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1. Introduction
In this contribution we discuss the protocols that need to be supported on the Un interface in the control plane and analyse if any potential modifications and extensions of these protocols might be needed. The analysis presented in this document holds for Alt1, 2 and 3. As the details of the operation of Alt4, as well as the potential impacts on the control and user plane protocols were not clear at the time of writing this document, the present analysis and the conclusions of this paper do not cover Alt4.
It has been earlier agreed at the RAN2#65bis meeting that the Un interface shall have MAC, RLC and PDCP protocols included and it has been also agreed (at the RAN2#66 meeting) that the Un interface shall use the RRC protocol in the control plane, while potential enhancements of these protocols have been left FFS.
2. Un control plane interface

Since the relay node needs to act both as a UE and also as a network node (i.e., as an eNB) on the Un interface, the control plane structure of the Un interface would need to address the AS control plane protocol (i.e., RRC) aspects, the NAS protocol aspects and the S1/X2 protocol aspects.
2.1.  RRC protocol aspects
In the access stratum the relay node basically acts as a UE toward the donor eNB, which means that the RRC protocol can be used by the donor eNB to execute AS control over the relay. The protocol stack for the AS control plane on the Un interface is illustrated in Figure 1.
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Figure 1: AS control plane between donor eNB and relay
In [1] we have analysed the main RRC protocol functions with the intention to identify if any special handling of these RRC functions might be needed in the relay use case. Below we provide the result of RRC function analysis based on [1] and conclude that the legacy RRC protocol can be used on the Un interface without the need for any new RRC functions.
· RRC connection mobility: As the primary use case of relay nodes is expected to be fixed relays, the RRC functions related to mobility may not be required.
· Cell reselection (idle mode mobility): Similarly to active mode mobility, idle mode mobility support may not be required in case of fixed relays.
· Paging: In case idle mode is supported by relay nodes, there needs to be a corresponding paging procedure.
· Establishment/release/modification of RBs: These procedures are needed to setup radio bearers on the backhaul link, typically at the time when the relay node goes into operation, which are then, maintained statically or semi-statically during operation. 
· Measurement configuration and reporting: The measurement configuration and reporting intensity can probably be reduced significantly especially in case of fixed relays. This can be handled by appropriate measurement configuration. 
· System information delivery: The relay node obtains system information broadcast in the donor eNB cell according to the corresponding procedures used by regular UEs.
· Transparent transfer of higher layer signalling: The RRC layer would need to carry the NAS signalling of the relay transparently over the Un interface. 
· Configuration of lower layers: The donor eNB would need to configure the lower layers in the relay via the corresponding RRC procedure, similarly as in case of regular UEs. 
Proposal 1: As no need for any new functionality to RRC is foreseen, it is proposed to use the legacy RRC protocol in the relay. 
2.2.  NAS protocol aspects
It has been already mentioned above that the relay node acts as a UE on one hand and as the NAS control protocol belongs to legacy UE functionalities, it would be logical to assume that the relay node would also support NAS signalling. The NAS signalling from the RN can be used for instance, at RN setup or RN bearer modification. For more details, see [2] and [3]. For illustration we show the NAS layer in the protocol stack of the relay in Figure 2. 
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Figure 2: NAS control plane in the relay

In what follows we list the most important NAS protocol functions and discuss how they would be used in case of a relay node. Similarly to RRC, we can conclude that the legacy NAS protocol can be used in case of relays without the need for any new NAS functions.
· Attach/Authentication: The attach and authentication procedures would be typically executed at relay node setup.
· NAS security: The existing NAS security procedures can be reused without modification. 
· Tracking area update: In case of fixed relays and no support of idle mode the TA Update procedure may not be required.
· Service request: The service request procedure may be needed if idle mode will be supported by relays.
· EPS bearer establishment/modification: The EPS bearer establishment procedure would be used at least at relay node setup to establish the backhaul link EPS bearers. The EPS bearer modification would be needed to allow dynamic control of the backhaul bearers as UEs (connected to the relay) are added or removed to/from the backhaul multiplex. 
· Paging: The paging procedure may be needed if idle mode will be supported by relays.
Proposal 2: As no need for any new functionality to NAS is foreseen, it is proposed to use the legacy NAS protocol in the relay. 
2.3.  S1/X2 protocol aspects

When the relay acts as an eNB it needs to support the S1/X2 control plane protocols. For illustration we show the S1-AP in the protocol stack of the relay in Figure 3. (A similar protocol stack would apply for the X2-AP as well.) Similarly to the other protocols we list the most important S1-AP protocol functions and discuss their use in the relay case. Based on this analysis we can conclude that the legacy S1-AP protocol can be used without the need for any new S1-AP functionality.
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Figure 3: S1 control plane in the relay

· E-RAB management: This functionality involves the setup/release/modification of UE bearers connected to the relay and would need to be handled in the same way as in case of a regular eNB.
· UE context management: Establishment/release of UE context at the relay would need to be supported in the same way as in case of regular eNBs.
· Mobility management: Switching of downlink path on S1 after UE movement needs to be supported in the same way as in case of regular eNBs.
· Paging: The paging of UEs at the relay can be initiated from the EPC on S1 in the same way as in case of regular eNBs, i.e., no difference shall be seen by the MME.
· NAS signaling transfer: The transfer of NAS signaling over S1 can be done according to legacy S1-AP procedures.
· S1 interface management: The setup/release and maintenance of S1 can be done according to legacy S1-AP procedures.
Proposal 3: As no need for any new functionality to S1-AP (and X2-AP) is foreseen, it is proposed to use the legacy S1-AP (and X2-AP) protocol in the relay. 
3. Conclusion and proposal
In this contribution we have discussed the control plane protocol aspects of the Un interface and made the following proposals.
Proposal 1: As no need for any new functionality to RRC is foreseen, it is proposed to use the legacy RRC protocol in the relay. 
Proposal 2: As no need for any new functionality to NAS is foreseen, it is proposed to use the legacy NAS protocol in the relay. 
Proposal 3: As no need for any new functionality to S1-AP (and X2-AP) is foreseen, it is proposed to use the legacy S1-AP (and X2-AP) protocol in the relay. 
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