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1.
Introduction
Between RAN2#66 and RAN2#67, e-mail discussion was held to compare different alternatives on Relay architecture. In this document, we list up several functions that should be supported in Relay architecture. In addition, how they can be supported in each alternative is discussed. 
2.
Discussion
2.1 Recognition of Relay
The first point that should be considered is whether DeNB should know the existence of RN node. For proper operation of relay, it may be beneficial for DeNB to know whether the connected node is a normal UE or a RN. 

For example, the traffic over Un interface is delivered using MBSFN subframes. However, the traffic for normal UEs is delivered over non-MBSFN subframes. Thus, to correctly deliver user traffic over back-haul link, it may be necessary for DeNB to recognize whether a concerned node is a RN or a UE.
For alt 2 and alt 4, this recognition is easily done due to the termination of S1 at DeNB. However, for alt 1 and alt 3, new procedure between DeNB and MME may be needed and this will cause additional complexity.   

2.2 Access control of Relay

In Rel-8, UE performs access check before establishing a RRC connection with eNB. Then, access check by RN may also be necessary at the start-up of RN.

In most scenarios for relay operation, RN requires a lot of resources because it serves more than one UEs. Then, depending on the cell load or network congestion, DeNB may want to disallow access from Relay. Furthermore, the RN’s access to a legacy Rel-8 eNB or a Rel-10 eNB which does not implement relay support should be prevented.
Given these thinking, relay should try to access only DeNB to which access is allowed. In addition, DeNB should indicate whether it can accept access from RN or not. If MME decides whether to allow access of RN, new signaling should be defined.

2.3 QoS Control

For a given bearer, there are several related parameters for it. For example, MBR and GBR are considered for the bearer. Also, network may also consider whether the bearer is for a platinum user or a normal user.
For a given UE, the QoS parameter will be semi-static. However, for a RN which should continuously manage incoming and outgoing UEs, the QoS parameter for a Un bearer will not be semi-static. When a new UE under a RN’s control starts or ends a call, GBR and MBR parameter should be updated not only between RN and DeNB but also between DeNB and EPC.

Especially, special treatment should be provided for VoIP service. Because of the additional hop, the delay over air interfaces should be minimized as much as possible. Whenever a number of VoIP calls that RN handles changes, this change should be mirrored into parameter changes over Un interface. 

Regarding these aspects, Alt 2 and alt 4 can easily support QoS control. However, it seems not easy to handle QoS change for alt 1 and alt 3 because DeNB has no clue. 

2.4 Admission Control

With self-backhauling, RN uses resources of DeNB. From the DeNB’s point of view, as more resources are consumed by UEs under DeNB’s direct control, available resource for RN decreases. If RN accepts call from UEs without considering the load or resources condition of DeNB, the QoS of UEs under RN’s control may not be guaranteed. 
Thus, some kind of admission control is needed when RN grants a RRC connection or a new radio bearer toward a UE. Because DeNB can directly reject new connection request transported from a RN, the admission control does not cause any further complexity for alt 2 and alt 4. 
However, for alt 1 and alt 4, new signaling is needed to implement admission control, resulting in increased complexity.
2.5 Handover Control

Handing over a normal UE to a target eNB may be different from handling over a RN to a target eNB. When a single UE is handed over, target eNB can decide whether to reject a UE or not based on the UE context. However, in case of handing over a RN to target eNB, contexts for all the UE’s under RN’s control should be provided to target eNB. Otherwise, if there is a resource shortage at target eNB and some Un bearer should be released, all the Uu bearers mapped to the Un bearer will be released regardless of user’s class. 

Currently, it is not clear whether new handover procedure will be used for RN’s mobility. If RN can by itself decide the target eNB for its own mobility, the RN can directly contact the target eNB to check whether some radio bearers for some UEs should be released or not. 
However, if source DeNB decides the target DeNB for RN, per UE context information can be easily delivered with alt 2 and alt 4. It is because source DeNB has per UE context information and can deliver this information directly to target DeNB. But it is difficult for alt 1 and alt 3 because there is no context at DeNB.
2.6 Security Aspect
In LTE, signaling messages such as RRC and NAS messages are delivered with integrity protection over air interface. Currently, it is not clear whether all S1 related messages should be integrity-protected over Un interface. However, at least normal RRC messages for RN, which is C-plane message, will be integrity-protected over Un interface. Given that S1 message is also a kind of C-plane message, it seems natural to transport S1/X2 related message over RRC with integrity protection. 
Considering that RN is not fixed in location and is more vulnerable than normal eNB, security issue is very important. If SA3 requires integrity protection for all the signaling messages for RN, alt.4 meets the requirement without any modification and alt.2 can meet the requirement with some modification. However, alt1 and alt 3 does not seem to meet the requirement.

2.7 Emergency Call Control

Whether RN should support emergency call is not decided yet. If DeNB does not know whether emergency call is initiated by UE under RN’s control, a Un bearer tailored for emergency call will not be available. From QoS point of view, it seems better not to multiplex Uu bearer for emergency call and Uu bearer for other UEs into same Un bearer.

Anyway, if a special treatment is needed for emergency call, alt 2 and alt 4 can support better than alt 1 and alt 3. For alt 2 and alt 4, due to the direct interface between DeNB and RN, appropriate QoS support over Un interface can be immediately provided. 
2.8 Prioritization within a bearer

All the alternatives seem to consider multiplexing multiple Uu bearers into one Un bearer. Then, Uu bearers of similar QoS requirement will be mapped into same Un bearer. However, there are several different types of users such as platinum, gold and silver users. In case of network congestion or resource shortage, data for platinum user should be delivered while data for silver user is suspended. Even if there is no resource shortage, preemption should be allowed to reduce delay for the data of a platinum user.
This kind of prioritization can be easily implemented with alt 2 and alt 4 where DeNB has context information for UE under RN’s control. Thus, when DeNB receives a data for platinum user while serving data for low-priority user, DeNB can suspend the transmission for low-priority user to serve high-priority user first. However, this prioritization seems not supported with alt 1 and alt 3 because there is no UE context information at DeNB. 
2.9 ANR & Neighbour information
Neighboring cell information can be configured via O&M. For static RN, this will not be a problem. However, in case of mobile RN, neighboring cell information should be updated whenever RN changes a serving DeNB. Depending on the frequency of handover, it may not be easy to timely update neighboring cell information via O&M. 
If neighboring cell information for UE mobility is directly delivered to RN by DeNB, complexity can be relieved. As discussed above, this kind of configuration can be easily supported with alt 2 and alt 4. 
3.
Proposal

In this contribution, we discussed functionalities needed for relay and analyzed whether the functionality can be supported by each alternative. Based on the above discussion, alt.2 and alt.4 allow easy implementation of functions listed in section 2. 
Thus, it is proposed to agree on either alt 2 or alt 4 for relay architecture for LTE-Advanced.
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