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1. Introduction

The text proposal on the function and position downlink reference signal has been approved in the current TR [1]. However, reference signal sequence, reference sequence mapping are still an open issue to be discussed and decided.

In this contribution, we give our consideration on downlink reference sequence design and propose a method to generate the reference signal sequence, which is suitable for channel estimation, channel quality measurement as well as initial acquisition.

2. Proposed method to generate reference signal sequence 

According to [1], the downlink reference signal has at least the following functions:

1. Downlink channel quality measurement.

2. Downlink channel estimation for coherent demodulation/detection at the UE.

3. Cell search and initial acquisition.

In order to achieve these functions with high efficiency, the following features are desired for downlink reference signal sequence:

1. Reference signal sequence for larger transmission bandwidth can be deduced from that for smaller transmission bandwidth with a simple method. In this way, a similar reference sequence generator can be used in the transmitter and receiver independent of transmission bandwidth. As a result of it, the complexity of system implementation can be reduced. Assuming that 5MHz is a basic channel bandwidth and the reference sequence for it is denoted by (A, B), where A, B denotes the sequence for the left and right band of transmission bandwidth respectively, Figure 1 shows the reference signal sequences generation for larger transmission bandwidth based on basic transmission bandwidth.

2. It is preferred that downlink reference signal sequence posses good auto- and cross-correlation properties.
3. Some cell specific information i.e., cell ID or part of cell IDs, the number of transmitter antennas, should be included in the reference signal sequence. This way, the burden of SCH design can be reduced and the performance of cell search can be improved simultaneously because the reference signal is transmitted in every sub-frame while SCH can only be transmitted few times considering overhead and TDD system. 
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Figure 1 reference signal sequences generation for larger transmission bandwidth
based on basic transmission bandwidth
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Figure 2 reference sequence generation procedure

The proposed reference sequence generation procedure is as shown in Figure 2. 
Compared the sequence proposed in [2] with the sequence proposed here, the main difference is that an additional differential processing is employed. Assuming the input and output of differential processing is
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 respectively. The differential processing can be described as the following steps:

a. y[0] = C; here C is a constant acted as the phase reference for differential coding.

b. y[k] = x[k] 
[image: image5.wmf]Å

y[k-1], 0<k<N; when x is binary sequence or y[k] = x[k]y[k-1] when x is not binary sequence, 0<k<N



It should be noted that if the first element of x is a constant, then 
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can be act as the phase reference for differential coding and y[0] is not necessary.

The operation of differential processing has the following benefits:

1. The proposed reference signal sequence generation method can be applied to reference signal of any sub-frame in radio frame. While in [4], at least two kind of generation method has to be considered depending on whether P-SCH is multiplexed.

2. Downlink reference sequence can be detected with non-coherent method. Since no channel estimation is necessary, the computational complexity of cell search can be reduced.
3. Cell specific information can be mapped onto reference sub-carrier of any sub-frame in radio frame for proposed method while it can only be mapped onto the reference sub-carrier of the sub-frame on which P-SCH is multiplexed for [4]. In other words, more received reference signal of the radio frame can be utilized for cell specific information detection.

In [2], convolutional coding is employed as example. However, since cell-specific scrambling code cannot be applied in this condition, reference sequence from different cells may be very similar, i.e. (010101011) and (010101010) are cell-specific information of two cells respectively. Thus, we propose orthogonal coding (or pseudo orthogonal coding) should be employed here. For the purpose of illustration, assuming the length of cell-specific information is two, the number of orthogonal sequence available is four. Table-1 lists the output of orthogonal coding corresponding to possible cell-specific information (a phase-rotated orthogonal sequence with constant amplitude is used as an example).

	Output of orthogonal coding
	Possible cell-specific information 
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Table-1 illustration orthogonal coding

3. Reference signal sequence mapping

In many contributions, reference signal is utilized for cell ID detection. In these contributions, cell ID is usually detected by taking the maximum correlation peak between the received reference symbols and reference symbol-replica. However, this detection method may not be applicable under frequency selective channels because the correlation property has been severely destroyed due to the fluctuations of the reference signals in frequency domain. The same concern is shown in [3].

A stagger policy is employed between first reference signal and second reference signal in current TR. To reduce the bad affect of frequency selective channel, we propose that reference sequence be mapped onto the sub-carrier of first and second reference signal by turns. Assuming (x1, x2, x3, x4, x5, x6,x7…) and (y1,y2,y3,y4,y5,y6,y7…) are two reference sequence, there are two possible method of sequence mapping as shown in Figure 3 and Figure 4.
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Figure 3 downlink reference sequence mapping (Scheme 1)
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Figure 4 downlink reference sequence mapping (Scheme 2)

Scheme 1: First reference signal in the current sub-frame and the second reference in the previous sub-frame act as block to be detected. 

Scheme 2: First and second reference signal act as a block to be detected.


Scheme 1 is more robust to the fluctuations of the reference signals in time domain compare to scheme 2 because of shorter distance of the first and second reference signal. 

4. Simulations

In this section, simulations were conducted to test the performance of proposed scheme of reference signal sequence generation. Simulation parameters are given in Table -2. In simulation, we employed a differential orthogonal coding sequence with the length of 100 as the reference sequence (6 bits cell-specific information). The sequence mapping method based on scheme 1 is employed.
	System bandwidth
	5MHz

	Total number of sub-carriers
	300

	Total number of reference symbols per sub-frame
	100

	Channel Model
	TU

	Vehicle speed
	120km/hr

	Number of Tx/Rx antennas
	1/2

	Averaging period for reference sequence detection
	1/2/4 sub-frames.







Table-2 Simulation parameters
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Figure 5 detection performance of downlink reference sequence
Assuming that perfect OFDM symbol timing/ frequency synchronization has been achieved, Figure 5 shows the reference detection error performance with different averaging period. It is shown that 1 % Detection error rate can be achieved at 0 dB when the averaging period is 2 sub-frames. Consider there are 20 sub-frames in a radio frame. There are more than 100 bits cell-specific information can be bored by downlink reference signals. 

5. Conclusions


In this contribution, we give our considerations on downlink reference sequence design and propose a method to generate the reference signal sequencen. Additionally, a method of reference sequence mapping is also proposed which is robust to the fluctuations of the reference signals in time and frequency domain.
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