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1. Introduction

Relay technologies were proposed to improve coverage and to enhance throughput for LTE-Advanced. At previous meetings, some contributions defined L1/L2/L3 relay [1-3] according to the level where traffic is forwarded. 

What makes L1 relays attractive is that they are low cost, introduce a small delay and have little impact on LTE Rel-8 specifications compared to other types of relay. It is not clear now whether L1 relays or L2 relays should be deployed at the edge of cell:  one concern about L1 relays is the noise and interference amplification, which may significantly affect the throughput of a system with L1 relays. In this contribution, it is shown with a simple model that noise amplification might not be such a significant problem.
2. Information rate analysis of L1 relays
This section gives a simple analysis of the information rate that can be achieved with L1 relays. A simple 1-D model is used, as shown in Figure 1. For reference, the information rate of L2 relays is also computed. The numerical results of this analysis are shown in Figure 2.
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Figure 1: One-dimensional linear relay model
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) [4]. In this figure, 
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 denotes the transmitted signal from X , 
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 denotes the received signal at X, 
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 indicates AWGN for X, and 
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 denotes the noise variance of X. We assume  the following:

· The destination receives the direct signal as noise because of the L1 relay processing delay;
· L1 relays are full duplex;
· Optimal time-sharing factor is set for L2 relays.

Note that a L2 relay cannot be full duplex because it cannot receive and transmit at the same time, due to the decoding delay: the relay transmission has to occur at least one sub-frame after the source transmission. The fact that L1 relays can be full duplex might be a big advantage over L2 relays.
L1 relay receives signal from source during time slot 
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. L1 relay forwards received signal with average power 
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, so that the scale factor is 
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. The destination receives signal from relay in time slot 
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, where the last term, direct signals from source, will be treated as noise. The information rate of L1 relay for i.i.d. fading channels 
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where the index 
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 is removed for convenience and 
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L2 relay receives signal form source in time slot 
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. The information rate of the first hop for i.i.d. fading channel 
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where the index 
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 is removed for convenience.

After decoding and retransmission, the destination receives signal from L2 relay in time slot 
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. The information rate of the second hop for i.i.d. fading channel 
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where the index 
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 is removed for convenience.

When the time-sharing factor is 
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When L2 relay uses optimal time sharing factor between two hops, i.e.
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Let consider a simple example where channels are modelled as 
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; the source to destination distance 
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 is 1,000 meters; the path loss exponent 
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 is 4; the transmit power of source 
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 are -101 dBm (corresponding to 20 MHz bandwidth). Figure 2 shows the information rate that can be achieved according to the relay to source distance. 
As it clearly appears, the capacity achieved by the  L1 relay is quite respectable at cell-edge range （
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m）. This shows that, for this example only, noise amplification is not a major concern. Therefore, the fact that the L1 relays are full duplex can be an advantage over L2 relays. More advanced system simulations with realistic modelling of the environment are necessary to confirm or infirm this observation.
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Figure 2: Information rate vs. relay to source distance
Furthermore, based on the channel quality reported by UEs and L1 relays respectively, the eNodeB can choose optimal frequency scheduling for the users, select the optimal MCS mode, perform optimal interference management solution, and/or optimal power control configuration for the whole eNodeB-relay-UE link. Therefore, these additional gains could further improve total system throughput.
3. Issues of L1 relays
Based on the above analysis of information rate and possible gain sources, L1 relays could be one potential candidate for cell-edge throughput improvement. Unfortunately, two issues of L1 relays should be solved to avoid possible throughput loss.
The first issue is the additional processing delay inside L1 relays. The direct signals and the relay signals will interfere with each other for normal-CP cells. One simple way is to treat the direct signals as noise and only the relay signals are used to perform decoding. The analysis in section 2 is based on this model. In this case, there will be throughput loss. Another straightforward way is to use the extended-CP configuration in normal cells to remove the interference. In this case, both direct signals and relay signals can be viewed as multi-path. However, extended-CP configuration will cause one OFDM symbol loss or at least one-sixth spectral efficiency loss. It is not clear whether or not the additional multi-path diversity gain can compensate for the spectral efficiency loss. System-level simulations are necessary to obtain practical performance gain of the extended-CP solution. 

The second issue is the coupling loop interference between transmitting and receiving antennas within L1 relays. The throughput gain of L1 relays could be reduced by the coupling loop interference. One simple way is to increase RF isolation with directional transmitting antennas, directional receiving antennas and large enough distance between those antennas. Unfortunately, enough RF isolation will result in large device size and increased cost. Another straightforward way is to perform interference cancellation within L1 relays, with the signal from the coupling loop subtracted from the received signals. This would also increase the device size and cost.
4. Conclusions

The analysis with a simple model shows that L1 relays may be useful for cell-edge throughput improvement in some conditions. Further studies are necessary to determine whether L1 or L2 relays should be deployed to improve cell-edge throughput performance.
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