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1   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, the potential coverage scenarios and UE RRC state are discussed. The design considerations for L2 evolved UE-to-Network relay architecture is discussed and a tentative L2 evolved UE-to-Network relay architecture is presented.
2   Discussion
2.1   Evolved UE-to-Network Relay scenarios
2.1.1   Coverage scenario
According to the feD2D SI [1], three coverage scenarios of evolved remote UE as shown in Figure 1 shall be studied as follows:
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Figure 1 Different coverage scenarios for evolved remote UE
· In coverage: evolved Remote UE and evolved Relay UE are EUTRAN in-coverage. In this case, the evolved Remote UE could directly receive the system information and maintain the Uu connection with eNB as well as the PC5 connection with evolved Relay UE simultaneously as shown in Figure 1(a). The evolved Remote UE may select evolved Relay UE and transfer its UP and/or CP traffic via evolved Relay to the eNB. Since the eNB needs to associate the UP/CP data forwarded by evolved relay with evolved remote UE’s context, it is suggested that the evolved remote UE and relay UE be served by the same cell or at least by the same eNB for the sake of simplicity. Otherwise, the inter-eNB UP and/or CP traffic delivery should be considered to support the evolved Remote UE’s traffic delivery via relay.
· Enhanced coverage: evolved Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IOT or Rel-13 MTC in CE mode). Similar to the in coverage scenario, the evolved remote UE in enhanced coverage could maintain the Uu connection with eNB and the PC5 connection with evolved relay UE simultaneously. The evolved remote UE’s UP/CP traffic forwarding by evolved Relay UE could greatly reduce the number of data transmission repetitions. It should be noted that the NB-IoT device and R13 MTC device are bandwidth reduced low complexity device, which generally served by the cell capable of BL operation. Therefore, the evolved remote UE and the evolved relay UE may be served by different cells as shown in Figure 2(b). However, it is still suggested that the evolved remote UE and evolved relay UE be served by the same eNB.
· Out of coverage: evolved Relay UE is in EUTRAN coverage and evolved Remote UE is out of coverage of EUTRAN. In this case, the evolved remote UE could only connect to the network via evolved relay UE. Although the evolved remote UE could not directly communicate with eNB, it is assumed that evolved Remote UEs can support WAN connection and have 3GPP subscription credentials [1]. Therefore, it is natural to consider that the evolved remote UE may initiate NAS and AS signalling to setup the RRC connection with eNB and attach to the core networks by the aid of CP signalling relay forwarding. In this case, the evolved remote UE shares the same serving cell with its connected evolved relay UE. Since the evolved remote UE could not directly receive the system information from its serving cell, it is necessary for the evolved relay UE to forward essential system information to evolved remote UE so that the evolved remote UE could perform the PLMN selection and cell selection procedure. 
Observation 1: For the in coverage and enhanced coverage scenario, the evolved remote UE could directly receive the system information from eNB and maintains the Uu connection to the network.
Proposal 1: For the in coverage and enhanced coverage scenario, it is suggested that the evolved remote UE and relay UE be served by the same cell or at least by the same eNB for the sake of simplicity.
Proposal 2: For the out of coverage scenario, it may be necessary for the evolved relay UE to forward essential system information so that the evolved remote UE could perform the PLMN selection and cell selection procedure. 
2.1.2   Possible RRC states
According to the legacy specification, the UE becomes RRC_CONNECTED when it setups the RRC connection with the eNB. However, if the eNB detects no WAN user plane packets are exchanged between the UE and network for a certain period of time (i.e. user inactivity timer), the eNB may request to release the S1 and RRC connection in order to optimize the radio resources. In this case, the UE transits to RRC_IDLE state. Later when the mobile terminated (MT) traffic for the RRC_IDLE UE arrives to the PGW/SGW, the MME shall trigger the eNB to page the RRC_IDLE UE and the UE may connect to the network again to receive the DL data packet. In this section, we will discuss the possible RRC states of evolved remote UE and evolved relay UE and its potential RAN2 impact.

· Evolved remote UE
Based on the current specification, the RRC state of evolved remote UE is based on its traffic status. For the in coverage and enhanced coverage scenario, the RRC_IDLE evolved remote UE can directly receive the paging message from eNB so it could support the MT traffic reception. Meanwhile, for the RRC_IDLE evolved remote UE, it is not necessary to maintain the PC5 connection with relay since no CP/UP traffic needs to be forwarded at by the relay. That is, the RRC_IDLE evolved remote UE may release its PC5 connection with evolved relay UE.
On the other hand, for the out of coverage evolved remote UE, it is questionable if the RRC_IDLE state should be supported. As we know, the out of coverage evolved remote UE can not receive the paging from eNB directly. Thus it is hard to support the MT traffic in RRC_IDLE state. One possible solution is to keep the out of coverage evolved remote UE in RRC_CONNECTED state. This means the eNB shall not release of the RRC connection for out of coverage remote UE unless explicitly requested by the remote UE. In this case, whenever MT traffic arrives, it can be delivered to the RRC_CONNECTED evolved remote UE without paging. However, suppose the evolved remote UE only transmits/receives occasionally, this leads to unnecessary occupation of signalling and data transport resources for both eNB and core network. On the other hand, if we allow the RRC_IDLE state for out of coverage evolved remote UE, it is necessary to support the paging forwarding by evolved relay UE. However, it is impractical for the evolved relay UE to monitor all the paging messages broadcast by eNB and then forward via PC5. Some optimizations should be considered to reduce the amount of relayed paging message. For example, the out of coverage evolved remote UE could be required to keep the PC5 connection with evolved relay even when it is in RRC_IDLE state and then the evolved relay UE could only monitor and forward the paging of its connected evolved remote UEs. 
Proposal 3: For the in coverage and enhanced coverage scenario, the evolved remote UE could receive the paging directly from eNB.  Both RRC_CONNECTED and RRC_IDLE state could be supported for evolved remote UE. 
Proposal 4: For the out of coverage scenario, the RRC_IDLE state could be supported for evolved remote UE only if the relay is enhanced to support paging forwarding. 
· Evolved relay UE
In R13, it is specified that ProSe UE-to-Network Relay performing sidelink communication for ProSe UE-to-Network Relay operation has to be in RRC_CONNECTED. But the ProSe UE-to-Network relay could be in RRC_IDLE and RRC_CONNECTED when performing relay discovery. When it comes to the evolved relay, it should also be in RRC_CONNECTED when it performs the UP and or CP forwarding between RRC_CONNECTED remote UE and network as shown in Table 1. In addition, when the evolved relay UE is in RRC_CONNECTED, the evolved remote UE may be in RRC_IDLE. For example, the RRC_IDLE evolved remote UE may perform the relay discovery, relay selection and PC5 connection setup procedure with evolved relay UE. But no data traffic to/from revolved remote UE needs to be forwarded by the evolved relay UE since the evolved remote UE is in RRC_IDLE. 
On the other hand, the evolved relay UE could also be in RRC_IDLE state. This happens only when all the connected evolved remote UEs become RRC_IDLE. Suppose one of the connected evolved remote UE is still in RRC_CONNECTED, the evolved relay needs to forward the CP and/or UP traffic for the evolved remote UE. In that case, the evolved relay UE has no chance to become RRC_IDLE. The last case for RRC state combination is RRC_CONNECTED evolved remote UE with RRC_IDLE relay UE.  It is an impossible case since the evolved relay UE has to enter RRC_CONNECTED state so as to forward the traffic from RRC_CONNECTED evolved remote UE as shown in Table 1. 
Table 1 RRC state combination of evolved remote UE and relay UE
	State
	Evolved Remote UE RRC_CONNECTED
	Evolved Remote UE RRC_IDLE

	Evolved Relay UE RRC_CONNECTED
	The most common case, this happens when evolved relay performs the UP and/or CP forwarding between evolved remote UE and network. 
	This happens when the RRC_IDLE evolved remote UE discover/select/setup connection with the evolved relay UE but no data traffic to/from evolved remote UE should be relayed.

	Evolved Relay UE RRC_IDLE
	N/A
	This happens when all the connected evolved remote UEs become RRC_IDLE.


Proposal 5: Both RRC_CONNECTED and RRC_IDLE state could be supported for evolved relay UE. And the evolved relay UE could be in RRC_IDLE state only if all its connected remote UEs become RRC_IDLE.
2.2   Architecture design for the evolved UE-to-Network relay
In R13, the UE-to-network Relay is designed to support connectivity to the network for Remote UE [3]. The UE-to-Network Relay supports L3 relay of unicast or multicast traffic (UL and DL) between the Remote UE and the network. The IP address of the remote UE is assigned by the UE-to-Network Relay. Dedicated PDN connection is provided to support the UE-to-Network Relay connectivity. The user packets of remote UE is delivered through the EPS bearer of relay UE.
When it comes to the IoT and wearable devices, there are a lot of new requirements. According to feD2D SI [1], we need to study a generic Layer 2 evolved UE-to-Network Relay architecture, including methods for the network to identify, address, and reach an evolved Remote UE via an evolved ProSe UE-to-Network Relay UE. It means that the MME should not only be aware of the remote UE’s existence, but also further perform the authentication and authorization for evolved remote UE. Meanwhile, other MME functions, such as PGW and SGW selection, bearer management, UE reachability are expected to be supported. In a word, the design objective for evolved remote UE is that the core network could serve the remote UE as normal cellular UEs. In addition, according to the charging requirement in [3], the Core network should be able to know whether the remote UE connects to the network through a relay and whether E-UTRA or WLAN is involved for the indirect 3GPP communication. In order to achieve the above objectives, the architecture for evolved UE-to-Network Relay should be reconsidered. 
Proposal 6: Compared with R13 UE-to-Network Relay, R14 feD2D should support the remote UE’s authentication and authorization, PGW and SGW selection, bearer management, UE reachability, etc. In addition, the Core network should know whether the remote UE connects to the network through a relay and whether E-UTRA or WLAN is involved for the indirect 3GPP communication. 
Figure 2 presents a potential L2 evolved UE-to-Network relay architecture. In order to achieve the aforementioned network control, it is suggested that the evolved remote UE support the WAN NAS and AS signaling processing capability even if it connects to the network through PC5 relay or non-3GPP relay. For the in coverage and enhanced coverage evolved remote UE, it may directly setup the RRC connection with eNB and then attach to the core network. For the out of coverage evolved remote UE, the NAS/AS signaling for RRC connection setup and network attach could be forwarded by the evolved relay UE. As we can see from Figure 2, suppose the evolved remote UE’s CP signaling is forwarded by evolved relay UE, upon receiving the evolved remote UE’s AS signaling from evolved relay UE, the eNB should be able to associate it with the relevant evolved remote UE and then deliver it to the RRC layer of evolved remote UE. It requires the eNB be aware that the evolved remote UE is connected via an evolved relay UE and store the association between evolved remote UE and evolved relay UE in advance. In addition, eNB should select the MME and SGW for evolved remote UE. The S1 signaling for evolved remote UE should be delivered directly to the evolved remote UE’s MME through the S1-MME interface.
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Figure 2 Architecture for L2 evolved UE-to-Network Relay 
On the other hand, suppose the evolved remote UE’s UP packets are also forwarded by relay, it is suggested that the evolved remote UE setups a set of EPS bearers by itself. Taking the UL UP forwarding for example, when the eNB receives the evolved remote UE’s data packet from evolved relay, the eNB should be able to associate it with the relevant evolved remote UE and the corresponding EPS bearer of evolved remote UE. Then, the UP packets of evolved remote UE are delivered via the remote UE’s SGW/PGW as shown in Figure 2. 
To be specific, the remote UE may map the data packets of its Uu DRB to remote UE’s PC5 bearer with relay as shown in Figure 3. For non-3GPP relay, remote UE maps the data packets of its Uu DRB to the WLAN/BT connections. Upon receiving the packets from remote UE, the relay maps the data packet to Relay’s Uu DRB and transmits it to eNB. The eNB should be able to identify that the packet is from remote UE and associates the received packet with remote UE’s Uu DRB and delivers it to this DRB’s PDCP/RLC Rx entity. Finally, this data packet is delivered to the remote UE’s SGW/PGW through the corresponding S1&S5 bearer of remote UE. In this way, the L2 evolved UT-to-Network relay could be realized.
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Figure 3 User plane packet delivery for L2 evolved UE-to-Network Relay
Proposal 7: It is suggested that the evolved remote UE support the WAN NAS and AS signaling processing capability, setup the RRC connection with eNB and attach to the core network even if it connects to the network through PC5 relay or non-3GPP relay.
Proposal 8: eNB should be aware that the evolved remote UE is connected via an evolved relay UE and store the association between evolved remote UE and evolved relay UE.
Proposal 9: It is suggested that the evolved remote UE setup and maintain a set of EPS bearers. Each data packet from evolved remote UE is corresponding to an EPS bearer of evolved remote UE. The data packet from evolved remote UE could be mapped to evolved remote UE’s PC5/WAN bearer and relay’s Uu radio bearer. And finally, it is delivered to the remote UE’s SGW/PGW through the S1&S5 bearer of remote UE.
3   Conclusion
In this paper, the potential connectivity scenarios and RRC state were discussed. The design consideration for L2 evolved UE-to-Network relay architecture was discussed and a tentative L2 evolved UE-to-Network relay architecture was presented. And we have the following observations and proposals:
Observation 1: For the in coverage and enhanced coverage scenario, the evolved remote UE could directly receive the system information from eNB and maintains the Uu connection to the network.
Proposal 1: For the in coverage and enhanced coverage scenario, it is suggested that the evolved remote UE and relay UE be served by the same cell or at least by the same eNB for the sake of simplicity.
Proposal 2: For the out of coverage scenario, it may be necessary for the evolved relay UE to forward essential system information so that the evolved remote UE could perform the PLMN selection and cell selection procedure. 
Proposal 3: For the in coverage and enhanced coverage scenario, the evolved remote UE could receive the paging directly from eNB.  Both RRC_CONNECTED and RRC_IDLE state could be supported for evolved remote UE. 
Proposal 4: For the out of coverage scenario, the RRC_IDLE state could be supported for evolved remote UE only if the relay is enhanced to support paging forwarding. 
Proposal 5: Both RRC_CONNECTED and RRC_IDLE state could be supported for evolved relay UE. And the evolved relay UE could be in RRC_IDLE state only if all its connected remote UEs become RRC_IDLE.
Proposal 6: Compared with R13 UE-to-Network Relay, R14 feD2D should support the remote UE’s authentication and authorization, PGW and SGW selection, bearer management, UE reachability, etc. In addition, the Core network should know whether the remote UE connects to the network through a relay and whether E-UTRA or WLAN is involved for the indirect 3GPP communication. 
Proposal 7: It is suggested that the evolved remote UE support the WAN NAS and AS signaling processing capability, setup the RRC connection with eNB and attach to the core network even if it connects to the network through PC5 relay or non-3GPP relay.
Proposal 8: eNB should be aware that the evolved remote UE is connected via an evolved relay UE and store the association between evolved remote UE and evolved relay UE.
Proposal 9: It is suggested that the evolved remote UE setup and maintain a set of EPS bearers. Each data packet from evolved remote UE is corresponding to an EPS bearer of evolved remote UE. The data packet from evolved remote UE could be mapped to evolved remote UE’s PC5/WAN bearer and relay’s Uu radio bearer. And finally, it is delivered to the remote UE’s SGW/PGW through the S1&S5 bearer of remote UE.
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