers (wherein maximum logical channels is 32) for relaying purposes. 

Observation 3: The maximum number of logical channels for NR sidelink is 512 and that of NR Uu is 32. There could be a limitation if dozens of Remote UEs are to be supported by a given Relay UE.

At the same time, it is to be discussed about which layer will perform the mapping of incoming Uu Radio bearer onto PC5 RLC channel even for 1:1 mapping. The functions can be split between PDCP and RRC or as some company pointed out during discussion as well, an adaptation layer with zero bit header could be introduced to especially handle the mapping function. This ensures that the specification impact is limited to primarily specifying adaptation layer and it is also future-proof to support extensibility.

Proposal 6a: RAN2 agree to not introduce N:1 mapping between between Remote UE Uu radio bearer and PC5 RLC channel.

Proposal 6b: RAN2 to discuss two options to support 1:1 mapping between Remote UE Uu radio bearer and PC5 RLC channel:
	Option-1: PC5 Adaptation layer with 1:1 mapping function and no adaptation layer header
	Option-2: No PC5 Adaptation layer and 1:1 mapping function supported at PDCP layer.


Figure 2. Mapping of DRB to RLC channels in L2 relaying
Conclusion
In this contribution, we discussed the adaptation layer design for L2-based UE-to-NW relaying and have the following observations and proposals: 
Adaptation layer design and protocol stack for UE-to-NW Relaying
Observation 1: As a baseline, L2 UE-to-NW relaying is performed above RLC using an adaptation layer to carry Remote UE’s traffic (both control plane and user plane).
Observation 2: Adaptation layer over Uu between Relay UE and gNB for L2 U2N relaying specifically includes the Remote UE ID, and Remote UE’s Uu LCID for bearer identification.
Observation 3: The maximum number of logical channels for NR sidelink is 512 and that of NR Uu is 32. There could be a limitation if dozens of Remote UEs are to be supported by a given Relay UE.
Proposal 1: RAN2 to discuss and confirm the functions supported by L2 U2N relaying adaptation layer functions including: 
· Support identification of the Remote UE i.e. add Remote UE ID into the header in uplink, decode the Remote UE ID from the header in downlink
· Support identification of Remote UE’s Uu bearer i.e. add LCID into the header in uplink, decode the LCID from the header in downlink
· Mapping the ingress PC5 RLC channel to egress Relay UE’s Uu RLC channel in uplink
· Mapping the Remote UE’s Uu radio bearer to Relay UE’s Uu RLC channel in downlink
· Multiplexing of PDCP PDUs to RLC SDU in uplink
· Demultiplexing of RLC SDU to PDCP PDUs in downlink.
Proposal 2: Discuss details of the Remote UE ID including checking with SA3 on whether it is reasonable to share Remote UE’s 5G-S-TMSI with Relay UE over secure PC5 link.
Proposal 3: Discuss whether to assign a temporary Remote UE ID for relaying until the Relay UE is configured by the gNB with Remote UE-specific information.
Proposal 4: Discuss whether the temporary Remote UE ID should be a) self-assigned and shared with the Relay UE over PC5-RRC or b)assigned by the Relay UE or c) assigned based on gNB configuration (as part of default configuration information).
Proposal 5: Discuss whether a shorter ID is assigned by the gNB for the Remote UE for adaptation over Uu. FFS exact details. 
Proposal 6a: RAN2 agree to not introduce N:1 mapping between between Remote UE Uu radio bearer and PC5 RLC channel.

Proposal 6b: RAN2 to discuss two options to support 1:1 mapping between Remote UE Uu radio bearer and PC5 RLC channel:
	Option-1: PC5 Adaptation layer with 1:1 mapping function and no adaptation layer header
	Option-2: No PC5 Adaptation layer and 1:1 mapping function supported at PDCP layer.
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