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1 Introduction

LTE-Advanced should provide significantly enhanced services by means of higher data rate and lower latency with reduced cost. The number of cell-sites directly affects the system cost. Since the new spectrum bands for IMT contain 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][2][3]. How to allocate the resource for RN (i.e. TD relay or FD relay[4][5][6][7]) has been discussed. This document discusses characteristics of TD relay and FD relay for FDD system.
2 Discussion

This document assumes following scenarios for relaying.

- 
Wireless link between eNB and RN (Relay Node)
-
The number of maximum hop is two, i.e., eNB → RN → UE in DL, UE → RN → eNB in UL

-
RN is fixed from the UE’s point of view
-
In-band transmission of backhaul is assumed. Therefore, eNB → UE and eNB → RN share the DL band. UE → eNB and RN → eNB share the UL band. 
2.1 Definition of TD relay and FD relay
TD relay shares the same frequency resources for reception and for transmission in time division manner. The subframe allocation for TD relay is illustrated in Fig. 1. In this figure, UE1 is connected with eNB and UE2 is connected with RN. eNB transmits to UE1 and RN on subframe 0 and RN transmits to UE2 on the different subframe 1 in DL.
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Fig. 1 TD relay

FD relay shares the same time resources for reception and for transmission in frequency division manner. The subframe allocation for FD relay is illustrated in Fig. 2. eNB transmits signals to RN and UE1 connected with eNB using certain subcarriers, and RN transmits signals to UE2 connected with RN using different subcarriers. Therefore, RN receives and transmits subframes on different frequency.
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Fig. 2 FD relay

2.2 Support of adaptive resource sharing based on load condition
2.2.1 TD relay on FDD system
TD relay can support the adaptive resource sharing between eNB and RN based on load condition. The concept of adaptive resource sharing in time division manner is illustrated in Fig. 3. The subframe #0,1,3,5,6,8 are allocated to eNB and the subframe # 2,4,7,9 are allocated to RN. Here, the ratio of eNB subframes to RN subframes is 3 to 2. This ratio can be decided by eNB, however subframe #0 and #5 should be allocated to eNB in order to transmit SCH of eNB. In the same way, RN should transmit its SCH at intervals of 5 subframes. In Fig3, the subframe # 2 and #7 are allocated to RN in order to transmit SCH of RN. In addition, the effects of fluctuation of the inter-cell interference should be considered carefully since the inter-cell interference would be fluctuating with the resource allocation of eNB and RN. In addition, RAN1 agreed there is no mechanism to align the behaviour of all UEs in the cell in release 8. How often the resource could be changed should be taken into account. 
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Fig. 3 The adaptive resource sharing on TD relay
2.2.2 FD relay on FDD system
FD relay can not support instantaneous adaptive resource sharing between eNB and RN depending on load condition. As the change of bandwidth is assumed as "almost never" in release 8 UE, there should be backward compatibility issue to change the bandwidth. Another mechanism would be based on the resource allocation of the frequency. The measurement and control channel impact should be analyzed in this case.  
2.3 Effects on the measurement to LTE UE

2.3.1 TD relay

Since the time resources are shared by RN and eNB, UEs would not receive RSes of eNB or RN continuously. Although LTE-A UE might be able to recognize which subframes are allocated to RN, LTE UE can not. So, TD relay would have some impacts on the measurement to LTE UE.
2.3.2 FD relay

UEs are able to receive RSes of eNB or RN on every subframe, since eNB and RN transmit subframes continuously. Therefore, LTE UE would be able to perform cell search and measurement correctly with received RSes. 
2.4 Necessity of the guard period and guard band
2.4.1 Guard period for TD relay

In TD relay, the guard period is necessary for RN to switch between transmission and reception. In case of UL(Fig. 4a), the last part of subframe for receiving signals from UE2 (subframe 2 in Fig. 4a) and the first part of subframe for transmitting signals to eNB (subframe 3) are overlapped due to transmission timing control of RN and propagation delay of UE signals Therefore RN should delay the start time for transmitting signals to eNB In case of DL, the last part of subframe for receiving signals from eNB (subframe 1 in Fig. 4b) and the first part of subframe for transmitting signals to UE2 (subframe 2 in Fig. 4b) are overlapped due to propagation delay of eNB signals. So, RN would not be able to receive whole the subframe 2.
In order to solve these issues, a kind of shortened subframe format between eNB and RN similar to frame structure 1 might be considered for TD relay.
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Fig. 4 The overlapped signals on TD relay
2.4.2 Guard band for FD relay

The guard band between subcarriers where RN transmits and subcarriers where RN receives is necessary to prevent self interference between Tx circuits and Rx circuits. 
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Fig. 5 The guard band for FD relay
3 Conclusion 

This document discussed the characteristics of TD relay and FD relay for FDD system. TD relay has advantage that it can support the adaptive resource sharing between eNB and RN based on load condition. The resource sharing would be effective in the situation that traffic between eNB and RNs is fluctuating. On the other hand, it is easy for FD relay to support backward compatibility for LTE UE. We also think it is worth considering to support TD relay only in LTE-A only band for FDD terminal since TD relay would have some impacts on the measurement to LTE UE.
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