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1 Introduction

LTE-Advanced should provide significantly enhanced services by means of higher data rates and lower latency with reduced cost. The number of cell-sites directly affects the system cost. Since the new spectrum bands for IMT contains higher frequency band and LTE-Advanced is aiming at higher data rate, coverage of one Node B is limited due to the large propagation loss and limited energy per bit.

Relaying was proposed to enlarge the coverage and to improve the capacity [1]. RNs (Relay Node) connect to the eNB by the wireless backhauling. Therefore, the new interface between eNB and RN is necessary. As the eNB-RN link of inband relaying, the discussion on the method using the MBSFN subframe is already started. We agree this is one promising technique.  On the other hand, 3gpp needs further discussion on the design of this eNB-RN. In order to progress, this document reviews the general requirements of eNB-RN link.  
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Fig. 1 The E-UTRAN architecture employing RNs
2 Discussion
2.1 Characteristics of eNB-RN interface

When designing the eNB-RN interface, following aspects should be taken into account.

· Required throughput

· Delay
· The deployment scenarios for RN
· Fluctuation of the Y3 interface traffic
· Good isolation in case of inband relay
2.1.1 Required throughput

The required throughput for eNB-RN interface is determined by the requirements for the cell throughput of the RN. The cell throughput of the RN is the function of the maximum number of UEs supported by the RN, the cell radius of the RN, and the supported traffic types by the RN. These requirements should be discussed first for clarifying the required throughput of the eNB-RN interface.

2.1.2 Delay

The delay requirement is mainly determined by the supported traffic types of the RN. The VoIP traffic and the gaming requires short delay but the web traffic also has a benefit of the short delay because of TCP window management.
2.1.3 The deployment scenarios for RN
The expected radio channel qualities are determined by the deployment scenarios for RN as discussed below.

· The distance between eNB and RN

· Whether RN position is fixed or not. Outdoor or indoor

· The height of RN antenna 

· The transmission power of RN (to eNB)

          These scenarios would impact on the discussion for PHY aspects of eNB-RN interface. For instance, the required dimension and geometry distribution certainly impact the required coding rate in the relay-eNB interface.
In addition, in case that the propagation delay between eNB to RN is not negligible, guard period for switching UL/DL on TD relay is necessary. Therefore this propagation delay also impacts on the discussion of PHY aspects of eNB-RN interface.

2.1.4 Fluctuation of the eNB-RN interface traffic

In the case that the number of UEs in RN cell is small and only burst type traffic is handled, the time fluctuation of the eNB-RN interface traffic is large. On the other hand, in the case that the number of UEs on RN cell is large and more constant bit rate service is supported, the time fluctuation of the eNB-RN interface traffic is small. Therefore, the time fluctuation of the backhaul traffic should be carefully studied based on the possible deployment scenarios. If the time fluctuation of the eNB-RN interface traffic is large, and the eNB-RN interface traffic of each RN is quite different, the dynamic resource allocation scheme is considered for the backhaul.
2.1.5 Good isolation in case of inband relay
Isolation between eNB-RN link and RN-UE link is determined by resource allocations for RN, i.e. TD relay and FD relay. In the case of TD relay, eNB-RN link and RN-UE link are divided in time division manner. TD is good isolation since TD relay is not affected by self interference between Tx and Rx. In the case of FD relay, eNB-RN link and RN-UE link are divided in frequency division manner. RN receives and transmits DL physical channels on different frequency in the same subframe. If the guard band is narrow, the impact of self interference between Tx circuits and RN circuits is not negligible [2]. 
Isolation between eNB-RN link and eNB-UE link can be controlled by eNB. In the case that resource allocation of eNB-RN link and eNB-UE link is by time or frequency, the isolation is ensured. In the case that SDM is applied for the eNB-RN link and eNB-UE link, the impact of interference should be considered.
2.2 Multiplexing capacity of eNB-RN interface at eNB 

We further discuss the requirements for multiplexing capacity of eNB-RN interface at eNB. The multiplexing capacity would be impacted by the discussions of deployment scenarios (e.g. how many RNs should be supported by one cell). For example, if the resource allocation scheme for the backhaul is (semi-)static, the multiplexing capacity would be determined by the amount of time/frequency resources for backhaul at eNB, required throughput for each eNB-RN interface and the radio channel quality among the eNB and RNs.

As discussed in section 2.1.4, if the time fluctuation of eNB-RN interface traffic is large or the traffic of each RN is quite different, the dynamic resource allocation scheme for backhaul is effective. The control channel should design well in order not to restrict this multiplexing capacity.
In addition, if SDM is applied for the link of eNB to/from RNs, both the multiplexing capacity and the throughput of the backhaul increases. Therefore SDM should fully utilize in the eNB-RN interface. 

3 Conclusion

This document discussed the general requirements for RNs which should be clarified before the detailed discussions for backhaul. We discussed the requirements for eNB-RN interface itself and the multiplexing capacity of eNB-RN interface at eNB. In order to clarify the requirements for eNB-RN interface, following aspects should be taken into account 

· Required throughput is determined by the cell throughput of the RN.

· Delay is determined by the supported traffic types of the RN. (e.g. VoIP)

· Radio channel qualities are determined by the deployment scenarios for RN

· Fluctuation of the eNB-RN interface is determined by the deployment scenarios for RNs.
· Isolation in case of inband relay is determined by resource allocations scenarios.
In order to clarify the requirements for multiplexing capacity of eNB-RN interface at eNB, following aspects should be taken into account

· Resource allocation scheme for the backhaul should be studied based on that fluctuation of eNB-RN interface traffic is large or small.

· SDM should be fully utilized to solve the limitation by time/frequency resource for backhaul.
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