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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 concluded and at the first WI [2] meeting [3] the following agreements were made:
	Proposal 3: For both DL and UL transmission of Uu radio bearers other than SRB0, identity information of a remote UE and its Uu radio bearer are included in the header of adaptation layer over Uu. FFS for SRB0. FFS if the presence of adaptation layer header can be configurable. (24/24)
Proposal 3a: The radio bearer ID in the adaptation layer header is the Uu radio bearer ID of the remote UE. (23/24)
Proposal 3b: The UE ID in the adaptation layer header is a local, temporary remote UE ID. FFS whether the local, temporary remote UE ID is assigned by the relay UE, or the serving gNB of the relay UE. (23/24)
Proposal 3c: Mapping is done at Relay UE between PC5 RLC bearer IDs, identity information of remote UE and Uu radio bearer, and Uu RLC bearer IDs.


In this contribution we provide further details on the adaptation layer design to support L2 UE-to-NW relaying and address the open aspects. 
L2 Relay UE-to-NW relaying protocol stack
The user plane and control plane protocol stacks for L2-based UE-to-NW relaying as agreed during the study item [4] are shown in figures 1 and 2 respectively. In this protocol architecture, the relaying is performed above RLC sublayer in uplink and downlink directions.  An adaptation layer over Uu interface, which can be a logical sublayer has been agreed to be supported above the RLC layer to enable the relaying process. 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).  


Figure 1 User plane protocol stack for UE-to-NW relay (L2)



Figure 2 Control plane protocol stack for UE-to-NW relay (L2)
1.1 Uu adaptation header for SRB0
Relaying of the first message from the Remote UE is still under discussion because it is not clear which configuration is to be used on the Relay UE’s Uu RLC channel as the gNB is not yet aware of the Remote UE. 
And, we have made the following agreement during RAN2#113bise:
Proposal 3: For both DL and UL transmission of Uu radio bearers other than SRB0, identity information of a remote UE and its Uu radio bearer are included in the header of adaptation layer over Uu. FFS for SRB0. FFS if the presence of adaptation layer header can be configurable
The configuration to be used for Remote UE’s SRB0 is still under discussion as part of the connection management procedure. Most companies do tend to agree that either network configuration or default configuration can be utilized to support SRB0. We think that if the gNB is informed of the Remote UE’s request, it can provide initial configuration to the Relay UE that can include the local, temporary ID for the Remote UE and the Uu RLC channel configuration for relaying SRB0. Given that the network configuration is feasible, it also provides the advantage of uniform system design to enforce Uu adaptation header for all the packets that are being relayed, including SRB0. 
Observation 1: 	The usage of Uu adaptation header for SRB0 is inter-dependent on using Remote-UE specific dedicated configuration for SRB0 (i.e. inter-related to connection management discussion).
At the same time, some companies suggested to use default configuration with adaptation layer while others argued that the adaptation layer itself is not yet set up. We think that even with default configuration, we can support the usage of adaptation layer header using Relay UE assigned temporary ID and default or fixed bearer ID. Therefore, we can agree that the header of adaptation layer over Uu is always present for all DL and UL transmissions of Uu radio bearers including SRB0. The header information can be reconfigured once the connection is fully established. Similarly, we think that it is supported for SRB1 (RRCResume, RRCSetup) transmission as well.
Proposal 1: 		Uu adaptation layer header is supported for transmission of SRB0 and SRB1. 
1.2 Configurability of the presence of adaptation header
[bookmark: _Hlk78293812]We also have an open aspect wherein considering the scenario where there is one Remote UE and/or 1:1 mapping between the Remote UE’s Uu radio bearer/PC5 RLC channel and Relay UE’s Uu RLC channel, there is no need to include the Uu adaptation header to reduce the signalling overhead introduced in every packet. We have to note here that the potential signalling introduced by the inclusion of adaptation header could be less than 2 octets (DRB ID + local ID of about 6 bits). There are a few options that can be considered to address this case as discussed below:
a) By preconfiguration at Relay UE: With this option, the Relay UE is authorized/preconfigured to support only 1:1 mapping and one Remote UE. It is possible to realize this option if the Relay UE stops discovery as soon as one of the Remote UEs is already connected with it. The Relay UE thus restricts the number of Remote UEs that can connect through it. 
b) By network configuration prior to Relaying: In this option, when the Relay UE is registered or configured initially, it may receive configuration via dedicated signalling on whether the Uu adaptation header is supported or not. 
c) By network configuration upon first message reception: In this option, when a Remote UE connects to the Relay UE by sending the first message, the gNB could configure the Relay UE i.e. after PC5 connection establishment to support only one Remote UE. 
We think that introducing a mechanism to restrict the usage of Uu adaptation header may result in more specification impact. Given the relatively small size of the overhead and the corner case for when the header need not be applied, we think that the Uu adaptation header need not be configurable.
Proposal 2: 		The presence of Uu adaptation layer header is not configurable. 
1.3 Remote UE ID
[bookmark: _Hlk78292889]The Remote UE ID to be included within the Uu adaptation layer header has been agreed to be a locally assigned temporary ID. The open aspect is whether this is to be assigned by the Relay UE or the serving gNB of the Relay UE. 
Whether the Remote UE ID is assigned by the Relay UE or the gNB is tied to a couple of important aspects:
· a) Whether the SRB0 message from Remote UE includes the adaptation header or sent in a different manner.
· b) Whether the Relay UE sends a ‘SidelinkUEInformation’ type of message to the gNB upon receiving the first message from the Remote UE. 
· c) If the Relay UE has assigned a local temporary Remote UE, whether the gNB assigns another local temporary Remote UE ID while configuring the Relay UE and Remote UE upon Remote UE’s successful relayed connection establishment.
In general, to reduce implementation complexity at the Relay UE, additional overhead due to aspect c) discussed above and to improve uniqueness of the ID (when there are multiple Remote/Relay UEs at the gNB), it is recommended that the gNB allocate the local temporary ID to the Remote UE and maintain the mapping information. 
The Relay UE can use this ID within the adaptation header along with the network configuration to map the RLC SDU received with default PC5 configuration during initial connection establishment message. 
If the SRB0 is agreed to be carried without any adaptation header or with the header but with default value for the bearer ID, the Relay UE may utilize a semi-temporary ID that gets changed later upon network configuration. 
Proposal 3a: 	The local ID for Remote UE to be used within the adaptation header for L2 UE-NW relaying at least after SRB0 transmission is assigned by the serving gNB of the Relay UE.
Proposal 3b:  	If network configuration is used for relaying Remote UE’s SRB0, the Uu adaptation layer header uses local temporary ID for Remote UE assigned by the network; whereas if default configuration is used for relaying Remote UE’s SRB0, the Uu adaptation layer header information uses local Remote UE ID assigned by the Relay UE.
The gNB can then have a mapping between the local temporary ID assigned by the Relay UE and the final local temporary ID assigned by itself to determine the Remote UE.
1.4 [bookmark: _Hlk78317237]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 [4]. 

	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. 


Figure 2. Mapping of DRB to RLC channels in L2 relaying

Although the number of SL logical channels supported as per the MAC specification is only 16, it is per PC5-RRC link between two peer UEs. Since the PC5 unicast link establishment procedure between Remote UE and Relay UE follows the V2X PC5 unicast link establishment method, it is possible for the Remote UE and Relay UE to set up additional PC5 links as necessary. In general, 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 2: 	Supported PC5 RLC channels of 16 is per PC5-RRC link (between a pair of source and destination layer-2 IDs wherein the source layer-2 ID is self-assigned) and maximum number of logical channels for NR sidelink of 512 is per UE .

Furthermore, the gNB could already be aware of the available PC5 RLC channels and configure the mapping accordingly. 

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, 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 logical adaptation layer considering it is also future proof to support extensibility.

Proposal 4: 	RAN2 agree to not introduce N:1 mapping between Remote UE Uu radio bearer and PC5 RLC channel.

While one option is to leave the mapping to network implementation, it is necessary to specify how the mapping is exactly performed at the UE side even with network configuration information.
 
[bookmark: _Hlk79069720]Proposal 5: 	RAN2 agree to support 1:1 mapping between Remote UE Uu radio bearer and PC5 RLC channel and discuss two options to support the same:
		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.
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: 	The usage of Uu adaptation header for SRB0 is inter-dependent on using Remote-UE specific dedicated configuration for SRB0 (i.e. inter-related to connection management discussion).
Observation 2: 	Supported PC5 RLC channels of 16 is per PC5-RRC link (between a pair of source and destination layer-2 IDs wherein the source layer-2 ID is self-assigned) and maximum number of logical channels for NR sidelink of 512 is per UE.
Proposal 1: 		Uu adaptation layer header is supported for transmission of SRB0 and SRB1.
Proposal 2: 		The presence of Uu adaptation layer header is not configurable. 

Proposal 3a: 	The local ID for Remote UE to be used within the adaptation header for L2 UE-NW relaying at least after SRB0 transmission is assigned by the serving gNB of the Relay UE.
Proposal 3b:  	If network configuration is used for relaying Remote UE’s SRB0, the Uu adaptation layer header uses local temporary ID for Remote UE assigned by the network; whereas if default configuration is used for relaying Remote UE’s SRB0, the Uu adaptation layer header information uses local Remote UE ID assigned by the Relay UE.
Proposal 4: 	RAN2 agree to not introduce N:1 mapping between Remote UE Uu radio bearer and PC5 RLC channel.

Proposal 5: 	RAN2 agree to support 1:1 mapping between Remote UE Uu radio bearer and PC5 RLC channel and discuss two options to support the same:
		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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