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1. Introduction
Type II relay has been specified and supported in [1] as part of LTE-A relay technologies in RAN1-56bis. In this contribution, it uses a one-dimensional linear relay model to analysis whether cooperative type II relay can improve the information rate in macro cell. The results show that cooperative type II relays have 30%~50% throughputs gain compared with normal two-hop relay (non-cooperative Type II Relay).

2. Capacity analysis

Here we consider a simplified 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

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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Assume the signal is directly transmitted from source to destination, the information rate of the direct link for i.i.d. fading channel 
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In other case, if in the second hop, the source both transmits the same information as relay to destination, the combined information rate of the direct link of the second hop for i.i.d. fading channel 
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Therefore, the information rate 
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 between source and destination without relay can be given as
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When the time-sharing factor between first and second hop is 
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, the final achievable information rate 
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 between source and destination can be given as
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When L2 relay uses optimal time sharing factor between two hops, i.e.
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, the upper bound (11) of 
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Similarly, the final achievable information rate 
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between source and destination with coordination reception in first and second hop can be given as, where the source-to-relay and relay-to-destination have two independent channels.
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The final achievable information rate 
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between source and destination with coordination reception in first and second hop, and coordination transmission of source and relay in second hop can be given as
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3. Numerical results

The wireless fading channel, 
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where 
[image: image46.wmf](

)

n

h

ID

, 
[image: image47.wmf](

)

n

h

IR

 are implicit modeling for simplicity.
The parameters for numerical analysis are given as Table 1. For this analysis, it is assumed that a relay is located at 750 meters and 850 meters from the source. The destination location is varied from 800m to 1000m.
Table 1 Numerical analysis parameters
	Parameters
	Values

	ISD
	1732m

	Transmitted power of eNB
	46dBm

	Transmitted power of L1 relays
	30dBm

	Distance between source and relay (L)
	750m, 850m

	Noise power
	-104dBm

	Macro to UE path loss
	128.1+37.6log10(L)

	Macro to relay path loss
	124.5+37.6log10(d)

	Relay to UE path loss
	140.7+36.7log10(L-d)


The numerical analysis results are depicted in Figure2 and Figure 3. As it clearly appears, the throughput achieved by the relaying is quite respectable when relay locates at cell-edge range (L=850m in Figure 3). In macro cell, coverage of relay with 30dBm transmission power is limited to 150m, otherwise the permissible transmission rate would be lower than which of direct source-destination link. Compared with the case of normal two-hop relay, the results show that cooperative relays perform much well both in different location scenarios. In the scenario of relay 850m-location, the normal two-hop relay has 10%~20% throughput gain, but cooperative relays have 30%~50% gain. In another scenario of relay 750m-location, the cooperative relays have 20%~30% gain even normal two-hop relay has nothing. In Figure 2 and Figure 3, it also illuminates that cooperative transmission scheme could not achieve the additional improvement compared to cooperative reception scheme.
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Figure 2 Performance comparison for different relay scheme
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Figure 3 Performance comparison for different relay scheme

4. Conclusion

Relaying is considered for LTE-Advanced as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas. In this contribution, it uses a one-dimensional linear relay model to analysis whether cooperative type II relay can improve the information rate in macro cell. The results show that cooperative type II relays perform well compared with the case of normal two-hop relay. Cooperative relaying is a recommended technology to achieve cell edge throughput improvement for LTE-Advanced.
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