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1. Introduction
Relay is taken as one of key techniques in LTE-Advanced. In 3GPP RAN1 #56bis conference (March 2009), Type II relay has been specified and supported as a candidate LTE-A relay technique [1-3]. The definition of Type II relay is defined as follows:
· Type II relay should not have a separate cell ID and thus would not create any new cell(s)
· The type II relay should be able to relay to/from release 8 UEs
· At least a release 8 UE should not be aware of the presence of a type II relay
Since the Rel-8 UE can not be aware of the presence of a type II relay, the cooperative transmission between eNB and relay node (RN) can provide some performance gain under some scenarios. The radio frequency (RF) combining is a simple method to fulfill the cooperative transmission without any impacts on the legacy Rel-8 UEs. However, since the phases of the channel coefficients between eNB to UE and RN to UE are not the same (as shown in Figure 1), thus it may not guarantee the performance gain by directly combining the signals from different nodes together under some situations.
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Figure 1 The different situations for direct RF combining
In this contribution, we provide a precoded cooperative transmission scheme for Type II Relay. In this contribution, the transmitted data will be rotated by the precoding matrix calculated by the channel estimation results of both the eNB to UE and RN to UE links. After that, UE will receive a combined data and run RF combing for demodulation, which can improve the system performance greatly.
2. Precoded Cooperative Transmission Scheme
The whole procedure to implement the precoded transmission scheme between eNB and RN will be controlled by eNB periodically. Before running the cooperative transmission, RN is supposed to overhear the desired data for a certain UE. In order to guarantee the performance of the cooperative transmission, the precoding matrix multiplied on the transmitted data should be update periodically. Here we suppose that the periodic time equals to K/2 TTI. 

Now we begin to introduce how to fulfill the precoded transmission scheme, whose detailed structure is shown in Figure 2. Here a continuous time frequency resources are divided into 
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 resource blocks (RBs) in frequency domain and 
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 RBs in time domain. Suppose each RB includes 12 subcarriers, then a fixed 
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 is used to multiple on the transmitted data. Here 
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 is varied by each block and can be expressed in 
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Here the method to get item 
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 will be discussed later. The value of 
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 will be updated by every K/2 TTI (equals to 
[image: image13.wmf]K

 RBs) based on the estimated channel information before running cooperative transmission. 
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Figure 2 The detailed structure for precoded transmission
Then we begin to introduce the calculation of item 
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 for each block. Before cooperative transmission, the eNB is supposed to know the channel information of the eNB-UE and RN-UE links. To be simplicity and resource saving, the channel information to acquire 
[image: image16.wmf],

ij

a

w

 will be updated by each block. Here we suppose the two continuous block share the same channel, which means the channel estimation results of the first block can be used for the calculation of the precoding matrix for the next block. Here we suppose the channel information remain quasi-statistic in one block and define 
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 as the channel information for eNB to UE link about Block (i, j), while 
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 for RN to UE link. To fulfill the rotation on the transmitted data, there are two methods to implement with the same performance. 
For the first way, we multiple the precoding matrix on the transmitted data of eNB, under this way 
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 on each subcarrier can be expressed in
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Here 
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 is used to indicate the subcarrier number in each block. It is easily to find that 
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 is the linear interpolation results for the 
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 values in nearby blocks in frequency domain. 
For the second way, we can multiple the precoding matrixes both on the transmitted data of eNB and RN. Under this way, there are two 
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, respectively. Then every item 
[image: image29.wmf],

ij

a

w

 on each subcarrier for eNB and RN precoding matrix remains the same calculation method as (2).
Under this scheme, the precoding process will rotate the two link channel coefficients and make it into the similar phase with the RN–UE channel, which enhance the RF combining effect greatly. 
Here we need to emphasis that, our precoded RF combining scheme will focus on the TDD mode with its reciprocity property to obtain the CSI of RN-UE link.
3. Simulation Results
We have provided the simulation results for 
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 system, original RF combining and our proposed precoded RF combining, respectively. The transmission power under different simulation scenarios has been normalized and the 3GPP SCME channel with fixed parameters is applied in simulations. Here the frequency length for each block is set to be 1 RB, while the time domain block length is set to be 2 RBs (1 TTI) or 20 RBs (10 TTI) for comparison. The detailed parameters are shown in Table 1.
Table 1 Simulation parameters and assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz (FFT size N=1024)

	Modulation
	QPSK 

	Spatial Channel model
	3GPP SCM

	Transmission configurations
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, Original RF Combining, Precoded RF Combining

	Velocity
	3kmph, 30kmph

	Channel Estimation
	Perfect Channel estimation

	Time domain block length (update period)
	1 TTI / 10 TTI

	Frequency domain block length
	1 Resource Block (12 Subcarriers for Normal CP)


Figure 3 (a) and Figure 3 (b) show the BER performance of 
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 system, original RF combining and our proposed precoded RF combining. Because of the phase differences between channels for eNB-UE and RN-UE, the original RF combining scheme can not achieve performance gain. With our precoded structure, the precoded RF combining method can enhance the BER performance significantly. Besides, the performance with 10 TTI length block is close to 1 TTI length, especially under low velocity. That means a long update period will not deduce the performance gain of our method. 
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Figure 3(a) BER Performance for 3kmph (No Channel Coding)
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Figure 3(b) BER Performance for 30kmph (No Channel Coding)
Based on the simulation results and the discussion above, our precoded cooperative transmission can be applied to improve RF combining demodulation performance when introducing cooperative Type II relay for Rel-8 UEs.
Here we need to emphasize that, it is also easily to expend this precoded cooperative transmission scheme among group of eNBs or RNs. For cooperative transmission between eNBs, it can be applied for coordinated multipoint Tx/Rx (CoMP) by multiplying precode on the transmitted data of each eNB. For cooperative transmission between RNs, the transmitted data should be overheard firstly, and then rotated by the precode to achieve high performance gain. When more than two nodes are introduced in to implement the cooperative transmission, more enhancements can be acquired from our precoding scheme by rotating all the channel coefficients of different links into the same phase. 
4. Conclusion
In this contribution, we provide a precoded cooperative transmission scheme for Type II Relay. For the original cooperative transmission, the RF combining can not guarantee the performance gain since the eNB-UE and RN-UE channel have different phases, which may deduce the combined channel gain. Our precoded cooperative transmission scheme can overcome this problem and achieve great performance gain for Type II relay with complete backward compatibility for Rel-8 UEs. Besides, our scheme can also expend to Type I Relay and CoMP by implement the precoding scheme on each eNB and RN, which will bring performance gain significantly. 
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