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1. Introduction

This contribution is very dependent on the timing relationship between eNB and RN. It is assumed that eNB subframe boundary is aligned with RN subframe boundary as proposed in the [1]. In such case, partial symbol in the both ends of subframe will not be used for normal backhaul resource. Therefore we propose a method to utilize the resource efficiently.
2. Half symbol format in the backhaul subframe
2.1 Potential positions of guard time and subframe format for backhaul link
. It is assumed that the guard time duration is roughly estimated about 20μs when taking into account the transient time causing by the analog amplifier unit characteristics when switching. The Figure 1 shows an example of the guard time duration and its potential position on the first and last backhaul symbols. 
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Figure 1: Possible positions of guard time and backhaul subframe format
So as to increase the resource utilization, a special method is considered to make the most use of two unused/wasted partial symbols located on the first and last symbol. The method is to introduce/define a new symbol format with a half-symbol length (2,048*Ts/2@20MHz) which is placed on the latter part of the first OFDM symbol and the former part of the last OFDM symbol, so that can be used for data or control transmission described later (U in Figure 1). We can think that the number of information bit conveyed by two symbols of U is the same as that of a normal OFDM symbol.  
The new symbol U can be easily generated by using N/2-point FFT with 1/2 symbol length (N: FFT point for normal symbol, e.g. 2048 at 20 MHz LTE system) in Figure2-(a) and the output subcarrier spacing will be 30 kHz as shown in Figure 2-(b), while 15 kHz subcarrier spacing in case of normal OFDM symbol as shown in Figure 2-(c)).  One application to use this symbol format will be explained in section 2.2
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 Figure 2-(a): Signal generation of OFDM symbol with ½ symbol length (1024*Ts), subcarrier spacing = 30 kHz
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Figure 2-(b): Subcarrier allocation of SC-FDMA symbol with ½ symbol length (1024*Ts), subcarrier spacing = 30 kHz
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Figure 2-(c): Subcarrier allocation of SC-FDMA symbol with 1 symbol length (2048*Ts), subcarrier spacing = 15 kHz
2.2 Application of partial symbols in the backhaul link
By using the symbol U of 30 kHz subcarrier spacing aforementioned, the R-SRS can be multiplexed with Macro SRS at the last symbol in a subframe without any specification change. According to the LTE specification, the SRS sequences can be designed to assign to either even-numbered or odd-numbered subcarrier resource like “Comb-type”, i.e. 30 kHz spacing RE allocation. In the same manner, the R-SRS can be also assigned to every other subcarrier resource, i.e. 30 kHz spacing. That is to say, R-SRS can be assigned by the same rule as Macro SRS. Any further specification work may not be required. 
Figure 3-(a) shows one of scheduling strategy as an example implementation for better understanding on how to be multiplexed. In Figure 3-(a), “SB-SRS” means early terminated Sounding RS, “LB-SRS” means normal Sounding RS in Rel-8. 

Figure 3-(b) shows the generation method of early terminated R-SRS which corresponds to the one part of Macro SRS symbol. 
Figure 3-(c) shows the receiver processing to obtain R-SRS correctly from received signal which contains both Macro SRS and early terminated R-SRS.
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Figure 3-(a): Example of multiplexing Macro SRS with R-SRS 
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Figure 3-(b): An example of R-SRS TX signal processing 
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Figure 3-(c): An example of R-SRS RX signal processing 

.  
3. Conclusion

Based on the description on the section 2, we summarized the proposed rules or methods on the backhaul subframe design as followings:
· The guard time may be positioned at either both sides or one side of backhaul subframe depending on design of timing relationship between macro cell and relay cell. However, in order to support CoMP joint transmission and real MBSFN service, the synchronization between eNB and RN seem to be very important. Under the assumption, the guard periods are placed at the both ends of subframe. In such scenario, it’s desirable the unused/wasted partial symbol is used for backhaul resource by using a new symbol format of a half-symbol length or cyclic copied symbol
· The proposed symbol format can applied to R-SRS. The R-SRS using the proposed symbol format can be easily multiplexed with Macro SRS (30 kHz subcarrier spacing) at the last symbol of the SRS configured subframe without any collision with Rel-8 subframe. 
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� Figure 3 is a simplified illustration for better understanding. So some function blocks are omotted for simplicity
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