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1
Introduction
Relaying has been considered as one of the potential technology components for LTE-A. Up to now, it has been agreed that at least “type 1” relay node (RN) should be supported which is seen as an eNB from UE’s perspective [1]. In last RAN2 meeting, the protocol architecture for “type 1” relay was further discussed and reached some conclusions as below:

· The interface between DeNB and RN is defined as Un; the interface between RN and UE is Uu.

· Over Uu interface, all AS protocols including both c-plane and U-plane are terminated at RN.

· Over Un interface, U-plane will have MAC/RLC/PDCU but whether they are identical to Un is FFS; While C-plane is FFS.

This paper discusses protocol issues, in particular for the C-plane over Un interface. By identifying the problems arising from the architecture, it is suggested RAN2 considers these issues and brings them into discussion.
2
Considerations on protocol design over Un interface
When designing the protocol structure for the Un interface, the requirements on the architecture need to be firstly considered before we come to the detailed functionality design, which includes the following:

2.1
How much optimization is expected?
There will always be a trade off between optimizations and additional effort and complexity of the protocol stack. Considering the Un interface, the higher efficiency and the less resource consumption it is expected from the Un interface, the more efforts there would be needed on the protocol optimization. 

One example that the optimization would impact is the “S1 termination” question [2-4]. Irrespective of the optimization over Un interface, the DeNB could transparently forward the S1 signalling to RN, e.g. by tunnelling, without any process on the forwarded S1 traffic. This has the least impact on the protocol stack by taking RN as a common eNB supporting S1 protocol. On the other hand, if optimization is “required”, some optimized coding of the extension of the S1 interface over the Un may be possible rather than forwarding the S1 packets “as is” over Un. It needs to be investigated, whether there is sufficient incentive for such optimizations, or whether the system benefit would not be substantial enough to justify the creation of such an optimized S1 dialect.
In addition, the U-plane design is also up to the decision on the optimization degree. For example, if the IP header overhead is considered as an issue to be addressed considering resource sharing between backhaul link and access link, some functionality needs to be supported over Un e.g. by using RoHC, extracting unnecessary bits etc. 
While there may be plenty of ad-Hoc optimization opportunities, a more consistent approach would be preferred that involved only a set of optimization rules, if the savings are substantial. The functionalities that need to be supported for relaying should be selected prudently, prioritizing most relevant ones. 

2.2
How much should moving RNs be considered?
When we discuss the fixed RNs at current stage, the moving RNs are not excluded and considered as another possible relaying scenario e.g. being set up over a train. However, it is seen that how much the moving RNs are considered at this moment would impact the protocol stack design.  

The static RNs will be the most prominent case and will require least complex procedures while the degree of mobility may even require in different approaches. For example nomadic mobility may be able to be supported with small extensions to the current IPsec mechanisms, but more severe changes may be necessary for full mobility. 
A further related aspect is that the mobility of the UEs attached to RN relative to the moving RNs. For the typical applications it may be sufficient to restrict their mobility i.e. not allow a UE to leave a train anywhere en route but only at predetermined stops. If there are several RNs within a moving train then it may be sufficient to provide mobility between the set of RNs moving together. One advantage of restricting mobility to these approaches is that neighbor cell relations can be established more easily

2.3
Could modular design approach be supported?
Certainly not every relaying deployment will necessitate all advanced features. In this case it should be possible to implement only a subset of the full relaying protocol extensions, picking the ones that are essential for a particular deployment. Consequently the relaying protocol extension should be selected in a way that allows a modular design approach. A further advantage of such an approach is that it may be sufficient to first design the basic functionality fully, while the full specification of more advanced functionality can be deferred to later releases, when experience from first implementations and deployments can already been taken into account. At the same time care should be taken that the modules can build on each other i.e. for additional functionality we don’t have to replace a module for a reduced functionality, because that would mean unnecessary double work. 

Proposal1: it is suggested that RAN2 considers the above questions over Un interface for deriving conclusions about the protocol design to be employed.
3
Discussion on C-plane issues over Un interface
In this section we go to the deeper discussion on the C-plane issues, in particular the RRC functionalities, over Un interface. In contrast with the RRC functionality specified in 3GPP TR36.331 [5], we discuss the possibility to apply the respective function to Un interface depending on the similarity between Un and Uu.
3.1
Paging

The paging message is initiated from MME and delivered by eNB on deterministic paging occasions [2]. Since RN would not be an originating or terminating point for services, there would not be any RRC paging message destined to RN itself in the relaying system. Then the question would be how the S1 paging message is delivered from DeNB to RN. This depends much more on the discussion we made in section 2.1.
If S1 paging were terminated at RN, the DeNB would transparently deliver each paging record received from MME to the RN, which includes the list of tracking areas (TA), paging identity etc. However, from the RNs’ point of view, what they need is the paging identity and paging cycle only, so as to map the paging group to corresponding paging occasions. The information about TA is useless and its delivery over Un seems to be a waste of resource. If the resource consumption is to be optimized, the S1 paging could be terminated at DeNB while the DeNB reorganizes them into an S1-like paging message (or more similar to RRC paging message) to RN. At an expense, the mapping function between the S1 paging message and S1-like paging message over Un needs to be specified. 

Proposal2: it is proposed to discuss how to deliver paging message over Un interface.
3.2
Establishment/modification/release of RRC connection control

RRC connection control is responsible for assignment/modification of UE identity, establishment/modification/ release of SRBs, access class barring in LTE. While coming to the Un interface, the connection between DeNB and RN could appear in different shape given the aggregated traffic from multiple UEs at RN. 

The simplest way is to forward the connection over Uu interface directly to Un interface as in Fig 1(a). In this sense, the radio bearer over Un needs to be modified correpondingly once there is modification on any radio bearer over Uu interface associated with any of the UEs. We name it as per-UE-per-RB solution. It is simple but does not allow any optimization over Un interface. 

Another possible way is to combine the radio bearer from one UE, i.e. the radio bearer over Un interface is per-UE, as shown in Fig 1 (b). This allows the overhead optimization e.g. by RoHC, and decreases the resource consumption over Un. However, the method prevents QoS recognition over the Un interface which was previously identified by radio bearer management on Uu. 

The last but not the least solution is to aggregate the radio bearers corresponding to the same QoS level into one radio bearer over the Un interface as shown in Fig.1 (c). It keeps the QoS feature available over Un interface and hence enables QoS-aware RRM algorithms to optimize the performance.

Proposal3: it is proposed to study the connection establishment/modification/release over Un interface considering the feasibility, overhead reduction and QoS control etc. 
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(a) per-UE-per-RB connection control
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(b) per-UE connection control                          (c) per-RB connection control

Figure 1 connection control over Un interface in relaying system

3.3
Initial security activation
Given that the interface between DeNB and RN is open, security must be provided over the Un interface. There could be at least two different approaches to this. 

While taking the RN as eNB, the direct way is to apply the NDS framework based on the certificates issued by operators. This requires IP connectivity between RN and DeNB, and avoids impacts on E-UTRAN security architecture. However, the IPsec which is used in NDS works fine only when the endpoints are stationary. In case of moving RNs, e.g. RNs on a train, some other solution is therefore expected.

The other approach is so see RN as UEs, where the AKA-based security architecture could be applied to the Un interface as it is done over Uu interface. For this purpose, a UICC would be required in the RN for setting up the security keys. Moreover, there would need an entry in the HSS for the RN. 

Note that guidance to be expected from security experts and response towards the corresponding LS [5] should also be considered when discussing the security related issues.

Proposal4: it is suggested to discuss relevant relay deployment scenarios and to give some instructions to SA3 so that SA3 can continure their discussion on the security architecture over Un interface. 

4
Conclusion
We have discussed several of the C-plane and protocol issues over Un interface and identified following topics to be studied:
Proposal1: it is suggested that RAN2 considers the expected sets of required functionalities for deriving conclusions about the solutions to be employed.
Proposal2: it is proposed to discuss how to deliver paging message over Un interface.
Proposal3: it is proposed to study the connection establishment/modification/release over Un interface considering the feasibility, overhead reduction and QoS control etc. 

Proposal4: it is suggested to discuss relevant relay deployment scenarios and to give some instructions to SA3 so that SA3 can continure their discussion on the security architecture over Un interface. 
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