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Introduction
The WID [1] for FeD2D includes the following objective:
	1. Study and evaluate a generic Layer 2 evolved UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a evolved Remote UE via an evolved ProSe UE-to-Network Relay UE. [RAN2]
a. Study the possibility of  a common solution supporting the following use cases:[RAN2]
i. UE to network relaying over non-3GPP access (Bluetooth/WiFi). 
ii. UE to network relaying over LTE sidelink. 
iii. Unidirectional and bidirectional UE to network relay.
b. Investigate potential impacts to protocol stack, procedure and signalling mechanisms, such as authorization, connection setup, UE mobility, parameter configuration and security, allowing multiple evolved Remote UEs via an evolved ProSe UE-to-Network Relay UE.[RAN2] 
c. Study path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity and QoS [RAN2, RAN3]. 



During RAN2#95 it was also agreed that:
 (
=>
RAN2 will initially focus on bidirectional relay design, but should consider impact of the design in unidirectional
=>
RAN2 should study relay design support for both CP and UP.
)
Therefore, in this document we will focus on the bi-directional user plane aspects. The CP aspects are treated in our contribution [2].
[bookmark: _Ref178064866]Discussion
For Layer 2 evolved UE-to-Network Relay, the following figure is an attempt to illustrate a reference architecture.


Figure 1: Reference architecture for Layer 2 evolved UE-to-Network Relay
Assumptions:
1.	The Evolved ProSe UE-to-Network Relay (“Relay UE”) is inside coverage.
2.	The Evolved ProSe Remote UE (“Remote UE”) may be inside coverage, in coverage extension or outside coverage.
3.	Both the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay have the same serving PLMN.
4.	As stated in the WID, a given Evolved ProSe UE-to-Network Relay can be used simultaneously as relay by multiple Evolved ProSe Remote UEs. Any specification limit for the number of Evolved ProSe Remote UEs simultaneously connected to an Evolved ProSe UE-to-Network Relay is FFS.
5.	The Evolved ProSe Remote UE may keep the RRC connection to E-UTRAN as long as in coverage, while simultaneously being connected via an Evolved ProSe UE-to-Network Relay. When the Evolved ProSe Remote UE is outside coverage, but is connected to E-UTRAN via an Evolved ProSe UE-to-Network Relay, we assume that it also has a context in E-UTRAN. How this context relates to e.g. the RRC connection is covered in our contribution [3].
6.	Therefore, for IF2, we have two main cases:
a.	IF2a: The LTE-Uu reference point, for the connection directly with E-UTRAN (here eMTC variants of LTE-Uu is also possible)
b.	IF2b: A reference point used for any control or user plane information exchanged between the Evolved ProSe Remote UE and E-UTRAN via the Evolved ProSe UE-to-Network Relay (and typically transparent for the Evolved ProSe UE-to-Network Relay).
7.	As stated as part of the objectives in the WID [1], the relaying interface IF3 is either (evolved) LTE sidelink or a non-3GPP technology such as WiFi or Bluetooth.
[bookmark: _Toc454969623][bookmark: _Toc458002356][bookmark: _Toc458153911][bookmark: _Toc458588696][bookmark: _Toc458679368][bookmark: _Toc458683975][bookmark: _Toc458760819][bookmark: _Toc461524724][bookmark: _Toc461723425][bookmark: _Toc462844531][bookmark: _Toc463016744][bookmark: _Toc463016762][bookmark: _Toc463016769][bookmark: _Toc465866232]RAN2 should define a reference architecture for Layer 2 evolved UE-to-Network Relay.
Since the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay are in proximity, they may in many cases have the same serving eNB. If they are connected to different eNBs we need to investigate how to forward the traffic over X2 between the involved eNBs. To avoid this one of the UEs can also be handed over to the eNB of the other UE. Although we think that the relaying solution should not assume that the two UEs are connected to the same eNB, we are fine with making an initial assumption that they are, and down-prioritize the case when the two UEs are connected to different eNBs for now. Moreover, as today, which cells that are controlled by which eNBs is not visible over the LTE-Uu radio interface. This is a principle we think should remain. We therefore propose:
[bookmark: _Toc462844532][bookmark: _Toc463016745][bookmark: _Toc463016763][bookmark: _Toc463016770][bookmark: _Toc465866233][bookmark: _Toc454969624][bookmark: _Toc458002357][bookmark: _Toc458153912][bookmark: _Toc458588697][bookmark: _Toc458679369][bookmark: _Toc458683976][bookmark: _Toc458760820][bookmark: _Toc461524725][bookmark: _Toc461723426]RAN2 may initially assume that the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay are connected to the same eNB. Which extensions are needed to support a case where the UEs are connected to different eNBs is FFS.
[bookmark: _Toc462844529][bookmark: _Toc465866237]It is beneficial if the radio protocols to support Layer 2 evolved UE-to-Network Relay do not assume that Evolved ProSe Remote UE and Evolved ProSe UE-to-Network Relay are served by different eNBs.
User plane EPS bearer mapping for layer 2 relaying
When the user plane is switched from the direct 3GPP link to the indirect 3GPP link, the data bearers of the evolved Remote UE need to be mapped on the data bearers of the evolved Relay UE.
As the layer 2 evolved ProSe UE-to-Network relaying solution will consider solutions where the evolved Remote UE and the evolved Relay UE are served by different UEs, there are multiple options for how to map the EPS bearers for the Remote UE. However, for simplicity, we initially assume that both UEs are served by the same eNB and it is FFS what extensions are needed to allow different serving eNBs.
As can be seen in Figure 2, the EPS bearer of the Remote UE are mapped onto the transport channel of the Relay UE. 

[bookmark: _Ref461524741]Figure 2: Switching of EPS UP bearers in the SGW
In order to transport the evolved Remote UE EPS bearers via the evolved Relay UE, it is necessary to encapsulate the packets within a bearer between the evolved Relay UE and its eNB. Figure 3 illustrates a user plane reference protocol architecture for the SGW switching of the UP bearers.

[bookmark: _Ref461537656]Figure 3: User plane reference protocol architecture for EPC switched bearers
The UP PDCP layer of the evolved Remote UE terminates in the same eNB as the evolved Relay UE where it is transported via S1-U to EPC. This PDCP layer will provide encryption for the evolved Remote UE UP traffic. 
[bookmark: _Toc454969625][bookmark: _Toc458002358][bookmark: _Toc458153913][bookmark: _Toc458588698][bookmark: _Toc458679370][bookmark: _Toc458683977][bookmark: _Toc458760821][bookmark: _Toc461524726][bookmark: _Toc461723427][bookmark: _Toc462844533][bookmark: _Toc463016746][bookmark: _Toc463016764][bookmark: _Toc463016771][bookmark: _Toc465866234]RAN2 should define a user plane reference protocol architecture for Layer 2 evolved UE-to-Network Relay
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In the sections below we try to identify the services and functions for each new protocol layer (Relay Adaptation Layer and the IF3 Adaptation Layer respectively).
Services and functions of the Relay Adaptation Layer
In order to forward the packets from the evolved Relay UE to the evolved Remote UE, a new adaptation layer is needed in the eNB and the evolved Relay UE which maps the evolved Remote UEs PDCP PDUs to the correct evolved Remote UE and to the correct DRB of the evolved Relay UE. This is denoted as “Relay Adaptation” in Figure 3. For instance, the evolved Remote UE may have different QoS requirements on different traffic which would be mapped to different DRBs of the evolved Relay UE. The required additional PDU headers of the Relay Adaptation Layer is illustrated in Figure 4.

Figure 4: Example of Relay Adaptation layer PDU
The Remote UE ID field uniquely identifies the Remote UE among all the Remote UEs connected to the Relay UE, hence one octet should be more than enough. The Bearer ID field uniquely identifies a bearer of a certain Remote UE among all the bearers of that Remote UE. An octet should be more than enough also in this case. In fact, if the number of Remote UEs connected to a Relay UE is limited to 16, these two fields can be signalled in one octet as the number of bearers should not be more than 10. These Relay Adaptation Layer PDUs would then be transmitted over LTE-Uu to the evolved Relay UE where the Relay Adaptation Layer would distribute them to the D2D Adaptation layer corresponding to the correct Remote UE. This D2D Adaptation Layer could either be e.g. PDCP for 3GPP PC5 sidelink communication or a relevant counterpart in the case of non-3GPP (WLAN or Bluetooth). When the D2D Adaptation layer in the evolved Remote UE receives the packets it forwards it to the PDCP layer in the Remote UE which handles decryption and in-order delivery 
The Relay Adaptation Layer in the serving eNB of the evolved Relay UE provides a mapping/multiplexing of upper layer PDUs from the upper (PDCP) layer in the serving eNB of the evolved Remote UE onto the DRBs (and lower layers) of the evolved Relay UE. In the evolved Relay UE, the Relay Adaptation Layer performs de-multiplexing and distributes the PDUs to the proper evolved Remote UE.
As the UP traffic for the evolved Remote UE already are encrypted by the higher (PDCP) layer, there is no need for additional encryption at the Relay Adaptation Layer.
Services and functions of the IF3 Adaptation Layer
The IF3 Adaptation Layer provides a data transfer service of relayed user data between the evolved Remote UE and the evolved Relay UE, to upper layers.
The IF3 Adaptation Layer needs to support the following functions:
-	Mapping/multiplexing of upper layer PDUs on IF3 lower layers. For example, a “bearer ID” may be included as part of an IF3 Adaptation Layer header. This is very similar to the Relay Adaptation layer.
Since IF3 may use different radio access technologies (LTE sidelink, WiFi, Bluetooth), the design of the IF3 Adaptation Layer needs to consider this. Which lower layer technology that is used on IF3 should typically be transparent for the IF3 Adaptation Layer.
[bookmark: _Toc458679367][bookmark: _Toc458679401][bookmark: _Toc458683984][bookmark: _Toc458760828][bookmark: _Toc461524720][bookmark: _Toc461723421][bookmark: _Toc462844530][bookmark: _Toc465866238][bookmark: _Toc458588695]The IF3 Adaptation Layer needs to be designed to support different lower layers on IF3, at least LTE sidelink and non-3GPP such as WiFi and Bluetooth. 
User plane relay functions performed by the evolved Relay UE
The evolved ProSe UE-to-Network Relay provides a relaying function, e.g. using information in the Relay adaptation layer and IF3 Adaptation layer PDUs (such as a “bearer ID”). 
-	For data originating from the evolved Remote UE, the evolved Relay UE maps the IF3 Adaptation SDUs onto SDUs provided onto the Relay Adaptation Layer. 
It can be noted that as it is not supported to setup bearers from one Remote UE to another Remote UE via their common Relay UE, there is no need to have any advanced routing function in the Relay UE which would route PDUs from one Remote UE to another Remote UE.
[bookmark: _Toc463016748][bookmark: _Toc463016773][bookmark: _Toc465866236]RAN2 to capture the text in section 2 in the TR.
[bookmark: _Toc461524721][bookmark: _Toc461723422]Conclusion
In section 2 we made the following observations:
Observation 1	It is beneficial if the radio protocols to support Layer 2 evolved UE-to-Network Relay do not assume that Evolved ProSe Remote UE and Evolved ProSe UE-to-Network Relay are served by different eNBs.
Observation 2	The IF3 Adaptation Layer needs to be designed to support different lower layers on IF3, at least LTE sidelink and non-3GPP such as WiFi and Bluetooth.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should define a reference architecture for Layer 2 evolved UE-to-Network Relay.
Proposal 2	RAN2 may initially assume that the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay are connected to the same eNB. Which extensions are needed to support a case where the UEs are connected to different eNBs is FFS.
Proposal 3	RAN2 should define a user plane reference protocol architecture for Layer 2 evolved UE-to-Network Relay
Proposal 4	RAN2 should identify the functions of each protocol layer in the user plane reference protocol architecture for Layer 2 evolved UE-to-Network Relay
Proposal 5	RAN2 to capture the text in section 2 in the TR.
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