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Discussion and Decision
1 Introduction
Enhancements to D2D communication to enable the support of L3-based UE-to-Network Relays is identified as an objective of the current Rel13 WI on enhancements to ProSe [1].  In UE-to-Network relays, a D2D enabled UE that is in coverage of an eNB (the relay UE) will allow another D2D enabled UE which is out of coverage (the remote UE) to communicate with the network by relaying traffic normally carried over the Uu interface over the PC5 interface instead.   
In this contribution, we discuss the impact of UE-to-Network relays in RAN2 for the use cases identified by SA2.  In particular, we investigate what type of knowledge would be required of the remote UE by the eNB and potentially other core network entities such as the MME.   
2 Discussion
2.1 SA2 Relay Use Cases 

The architectural aspects of UE-to-Network relays has been studied in SA2.  In particular, SA2 has identified three distinct use cases for UE-to-Network Relays [2]: 

1) Unicast relaying, 

2) eMBMS relay support and 
3) Support of ECGI announcement.   

In the case of unicast relaying, the ProSe UE-to-Network relay is used to support the relaying of unicast traffic between a remote UE and the network.  In the case of eMBMS relay support, the relay UE will relay eMBMS traffic related to a specific TMGI to a remote UE following request by the remote UE to receive the traffic associated with that TMGI.  Finally, in the case of support for ECGI announcement, the remote UE can be informed of the ECGI of the serving cell which serves its relay, which can be used for dynamic activation of eMBMS in a cell when multiple remote UEs behind the relay are receiving the same content.
2.2 Realizing Use Cases for UE-to-Network Relays
In examining the UE-to-Network relay use cases discussed in SA2, it can be noted that none of them involve UE-terminated behaviour.  Both eMBMS relaying and ECGI announcement are initiated by the UE (through appropriate request mechanism).  Unicast relaying is achieved through the establishment of a one-to-one communication link between the remote UE and the relay UE for the purpose of connecting to the relay.  All use cases are triggered by the application layer in the remote UE itself, and never by the core network or the eNB.  At this point, there seems to be no need for the support of paging or similar network initiated procedures.   
Observation 1: The use cases currently envisioned for UE-to-Network relays in SA2 do not require paging to be supported.
Unicast Relaying Use Case
The unicast relaying use case consists of the following main steps [2]:

1. The relay UE first attaches to the network and requests PDN connectivity

2. Relay discovery (Model A or Model B) is performed by the remote UE to determine the available relay UEs that can serve in the unicast traffic relaying

3. A one-to-one communication is established between the remote UE and the relay UE using the PC5 signalling protocol (over D2D communications)

4. An IP address (IPv4 or IPv6) is assigned to the remote UE by the relay UE  
It can be observed that in each of the above steps the presence of the remote UE can be transparent to the eNB and the MME.  More specifically, relay discovery occurs over PC5 signalling and involves only the application layers at the remote and relay UEs (as well as the ProSe function).  In the connection establishment step, while the EPC may be involved for authorization, such authorization can be achieved by the ProSe function communicating directly with the HSS [3].  IP address assignment is performed by the relay UE with the help of the PGW/DHCP Server.  And finally, once the L3 unicast relay link is established, from the eNB perspective, all communication in unicast relaying is terminated and addressed to the relay UE.  Here, only the relay UE (that acts as the L3 router) knows of the presence of the remote UE.
Observation 2: Knowledge of the presence of the remote UE in the eNB and MME is not required for unicast relaying.
eMBMS Traffic Relaying
For eMBMS traffic relaying, the remote UE first obtains the TMGI through communication with the group communication application over the unicast communication link.  Once the relevant TMGI is obtained by the remote UE, the remote UE will request the forwarding of eMBMS traffic from the relay UE.  At this point, the relay UE will start listening to eMBMS traffic sent by the eNB and associated with the requested TMGI.  When the eMBMS traffic is received by the relay UE, the relay UE will transmit the eMBMS traffic over the PC5 interface using D2D communication, addressing the remote UE using the ProSe L2 ID determined by the relay and sent to the remote UE in response to the TMGI monitoring request. 

Observation 3: For eMBMS traffic relaying, both the eNB and MME are unaware of the presence of the remote UE.
ECGI Announcement
For EGCI announcement, the ECGI is transmitted to the remote UE using a Cell ID announcement procedure defined in [2] which involves application layer signalling and does not involve the eNB.  In addition, dynamic activation of eMBMS is done by the group communication application.  As a result, this application is the only entity that is aware of the presence of the remote UE behind the relay, and enables eMBMS in the scenario where multiple remote UEs behind the same relay will receive the same data stream. 
Observation 4:  For ECGI announcement, neither the eNB, nor the MME are involved in announcing the ECGI.
Observation 5: During dynamic activation of eMBMS, neither eNB nor MME are aware of the remote UE.
Link Monitoring and Service Continuity
Following establishment of a relay link, some form of relay management is required in order to take into account mobility and changes in radio conditions.  Relay management (in the form of relay selection and monitoring the relay link to a remote UE) and application-layer discovery over PC5 will likely require some support from the AS in the form of measurements, for example.  However, it is not clear that the AS itself would need to be involved in such management or that knowledge of the exact identity of the remote UE by the eNB is required.  

Service continuity between EPC connection and ProSe/relay connection will depend on the specific applications which require a relay connection.  Although mentioned as FFS in SA2 [2], at this point there are no requirement for service continuity that cannot be achieved through at the application layer.   
Observation 6:  Relay Management and Service Continuity, can be done at the application (ProSe) layer, with AS-related support provided by the remote UE and relay UE and without involvement of the eNB.

Proposal 1: RAN2 assumes that the identity or knowledge of the remote UE is not required by either eNB or MME.
2.3 Consideration of RRM and Resource Allocation for UE-to-Network Relays
While the exact identity of a remote UE is not required by the eNB/MME for proper functioning of UE-to-Network relays, the eNB may need to know about the presence of relay UEs.  In particular, at different stages of relay establishment, the eNB needs to provision D2D resources accordingly for the relay UE.  Furthermore the eNB may use information about the relay UE to determine whether to allow the operation of these UEs as relay UEs (e.g. for RRM purposes).  
Observation 7: An eNB needs to be aware that a D2D UE is operating as a relay in order to configure D2D resources accordingly.
Since a relay UE will use configured D2D resources to communicate to its associated remote UEs, an eNB can better provision and manage the D2D resources (or resource pools) if it has some knowledge of the remote UEs or the services they are using.  For example, information about the number of remote UEs connected to a specific relay and/or service-related information may be beneficial to the eNB.  For example, the service related information may be useful in the case that multiple relay UEs receiving broadcast related to the same TMGI can all use the same set of resources to receive that broadcast.  
Observation 8: The eNB could benefit from the knowledge of the number of services requiring distinct resources currently used by the remote UEs behind the D2D relay.

Proposal 2: RAN2 to study relay-UE reporting needed for RRM purposes
3  Conclusion
In this contribution, the question of whether the remote UE should be known to the core network or the eNB has been examined.  RAN2 is requested to discuss and agree to the following two (2) proposals (derived from the accompanied observations):
Observation 1: The use cases currently envisioned for UE-to-Network relays in SA2 do not require paging to be supported.
Observation 2: Knowledge of the presence of the remote UE in the eNB and MME is not required for unicast relaying.

Observation 3: For eMBMS traffic relaying, both the eNB and MME are unaware of the presence of the remote UE.
Observation 4:  For ECGI announcement, neither the eNB, nor the MME are involved in announcing the ECGI.

Observation 5: During dynamic activation of eMBMS, neither eNB nor MME are aware of the remote UE.
Observation 6:  Relay Management and Service Continuity, can be done at the application (ProSe) layer, with AS-related support provided by the remote UE and relay UE and without involvement of the eNB.

Proposal 1: RAN2 assumes that the identity or knowledge of the remote UE is not required by either eNB or MME.

Observation 7: An eNB needs to be aware that a D2D UE is operating as a relay in order to configure D2D resources accordingly.
Observation 8: The eNB could benefit from the knowledge of the number of services requiring distinct resources currently used by the remote UEs behind the D2D relay.

Proposal 2: RAN2 to study relay-UE reporting needed for RRM purposes
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