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Introduction
In RAN#71 meeting, the SI named “Further Enhancements LTE Device to Device, UE to Network Relays for IoT and Wearables” was agreed. One of the objectives is to study and evaluate a generic Layer 2 evolved UE-to-Network Relay architecture, as follows [1]. 
	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.


In this paper, firstly the Layer 2 UE to network relay scenarios are discussed. And then, potential key issues to support Layer 2 UE to network relay are presented and briefly discussed.  Finally, a radio protocol stack for Layer 2 UE to network relay is given as an example. 
Discussion
Layer 2 UE to network relay scenarios 
 In our opinion, we should study the Layer 2 UE to network relay scenarios firstly. According to the [2], multiple options to route control plane (including dedicated signalling and broadcasting signalling) and user plane traffic have been introduced as shown in figure1.


     


Figure 1 Relay forwarding scheme
Then we will analyze these relay options from the aspects of wUE complexity, power efficiency and impacts on specifications, and list the analysis result in Table 1.
Table 1 Analysis on relay options
	Relay options
	Forwarding content
	Coverage scenario
	complexity of wUE
	power saving
	Impacts on specifications

	1
	No forwarding
	In coverage
	only one receiver chain is required 
	no
	No impact
baseline

	2
	Forwarding UL UP
	In coverage &Enhanced coverage
	only one receiver chain is required 
	The number of repetitions used to transmit UP can be reduced for enhanced coverage wUE.
Tx power used to transmit UP may be reduced for both in coverage & enhanced coverage wUE. 
	Has impact on UP procedure

	3
	Forwarding UL UP & UL CP
	In coverage &Enhanced coverage
	only one receiver chain is required 
	The number of repetitions used to transmit UP and CP can be reduced for enhanced coverage wUE.
Tx power used to transmit UP and CP may be reduced for both in coverage & enhanced coverage wUE 
	Has impact on UP &CP procedure, e.g. random access

	4
	Forwarding UL UP &DL UP
	In coverage &Enhanced coverage
	two receivers chain is required or it needs to be retuned between Sidelink and downlink subframes in case of FDD
	Similar to option2, In addition, the number of repetitions used to receive UP and CP can be reduced which is also beneficial for power saving for enhanced coverage wUE.
	Has impact on UP procedure

	5
	Forwarding all the UP and dedicated CP
	In coverage &Enhanced coverage
	two receivers chain is required or it needs to be retuned between Sidelink and downlink subframes in case of FDD
	Similar to option3. In addition, the number of repetitions used to receive UP and CP can be reduced which is also beneficial for power saving.

	Has impact on UP & dedicated CP
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	Forwarding all the UP and CP
	In coverage &Enhanced coverage &Out of coverage
	only one receiver chain is required
	Similar to option5

	Has impact on UP &CP procedure 



Based on the above analysis, we can draw some conclusions as below:
· From the perspective of power saving, the number of repetitions used to transmit UP and/or CP can be reduced for enhanced coverage wUE. Relay option 5 and 6 may have maximum power efficiency, followed by relay option 3, 4 and 2 for enhanced coverage wUE. Furthermore, if enhanced sidelink TPC is supported [3], Tx power used to transmit UP and/or CP may be reduced in relay option 2~6 for both in coverage and enhanced coverage wUE. 
· From the perspective of wUE complexity, relay option 1, 2, 3 and 6 are better than relay option 4 and 5.
· From the perspective of impacts on specifications, relay option 6 may require the biggest changes to the specifications, followed by option 5, 3, 2, 4 and 1.
· Only relay option 6 can support out of coverage wUE.
In a sum, only relay option 6 could support out of coverage wUE, so we think relay option 6 should be supported. Compared with relay option 4 and 5, relay option 2 and 3 requires less UE complexity. So the relay option 2 and 3 should be prioritized over relay option 4 and 5. 
Proposal 1: Relay option 6 (Forwarding all the UP and CP) should be support.
Proposal 2: Relay option 2 (Forwarding UL UP) and 3(Forwarding UL UP & UL CP) should be prioritized over relay option 4 and 5.
Radio protocol stack
In this section, we discuss the radio protocol stack for L2 UE to network relay.  In order to provide end to end security between the remote UE and the eNB and prevent eavesdropping by the relay UE, it is necessary to include the Uu PDCP sublayer in the remote UE’s packet. However, it is not clear whether the Uu RLC sublayer should be included in the remote UE’s packet. If it is included, the end to end ARQ between the remote UE and the eNB could be supported. Furthermore, in order to support the Layer 2 relaying functionality, relay adaptation sublayer should be designed. Figure 2 illustrates one potential radio protocol stack for the Layer 2 UE to network relay, where a new relay adaption layer is introduced to implement the L2 relay functionality. RAN2 is suggested to discuss the generic radio protocol stack of L2 UE-to-Network relay for both 3GPP and non-3GPP access.


Figure 2. radio protocol stack for L2 UE to network relay
Proposal 3: The Uu PDCP sublayer should be included in remote UE’s packet to provide end to end security between the remote UE and the eNB.
Proposal 4: The generic radio protocol stack for L2 UE-to-Network relay should be  designed for both 3GPP and non-3GPP access.
Key issues for feD2D L2 relay
According to the new feD2D SID [1], in Layer 2 evolved UE-to-Network Relay architecture, network is required to identify, address, and reach a evolved Remote UE via an evolved ProSe UE-to-Network Relay UE. As discussed in our contribution [4], in order to enable the required network control, the evolved remote UE should be served as a normal cellular UE and has its own EPS bearers and serving eNB/MME/SGW/PGW, which is different from the R13 Layer 3 UE-to-Network Relay architecture. Generally, the following key issues should be investigated and resolved for Layer 2 evolved UE-to-Network Relay. 
Issue 1. How does the remote UE or eNB determine whether to transmit remote UE’s data packets through L2 relay?
According to the feD2D SID [1], three coverage scenarios of remote UE should be studied including in coverage, enhanced coverage and out of coverage. As analyzed in section 2.1, there may be different L2 relaying requirement (e.g. CP and/or UP, UL and/or DL) for different scenarios. So the remote UE and the eNB should be aware of whether CP and/or UP data packets should be relayed, or whether UL and/or DL relaying is needed. Generally speaking, this could be negotiated between remote UE and eNB before the CP/UP relay. 
Furthermore, considering the downlink relaying, when the eNB receives the remote UE’s DL data packets from the SGW, the eNB need to deliver the remote UE’s packets to the relay UE for forwarding. As a result, the eNB should have the knowledge of the relay UE serving the remote UE.  
Observation 1. The remote UE or eNB shall be able to determine whether to transmit remote UE’s data packets through L2 relay. 
Issue 2. What enhancements are needed in the remote UE to support the L2 relay?
For UL relay is enabled, the remote UE shall transmit the packets to the connected relay UE via PC5 interface. After Uu radio protocol encapsulation, the remote UE shall associate packets to a PC5 bearer. There may be one-to-one or n-to-one mapping between Uu radio bearer and the PC5 bearer. The detailed mapping rules should be further studied. 
Observation 2: In the uplink, the remote UE shall associate packets which need to be relayed to a PC5 bearer and send to the relay UE. 
On the other side, it is necessary for the remote UE to include the assistance information in each packet, such as remote UE identity and its relevant bearer info. In this way, upon receiving the packet for remote UE from relay, the eNB could associate the received packet to corresponding remote UE’s EPS bearer. 
Observation 3: In the uplink, the remote UE may need to include the assistance information in each packet, such as remote UE identity and its relevant bearer info.
For DL traffics, when the remote UE receives the relayed packet via PC5, the remote UE shall associate the packet to the its EPS bearer and then continue the subsequent Uu radio protocol process. As a result, the remote UE shall be able to differentiate the relayed data packets from non-relayed data packets when the remote UE receives data packets. In our view, new SDU type could be defined to indicate whether the received SDU is relayed by relay UE. 
Observation 4: In the downlink, the remote UE shall be able to differentiate the relayed data packets from non-relayed data packets and associate the packet to the correct radio bearer it belongs to.
Issue 3. What enhancements are needed in the relay UE to support the L2 relay?
Firstly, when the relay UE receives data packets, it should be able to differentiate the relayed data packets from non-relayed data packets. For example, when the relay UE receives a data packet from a remote UE/eNB, it has to know whether to terminate the data packet or relay it to the eNB/corresponding remote UE. New SDU type could be defined to indicate whether the received SDU shall be relayed by relay UE.
Secondly, as analyzed in our contribution [4], the relay UE performs L2 relaying between remote UE and the eNB. Figure 3 illustrates the user plane packet delivery for L2 evolved UE-to-Network Relay. For example, for the UL traffics, when the relay UE receives data packets from a remote UE, it has to perform the bearer mapping from a PC5 bearer to a Uu bearer. Since the total number of the relay UE’s Uu radio bearer is limited and a relay UE may serve a number of remote UEs simultaneously, multiple PC5 bearers of one remote UE or multiple PC5 bearers of different remote UEs may be mapped to the same Uu bearer. Since a PPPP value is associated with a PC5 logical channel and a QCI value is associated with a EPS bearer, the relay UE may perform the bearer mapping based on PPPP - QCI relation in the uplink or QCI-PPPP relation in the downlink which is configured in the relay UE. 
Observation 5: The relay UE shall be able to differentiate the relayed data packets from non-relayed data packets and perform the bearer mapping between PC5 bearer and Uu bearer.


Figure 3 User plane packet delivery for L2 evolved UE-to-Network Relay
Issue 4. What enhancements are needed in the eNB to support the L2 relay?
In the uplink, when the eNB receives data packets, it also needs be able to differentiate the relayed data packets from non-relayed data packets. Dedicated Uu bearer could be established for the L2 relay or new SDU type could be defined to indicate whether the received SDU is relayed by relay UE. And then, the eNB should be able to associate the relayed packet to the corresponding remote UE’s Uu bearer. For doing so, the data packet may carry the remote UE identity and its relevant bearer info. 
In the downlink, the eNB should map the remote UE’s packet to a relay UE’s Uu bearer. The eNB shall be aware of the relay UE which the remote UE connects to and then indicates the remote UE identity and the remote UE’s Uu bearer identity when sending the remote UE’s packets to the relay UE.  
Observation 6: In the uplink, the eNB needs be able to differentiate the relayed data packets from non-relayed data packets and needs to associate the relayed packet to the corresponding remote UE’s Uu bearer.
Observation 7: In the downlink, the eNB needs to map the remote UE’s packet to a relay UE’s Uu bearer and indicate the remote UE identity and Uu bearer identity when sending the remote UE’s packets to the relay UE.
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In this contribution, we firstly discussed the Layer 2 UE to network relay scenarios. And then, potential key issues to support Layer 2 UE to network relay are presented and briefly discussed.  In the last, a radio protocol stack for Layer 2 UE to network relay was given as an example. And we have the following observations and proposals:
Proposal 1: Relay option 6 (Forwarding all the UP and CP) should be support.
Proposal 2: Relay option 2 (Forwarding UL UP) and 3(Forwarding UL UP & UL CP) should be prioritized over relay option 4 and 5.
Proposal 3: The Uu PDCP sublayer should be included in remote UE’s packet to provide end to end security between the remote UE and the eNB.
Proposal 4: The generic radio protocol stack for L2 UE-to-Network relay should be  designed for both 3GPP and non-3GPP access.
Observation 1. The remote UE or eNB shall be able to determine whether to transmit remote UE’s data packets through L2 relay. 
Observation 2: In the uplink, the remote UE shall associate packets which need to be relayed to a PC5 bearer and send to the relay UE. 
Observation 3: In the uplink, the remote UE may need to include the assistance information in each packet, such as remote UE identity and its relevant bearer info.
Observation 4: In the downlink, the remote UE shall be able to differentiate the relayed data packets from non-relayed data packets and associate the packet to the correct radio bearer it belongs to.
Observation 5: The relay UE shall be able to differentiate the relayed data packets from non-relayed data packets and perform the bearer mapping between PC5 bearer and Uu bearer.
Observation 6: In the uplink, the eNB needs be able to differentiate the relayed data packets from non-relayed data packets and needs to associate the relayed packet to the corresponding remote UE’s Uu bearer.
Observation 7: In the downlink, the eNB needs to map the remote UE’s packet to a relay UE’s Uu bearer and indicate the remote UE identity and Uu bearer identity when sending the remote UE’s packets to the relay UE.
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