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Introduction  
During last meeting (RAN2#115e) as part of adaptation layer discussion it was agreed to support PC5 adaptation layer; some of the important agreements are provided below:
	Adaptation layer is not present over PC5 hop for SRB0 [16/19].
Adaptation layer is not present over PC5 hop for BCCH and PCCH [15/15].
Support the adaptation layer on PC5 for bearer mapping only.
Serving gNB of relay UE assigns the local/temp remote UE ID.
For SRB0, adaptation layer is present over Uu hop for UL.
For SRB0, adaptation layer is present over Uu hop for DL.
RAN2 postpones discussions on configurability of Uu adaptation layer header and revisits it if time allows. 
A single adaptation layer entity for the Uu adaptation layer is configured in the relay UE .  
Uu RLF is not indicated in adaptation layer.



In this contribution we provide further details on the adaptation layer design stemming from the agreements, to support L2 UE-to-NW relaying and address any 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] with the adaptation layer at both Uu and PC5 hops 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 and PC5 interface, both of 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). Now that the protocol architecture is considered to have stabilized in design, we can think about renaming the ‘ADAPT’ layer with ‘Relay Adaptation Layer, RAL’ or ‘Relay Adaptation Protocol or RAP’ for relevance. Since we also agreed that Uu adaptation layer and PC5 adaptation layer are separate entities for specification purpose, we can also include the terminology accordingly. 
Proposal 1:	 Consider renaming ADAPT layer to Relay Adaptation Protocol or Relay Adaptation Layer  with a prefix of PC5 and Uu for PC5 adaptation layer and Uu adaptation layer respectively.


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 PC5 Adaptation layer

We agreed that PC5 adaptation layer will be supported for U2N relaying to perform N:1 bearer mapping between Remote UE’s Uu radio bearers and PC5 RLC channel. This will ensure unified protocol stack design between U2N and U2U relaying and aid in multi-hop relaying when supported. In order to ensure the bearers mapped to the same PC5 RLC channel can be differentiated, a header is to be introduced containing at least the Remote UE ID and the Remote UE’s Uu bearer ID information. 

In the uplink direction, the adaptation layer at the Remote UE maps the Remote UE’s Uu radio bearer onto the assigned PC5 RLC channel for all traffic except SRB0 as already agreed. The peer Relay UE adaptation layer receives traffic from N Uu radio bearers over one PC5 RLC channel. 
In the downlink direction, the adaptation layer at the Remote UE receives the traffic over the PC5 RLC channel and demultiplexes and forwards the N different Uu radio bearers to PDCP layer. Unlike Uu adaptation layer scenario, since PC5 is peer-to-peer, the Relay UE is already aware of the Remote UE’s source Layer-2 ID and the local/temporary ID and can differentiate the traffic coming over the PC5 RLC channel. Therefore, we think that there is no need to include the identity of the Remote UE in the header to save on signalling.  

Observation 1:	There is no need for the Remote UE to include its Remote UE ID information in the header of PC5 adaptation layer.

Proposal 2:	 For both UL and DL transmission of Remote UE’s Uu radio bearers other than SRB0, its end-to-end Uu radio bearer ID is included in the header of PC5 adaptation layer.

Furthermore, we have already agreed that the serving gNB assigns the local/temporary ID for the Remote UE to be used over the Uu adaptation layer. We think that the gNB will share the local/temporary Remote UE ID with the Relay UE during its configuration. It is not really necessary for the Remote UE to obtain this local ID as the Relay UE maintains the mapping information. 

Proposal 3: 	 Serving gNB of Relay UE shares the local/temporary Remote UE ID with the Relay UE during the PC5 and Uu RLC configuration using dedicated signalling.

We have already agreed that 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 addition, there needs to be discussion about whether a control PDU is to be defined over the PC5. In general, a control PDU is used to inform the UE about failure of the link or some form of flow control. We have already agreed that the PC5 adaptation will be used for bearer mapping only. Moreover, we think that for a single hop scenario in Release 17, we do not need to have a control PDU and the link release mechanisms are sufficient to handle RLF events. 

Proposal 4: 	A control PDU is not defined over PC5 adaptation layer.

1.1.1 Relaying and non-relaying traffic differentiation
During the email discussion [RAN2#115e#604], it was discussed that in order to differentiate relay and non-relay traffic over PC5 hop, from R2 perspective, whether different L2 ID and/or different LCID or an indication in adapation layer can be used. More companies preferred different LCID than different L2 ID. It was later decided that for the usage of different LCID, it can be revisited based on SA2 decision on whether shared L2 ID for relay and non-relay traffic needs to be considered. The discussion options are provided below:
	Q2.2-3: Which option(s) can be used to differentiate relay and non-relay traffic over PC5 hop?
Option-1: Via different L2 ID (i.e., relay and non-relay traffic carried via different L2 links);
Option-2: Via different LCID (i.e., relay and non-relay traffic carried via a same L2 links but different LCH);
Option-3: Via indication in adaptation layer (i.e., relay and non-relay traffic carried via a same L2 links and a same LCH – this option is only possible in case one selected option-1/2 for Q2.2-1a/b)


SA2 has recently updated their TS23.304 suggesting that the PC5 unicast link will be different for relaying vs. non-relaying traffic as shown below. But, it is not entirely clear whether the UE will use the same source layer-2 ID or different source layer-2 ID for relaying vs. non-relaying traffic. However, we can generally assume that since two different PC5 unicast links will be utilized, it is possible to differentiate them and therefore, it is not necessary to use different LCID to differentiate them. 
	“A 5G ProSe Remote UE and a 5G ProSe UE-to-Network Relay shall set up a separate PC5 unicast links if an existing unicast link(s) was established with a different Relay Service Code or without a Relay Service Code.



Observation 2:	Relay and non-relay traffic will be carried using different L2 ID/PC5 unicast link over PC5 hop.
Proposal 5:	 It is not necessary to use different LCID/LCH to differentiate relay and non-relay traffic over PC5 hop.
1.2 Relaying and non-relaying traffic differentiation at Uu Adaptation 
During email discussion at RAN2#115e [604], there was a question on how to differentiate relaying and non-relaying traffic over Uu hop and whether we need to use the adaptation layer to support it. The motivation to support both traffic over the same logical channel was to ensure there wasn’t LCID shortage at the Relay UE. But due to the complexity of multiplexing relaying traffic with adaptation layer and non-relaying traffic without the adaptation layer and the need to not impact any of the non-relaying traffic at the Relay UE, it is better to differentiate the two traffic by using different LCID/different logical channels. 
Proposal 6: 	Differentiate relay and non-relay traffic over Uu using different RLC channel and different LCID. 
1.3 Configurability of the presence of adaptation header
[bookmark: _Hlk78293812]In the past meeting, we have postponed the issue on configurability of the presence of adaptation header. This is the case 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 7: 	The presence of Uu adaptation layer header is not configurable. 
1.4 Local Remote UE ID configuration 
We have agreed that the serving gNB of the Relay UE assigns the local/temporary ID of the Remote UE and we also discussed and agreed that there is no compatibility issue with gNB assigning the ID and support of adaptation layer for SRB0. Therefore, once the Relay UE receives the SRB0 from Remote UE, the Relay UE should inform the gNB about the new Relaying request from the Remote UE and obtain configuration that includes the local/temporary Remote UE ID. This aspect could be discussed as part of the Control Plane topic, however, since the Remote UE ID has been agreed to be used within the Uu adaptation layer for SRB0, we think that the message towards gNB can be covered in this topic.
The existing SidelinkUEInformation or a new message over Uu can be used by the Relay UE to carry Remote UE information to the gNB. The Relay UE includes at least the Remote UE’s layer-2 ID within the message. This indicates to the gNB that the Remote UE is interested in performing relaying. The gNB proceeds to assign a local/temporary ID to the Remote UE and configures the Relay UE using Reconfiguration message. 
Proposal 8:	Upon receiving a message over the fixed configuration based PC5 RLC channel (i.e. SRB0) from Remote UE, Relay UE to send Remote UE’s layer-2 ID to gNB in SidelinkUEInformation or a new message dedicated to L2 U2N relaying
 Proposal 9:	gNB configures Relay UE’s Uu RLC channel for relaying while providing the Remote UE’s local/temporary ID within the Reconfiguration message (along with Remote UE’s layer-2 ID for mapping).
Conclusion
In this contribution, we discussed the adaptation layer design for L2-based UE-to-NW relaying and have the following observations and proposals: 
Observation 1:	There is no need for the Remote UE to include its Remote UE ID information in the header of PC5 adaptation layer.
Observation 2:	Relay and non-relay traffic will be carried using different L2 ID/PC5 unicast link over PC5 hop.
Proposal 1:	 Consider renaming ADAPT layer to Relay Adaptation Protocol or Relay Adaptation Layer  with a prefix of PC5 and Uu for PC5 adaptation layer and Uu adaptation layer respectively.
Proposal 2:	 For both UL and DL transmission of Remote UE’s Uu radio bearers other than SRB0, its end-to-end Uu radio bearer ID is included in the header of PC5 adaptation layer.

Proposal 3: 	 Serving gNB of Relay UE shares the local/temporary Remote UE ID with the Relay UE during the PC5 and Uu RLC configuration using dedicated signalling.

Proposal 4: 	A control PDU is not defined over PC5 adaptation layer.

Proposal 5:	 It is not necessary to use different LCID/LCH to differentiate relay and non-relay traffic over PC5 hop.
Proposal 6: 	Differentiate relay and non-relay traffic over Uu using different RLC channel and different LCID. 
Proposal 7: 	The presence of Uu adaptation layer header is not configurable. 
Proposal 8:	Upon receiving a message over the fixed configuration based PC5 RLC channel (i.e. SRB0) from Remote UE, Relay UE to send Remote UE’s layer-2 ID to gNB in SidelinkUEInformation or a new message dedicated to L2 U2N relaying.
 Proposal 9:	gNB configures Relay UE’s Uu RLC channel for relaying while providing the Remote UE’s local/temporary ID within the Reconfiguration message (along with Remote UE’s layer-2 ID for mapping).
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