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1 Introduction

This contribution uses a simple model to analytically determine whether L1 relays can improve the information rate. The analysis results show that L1 relays perform well compared with the case of without relay. Therefore, at this stage, L1 relays should be kept as a potential candidate technology to achieve cell edge throughput improvement for LTE-Advanced [1].
2 Relay Model 
Here we consider a simplified one-dimensional linear relay model as shown in Figure 1 where one source (S) communicates with one destination (D) with the help of one relay (R) in the environment of one interference (I). In this model, 
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Figure 1: One-dimensional linear relay model
The wireless fading channel, 
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, is given by

[image: image16.wmf](

)

(

)

,,

1

paths

N

SDSDSDmSDm

m

hnPLn

adt

=

=-

å

,                              (1)


[image: image17.wmf](

)

(

)

,,

1

paths

N

RDRDRDmRDm

m

hnPLn

adt

=

=-

å

,                               (2)


[image: image18.wmf](

)

(

)

,,

1

paths

N

SRSRSRmSRm

m

hnPLn

adt

=

=-

å

,                                        (3)


[image: image19.wmf](

)

IDID

hnPL

=

,                                                 (4)


[image: image20.wmf](

)

IRIR

hnPL

=

,                                                  (5)

where 
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 are implicit modeling for simplicity. Path loss is given by [3][4]
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3 Information Rate Analysis
The received signals at destination and relay are given respectively by
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where the amplifying factor, which is to keep relay transmit power constant, is given by [1]
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Since there is processing delay inside L1 relays, the CP length will affect the final information rate results. The bias function 
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where 
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 is the FFT size, 
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 is the sample interval and 
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 is the CP length. The bias function is illustrated in Figure 2.
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Figure 2: bias function to reflect the influence of time delay 

3.1  Information Rate of L1 Relays with Normal CP

The “useful” signal power received by destination from source is given by
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The interference signal power received by destination from source is given by
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The “useful” signal power received by destination from L1 relays is given by
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The interference signal power received by destination from L1 relays is given by
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The interference power received by destination from interference is given by
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The noise power received by destination from L1 relays is given by
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The information rate of L1 relays with normal CP is approximately given by
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3.2  Information Rate for the Case of Without Relay

To illustrate the performance gain of L1 relays, the information rate of without relay case is also presented. The information rate for the case of without relay is given by
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4 Numerical Results
The parameters for numerical analysis are given as Table 1 [3] and Table 2.
Table 1: Numerical analysis parameters I
	Parameters
	Values

	Sampling frequency 
	15.36MHz

	length of normal CP
	4.69µs

	ISD
	1732m

	Transmitted power of eNB
	46dBm

	Transmitted power of L1 relays
	30dBm


Table 2: Numerical analysis parameters II
	Parameters
	Values

	Distance between source and relay (L)
	600m

	Processing delay inside L1 relays 
	5µs

	Noise power
	-104dBm

	Npath
	1


The numerical analysis results are depicted in Figure 3. Figure 3 shows that L1 relays with normal-CP outperform the case of without relay in terms of information rate at cell edge.
5 Conclusions

With a simple relay model and a self-interference model, the capability of L1 relays to improve the system capacity is verified. At this stage, L1 relays should be a candidate technology to achieve cell edge throughput improvement. More advanced system simulations are needed to determine whether L1 or L2 relays are a better solution for LTE-A.
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Figure 3: performance comparison for different relay scheme 
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