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1 Introduction

In the previous RAN2 meetings, the RN type issue was discussed [1]-[3], while it is still FFS how the DeNB would be aware of the RN type. In this contribution we further analyze this issue and draw some conclusions based on this analysis. 
2 Discussion
2.1 RN Type
There are two primary use cases that can be considered for the RN type configuration:

· The RN type is fixed.

· The RN type is flexible.
Fixed RN type refers to the RN where the frequency carriers supported on the RN-Uu and RN-Un links are fixed such that whether resource partitioning is needed over the Un link only depends on the RF isolation between the antennas for the RN-Uu and RN-Un links, which is presumably to be relatively stable once these antennas are installed.  Therefore, it could be assumed that the fixed RN type would not be changed frequently once it is deployed and on operation. The main benefit of this use case is the simplicity and efficiency/costdown. A simple example is that an RN uses frequency carrier f1 for RN-Uu and f2 for RN-Un, where f1 and f2 are fixed due to hardware limitation.
Flexible RN Type refers to the RN where the carrier frequencies on the RN-Uu and/or RN-Un links may be (re-)configured such that whether resource partitioning is needed over the Un link also depends on the exact frequency carrier configuration of the RN-Uu and RN-Un link. An example is that the RN supports frequency carrier f1 on the RN-Uu link, and both f1 and f2 on the RN-Un link, thus the RN may be configured as an OutBand RN under certain circumstances and as an InBand-HalfDuplex RN under other circumstances.  The main benefit of this use case is the flexibility and adaptation/self-configuration. A nomadic RN may encounter this situation when the DeNBs at different locations supports different carrier frequencies over the Un link. 

From the deployment point of view, two kinds of RN type are possible. Which RN type will be applied depends on the deployment scenario and network planning, and hence could usually be well controlled by the Operator. 
2.2 RN Type decision
In the remainder of this contribution, we perform an in-depth analysis of the RN type decision issue.

2.2.1 Fixed RN Type
For the fixed RN type, the RN type could be determined before deployment of the RN or during the field installation, depending on the available frequency and isolation. It could also be achieved by fixed approaches, e.g. the O&M or any other suitable way. When we consider the deployment of RN will probably well planned and settled down, this alternative provides a simple approach for the Operator to coordinate and control the RN operation. 
In case of fixed RN type, there seems no more choice for both the RN and the DeNB operation, which means there is no need for the negotiation of the RN type on Un. Regardless of the RN type, what the DeNB needs to be acknowledged is only whether resource partitioning should be applied on Un or not. It means, for the fixed RN type case, it is sufficient that the RN indicates to the DeNB whether it needs resource partitioning or not on the Un interface. Therefore, to some extent, it could be regarded as “RN indication” or “RN decision” solution.
2.2.2 Flexible RN Type
For flexible RN alternatives, it is assumed that RN supports multiple operating frequencies on Un interface, and the operation mode on Un (i.e. need resource partitioning or not) of the RN may be negotiated and or (re-)configured between the RN and the DeNB according to whatever consideration. This alternative also implies the possibility that the operation mode may be changed on the fly when the RN is on operation as an eNB. 
And there are still issues to be considered, e.g. which node decides the RN Type, and which factors need to be taken into account. 
a) RN decision
Normally, the RN could select the type based on, e.g. the frequencies of the Donor cell(s) on Un, the frequencies the RN supports on both RN-UE and RN-DeNB links, the isolation performance of the RN’s Tx/Rx, and the duplexer support of the RN and so on. Once the RN determines the RN type on Un, it will indicate to the DeNB and the DeNB would take appropriate action accordingly. As above, to some extent, it could also be regarded as “RN indication” solution.
b) DeNB decision
With this scheme, the RN transfers the necessary RN operation information to the DeNB. The information can include the frequencies the RN supports on both RN-UE and RN-DeNB links, the isolation performance of the RN’s Tx/Rx, and the duplexer support of the RN and so on. The DeNB then decides the RN type based on the information received from the RN, its operating frequency. Besides, the load situation and interference from other RNs could also be taken into account when the DeNB determines the RN type. In this context, the DeNB even could determine the frequency the RN uses on both the RN-DeNB and RN-UE link., which implies a very dynamic DeNB-based self-configuration approach.
Additionally, if the frequency determined by the DeNB is not the one on which the RN is communicating with the DeNB, there may be some mechanism to redirect the RN to the appropriate frequency, which implies an inter-cell handover, RRC release or other frequency switch procedure for RN.

2.2.3 Comparison
From the system operation and deployment flexibility point of view, the DeNB decision scheme looks more dynamic and provides a better system performance due to the adaptation function according to the DeNB frequencies deployment, interference and DeNB load situation as well, especially for the nomadic and mobile relays scenarios. However, these benefits would be achieved at the cost of negotiation mechanism, signalling overhead of necessary information communication and frequency variations along with the complexity and standard effort.
On the other hand, the “RN decision” can be easily applicable to both the fixed RN type and flexible RN type scenarios. Considering the potential performance aspect, it can also leave sufficient flexibility to the RN implementation, depending on the deployment scenario and requirement. Besides, when we consider in Rel10 the RN is mainly used for coverage-improvement, a simple and cost-efficient approach is preferred, which also implies less standard effort.

Based on the above analysis, we propose:

Proposal 1: It is preferred to adopt a simple solution, i.e. the “RN decision/RN indication” based solution in R10.

2.3 RN Type Signalling
For the “RN decision/RN indication” based solution, as mentioned above, what the DeNB needs to be informed is only whether resource partitioning should be applied on Un or not. In principle, the resource partitioning requirement (or not) could be carried on the enhanced “UE radio access capability” container and transferred to the DeNB by one bit indication, e.g. ResourcePartitioningRequired, during the existing UE Capability Enquiry procedure as in Rel8/9.  This method seems sufficient and simple since only one bit is needed to be introduced. However, considering the impact on current UE procedures, it is desirable to specify a separate RN-specific signalling, e.g. RN Information Transfer procedure, to convey the information to the DeNB, which is also future-proof from the standardization point of view. 

Based on the requirement, the DeNB can ensure the appropriate operation of the RN, e.g. whether to configure the backhaul subframes or how to transfer the updating system information. An example message sequence chart is showed in the below figure 1 for the case the resource partitioning is needed on Un, including the recommended message names.
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Figure 1 fixed RN type message Flow
Due to whatever reason, the mismatch may happen that the DeNB is not able to support or accept the informed RN type. In such a abnormal scenario, there may be several ways to handle it, e.g. RRC release on Un, detach or any other possible approaches. We think it could be left to RN implementation or for further study.
Proposal 2: The DeNB should be notified whether resource partitioning is needed on RN by an indication in a separate RN-specific procedure.
3 Conclusion

We evaluate the schemes and provide the following proposes:

Proposal 1: It is preferred to adopt a simple solution, i.e. the “RN decision/RN indication” based solution in R10.

Proposal 2: The DeNB should be notified whether resource partitioning is needed on RN by an indication in a separate RN-specific procedure.
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