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[bookmark: _Toc50024454]1	Introduction
[bookmark: references]RAN2#111e kicked off the study item on Sidelink Relay [1] in NR with several agreements related to scope, discovery, L2 and L3 relaying concepts. Multiple detailed post email discussions were held to cover the different topics. In this contribution, we will cover open aspects related to L2 Relaying some of which were addressed but left for further discussion in the email discussion [111e#627]. 
[bookmark: definitions][bookmark: clause4][bookmark: _Toc50024460]2	Discussion
[bookmark: _Toc50024461]2.1	Need for PC5 Adaptation layer over first hop for U2N relay
The need for PC5 adaptation layer to perform N:1 mapping between Remote UE Uu radio bearer and PC5 RLC channel for relaying was discussed during the email discussion post RAN2 meeting 111e#627. It is left for further online discussion as some companies do not see the need for this feature as part of UE-to-network relaying. Since the need to map multiple end-to-end PC5 radio bearers to a single PC5 RLC relaying channel has been considered useful/feasible by a majority of companies for U2U relaying, we wonder if there is any technical roadblock to support it for U2N relaying as well. There are a couple of issues put forth including overhead from adaptation and lack of motivation as there is sufficient LCID space for 1:1 mapping. As some companies already mentioned, it may be a good idea to unify the design principle across U2U and U2N as much as possible. At the same time, it is worth noting that since multiple PC5 unicast links are possible between a given pair of UEs, there can be multiple PC5 RLC channels per PC5-unicast link/PC5-RRC connection per UE pair. 
Observation 2.1.1: PC5 RLC channel is unique per PC5 unicast link and a given UE pair may have multiple PC5 unicast links. 
If the PC5 RLC channel is per PC5 unicast link, then we may need to further clarify whether multiple relaying channels are subsequently allowed between a given Remote UE and Relay UE. Thereby, it may be worth studying if there will be additional complexity or if it is even possible to perform multiplexing across different Remote UEs onto a single PC5 RLC channel as one company had suggested during the email discussion. 
Proposal 2.1.1: Discuss whether multiple PC5 unicast links from a given Remote UE towards the same Relay UE for L2 U2N relaying purpose is allowed.
As most other companies suggested, if the multiplexing is only for use within a single Remote UE, the N:1 mapping may not be as beneficial as the gNB may configure the RBs accordingly for a given UE. Thus, one-to-one mapping between Remote UE Uu RB and PC5 RLC channel over first hop may be sufficient. The only benefit that remains will be for future compatibility to multi-hop scenario. Our current view is that both 1:1 and N:1 mapping may be considered during the study item with a condition to further study and down-select the option during the WI phase. 
Proposal 2.1.2: Support both 1:1 and N:1 mapping between Remote UE Uu bearer and PC5 RLC channel and further down-select during WI phase. 
[bookmark: _Toc49150797][bookmark: _Toc50024466]2.2	Connection Establishment for L2 U2N Relay 
As part of the post-meeting [R2#111e#627] email discussion, connection establishment procedure for L2 relaying was covered in detail. The rapporteur summarized all the companies’ inputs and left for further discussion those aspects that were not agreed in majority. 
2.2.1	Configuration of Uu Adaptation layer
As the Remote UE might be out-of-coverage when initiating relay connection with a L2 Relay, it needs to establish control plane connection from RRC_IDLE, with the first RRC message being ‘RRC Setup Request’ that is usually sent over Uu SRB0. The Relay UE must already be in RRC_CONNECTED state to be able to relay this message towards the gNB. It was clarified during discussion that the PC5 will use default configuration initially however, based on the company inputs, it is considered not clear when the Uu adaptation layer is configured/setup at the Relay UE and therefore it is left FFS about how the message is transmitted over Relay UE’s Uu link. 
We think that a Uu adaptation layer may be setup/configured by the gNB at the Relay using the following options:
a) With a common configuration when the Relay UE is initially allowed or authorized to act as a Relay, in a dedicated or broadcast manner
b) With a specific configuration and bearer mapping configuration when the Relay UE sends a Sidelink UE information message containing Remote UE information upon receiving the first message from any Remote UE
c) With a common configuration provided during previous RRC Reconfiguration
d) With a default configuration captured in the specification. 
We think all the above options are viable/feasible and we propose to further discuss and down-select in RAN2.
Observation 2.2.1.1: Multiple configuration options are possible for initial message Uu adaptation.
When the Remote UE sends a message to the Relay UE, we need to discuss if the Relay UE can determine whether the message is CP or UP message, either based on information received over the PC5 interface or adaptation layer header information. It may happen to be a UP message in case the Remote UE was in RRC_CONNECTED with the gNB and switches to the Relay UE for data transmission while still in coverage.
Observation 2.2.1.2: Remote UE’s first message to be relayed via the Relay UE may be user plane data in gNB-controlled path switch procedure. 
Similarly, there can be different scenarios to be considered and a unified solution may be needed to forward all of the Remote UE’s messages towards the gNB. This means that an adaptation layer header to provide specific information may be needed for every relayed message including the first message.  
Further, there are a few possibilities for the relaying transmission of the first RRC message from the Remote UE, some of which were considered as part of the email discussion inputs: 
a) Relay UE sends the first RRC Setup request message from Remote UE through the previously configured common Uu adaptation layer (i.e. with the adaptation layer header) using a specially defined control plane message[with predefined or default configuration if no bearer mapping configuration is made available by the gNB or specific configuration if bearer mapping configuration is made available by the gNB].
b) Relay UE sends the first RRC Setup request message from Remote UE with no adaptation layer header using a specially defined control plane message [with predefined or default configuration if no bearer mapping configuration is made available by the gNB or specific configuration if bearer mapping configuration is made available by the gNB].
Considering the two options, option b) may involve additional specification impact and special handling of first message and therefore first option (option a) may be preferred. Within this option, how the adaptation layer is configured using the aforementioned options for configuration may be further discussed. 
Proposal 2.2.1.1: Agree that Remote UE’s first message to be relayed via the Relay UE includes the adaptation layer header information. FFS how the adaptation layer can be set up to relay the first RRC message considering all the options.
2.2.2	Connection establishment procedure
The connection establishment procedure for L2 Relaying that may be captured in the TR in lieu of the block diagram based flow proposed during the email discussion, is provided in figure 2.2.2.1. Here, we showcase the idle to connected transition procedure being relayed through the L2 relay UE. A similar procedure for inactive to connected mode needs to be considered as well. The individual messages are shown as part of the relaying procedure. How the messages are exactly carried over the PC5 and Uu interfaces may be considered in detail during the WI phase. The details of the messages towards CN may be worked on during the WI phase as well (involving RAN3). 


Figure 2.2.2.1 Connection establishment procedure via L2 Relay UE
Proposal 2.2.2.1: Consider including the connection establishment figure 2.2.2.1 in TR 38.836.
2.3	Paging monitoring for L2 Relaying
During the RAN2#111e meeting, the following agreement was made related to the paging monitoring for the Remote UE. 
	The Option 2 as studied in TR36.746 for FeD2D paging is selected as the baseline paging relaying solution for L2 based UE-to-Network relaying case (i.e. Relay UE monitors the Remote UE's PO in addition to its own PO.)


 
In this section we discuss and provide further details as to how the Relay UE can monitor Remote UE paging while the Remote UE is in L2 Relaying session with the Relay UE. 
When the Remote UE has established a unicast connection with the L2 Relay UE, it need not monitor its own paging occasions (for both RAN and CN paging) whether it is in-coverage or out-of-coverage and this may be configured by the network. The Relay UE has to monitor multiple paging occasions including its own. The Relay UE has to determine the paging occasion of the Remote UE and then decode the paging message at this paging occasion and determine which Remote UE the paging is for. The Relay UE then needs to relay the Remote UE’s paging message over the PC5 interface. A diagram depicting this operation is shown in figure 2.3.1.
	

Figure 2.3.1 Paging using L2 Relaying

Editor’s note: Whether the Relay UE sends the paging message to the Remote UE during the Remote UE’s ON duration of SL DRX depends on the Remote UE’s configuration. 




The Relay UE has to be provided with the Remote UE ID (e.g. 5G-S-TMSI) and the UE-specific Uu DRX cycle if configured to calculate the appropriate PO for the Remote UE. 
We need to check with SA3 whether there is any security issue in sharing the Remote UE ID with the Relay UE for paging purposes. Further details of the paging procedure can be discussed during WI phase. 
Observation 2.3.1: Relay UE has to monitor both RAN and CN paging occasions for Remote UEs including its own.  
3	Text proposal

	BEGIN – TEXT PROPOSAL


[bookmark: _Toc50024474][bookmark: _Hlk50062504]4.5.5.2	Paging
The Option 2 as studied in TR36.746 [7] for FeD2D paging is selected as the baseline paging relaying solution for L2 UE-to-Network relaying case (i.e. Relay UE monitors the Remote UE’s Paging Occasion(s) in addition to its own Paging Occasion(s).)
When the Remote UE has established a PC5 unicast relaying connection with the L2 Relay UE, it need not monitor its own paging occasions (for both RAN and CN paging) whether it is in-coverage or out-of-coverage. This may be configured by the network. The Relay UE would monitor multiple paging occasions including its own. The Relay UE has to determine the paging occasion of the Remote UE and then decode the paging message at this paging occasion and determine which Remote UE the paging is for. The Relay UE then needs to relay the Remote UE’s paging message over the PC5 interface. A diagram depicting this operation is shown in figure 4.5.5.2.1. The Relay UE has to be provided with the Remote UE ID (e.g. 5G-S-TMSI) and the UE-specific Uu DRX cycle, if configured to calculate the appropriate PO for the Remote UE.
	

Figure 4.5.5.2.1 Paging using L2 Relaying

Editor’s note: Whether the Relay UE sends the paging message to the Remote UE during the Remote UE’s ON duration of SL DRX depends on the Remote UE’s configuration. 



[bookmark: _GoBack]
	END – TEXT PROPOSAL



Proposal 3.1: Incorporate the text and diagram for paging support in the text proposal section onto TR 38.836. 

4	Conclusions
In this contribution, we provide our views on the open aspects for L2 UE-to-NW NR Sidelink relaying and have the following observations and proposals:
Observation 2.1.1: PC5 RLC channel is unique per PC5 unicast link and a given UE pair may have multiple PC5 unicast links. 
Observation 2.2.1.1: Multiple configuration options are possible for initial message Uu adaptation.
Observation 2.2.1.2: Remote UE’s first message to be relayed via the Relay UE may be user plane data in gNB-controlled path switch procedure. 
Observation 2.3.1: Relay UE has to monitor both RAN and CN paging occasions for Remote UEs including its own.  
Proposal 2.1.1: Discuss whether multiple PC5 unicast links from a given Remote UE towards the same Relay UE for L2 U2N relaying purpose is allowed.
Proposal 2.1.2: Support both 1:1 and N:1 mapping between Remote UE Uu bearer and PC5 RLC channel and further down-select during WI phase. 
Proposal 2.2.1.1: Agree that Remote UE’s first message to be relayed via the Relay UE includes the adaptation layer header information. FFS how the adaptation layer can be set up to relay the first RRC message considering all the options.
Proposal 2.2.2.1: Consider including the connection establishment figure 2.2.2.1 in TR 38.836.
Proposal 3.1: Incorporate the text and diagram for paging support in the text proposal section onto TR 38.836. 
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