
TSG-RAN WG1 #45
R1-061249
Shanghai, China, May 8-12, 2006
Source:
Huawei
Title:
Benefits of the generalized CSD scheme in E-UTRA
Agenda Item:
11.1.5
Document for:
Discussion
1. Phase Shift Diversity – the generalized CSD scheme 

It was decided at the RAN WG1 #44bis meeting to adopt cyclic shift diversity (CSD) as the baseline for the simulations of the unicast data channel and the control channel. Also, for Node B’s with more than two transmitter antennas, CSD is proposed to be used in combination with space frequency block codes (SFBC) for control, dedicated data and MBMS channels. However, as is described in the Appendix, due to the necessary requirement of the Alamouti block code of a constant channel over block code length of two, CSD can not be combined with SFBC. But with a simple generalization of CSD using the frequency domain description, this problem can be solved.

Furthermore, due to channel multiplexing of either multiple CSD encoded channels or a CSD encoded channel and a non-CSD encoded channel, a description of CSD in the frequency domain is more desirable and resembles the practical implementation, than to describe the cyclic shift of each channel in the time domain. 
Therefore, we suggest a generalization of the CSD scheme describing it as a phase shift sequence 
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 in the frequency domain and denote the generalized scheme phase shift diversity (PSD). With this description, all suggested schemes can be described by stating the corresponding phase sequence for each transmit antenna, see Figure 1. 
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Figure 1 Phase Shift Diversity - the generalized diversity scheme

The frequency domain representation of CSD is easily obtained due to the discrete Fourier transform relation of frequency domain phase shift and time domain time shift. Hence, CSD is obtained by multiplying the symbol at subcarrier 
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 for transmit antenna
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The selection of the frequency 
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 is a design parameter which corresponds to the time delay in the time domain representation. Since the phase changes every subcarrier in (1), the equivalent channel after CSD encoding will not be suitable for combination with SFBC, since it requires a constant channel over two adjacent subcarriers. This is shown in more detail in the Appendix where it is also shown that the phase sequence defined as
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(2)
solve the problem of combining SFBC with cyclic shift diversity. The performance of using this selection was given in [3] and in [5].
2. Further benefits of using the generalized scheme
In this section we discuss some further benefits of the generalized description of transmit diversity in frequency domain instead of time domain. Multiple physical channels can be multiplexed in a subframe, including share data channel, reference signal channel, control channel, synchronization channel, broadcast channel and etc. CSD is proposed to be used as transmit diversity schemes for all these channels in [1]. However, when CSD is used, multiple IFFT transformations might be needed to generate one OFDM symbol, which increases the computational complexity especially when system bandwidth is large. Therefore, it is more likely that the CSD encoding will be made in the frequency domain prior to IFFT. Therefore, it is better to directly describe this diversity method in the frequency domain in the eventual E-UTRA standard. 
Here follows some examples when there is a need to multiplex a CSD encoded and a non-CSD encoded signal in the same symbol and where a frequency domain description of the transmit diversity is desirable.
· Multiplexing with the shared data channel
For the shared data channel, when the CSD encoded data are multiplexed with non-CSD encoded data (e.g. spatial multiplexing, STBC or SFBC encoded) in a subframe, these two kinds of data needs to be separately IFFT transformed. After IFFT transformation, the CSD encoded data is cyclic shifted and added with the non-CSD encoded data before CP is added. When CSD is used for scheduling gain [2], the data of different users needs to be separately IFFT transformed because the shift values are user specific. A description of the phase sequence for each channel is more compact.
· Multiplexing with the reference signal channel
The reference signal will appear in two OFDM symbols in a subframe, it could be multiplexed with control signaling or user data. It has been assumed that the reference signal will not be CSD encoded. Therefore, when FDM multiplexed with other CSD encoded channels in one OFDM symbol, multiple IFFT transformations are needed. 
· Multiplexing with synchronization channel and broadcast channel
In time domain, SCH and BCH are transmitted one or multiple times every 10-ms radio frame. In frequency domain, SCH and BCH are transmitted in the center part of the overall transmission bandwidth with constant bandwidth of 1.25MHz regardless of the system bandwidth. Since SCH and BCH occupy only small bandwidth, other channels will be multiplexed with SCH or BCH in the remaining bandwidth. When CSD is applied to SCH, there is a large probability that multiple IFFT transformation will be needed due to different CSD time shifts of the SCH channel and the other channels.
3. Conclusion
According to the discussion above, PSD can be viewed as a generalized form of CSD. PSD is compatible with SFBC and can avoid the extra complexities caused by multiple IFFT transformations when CSD is applied. It is proposed to replace CSD in the current TR [4] by PSD. A text proposal for this change can be found in [5].
Appendix

The combined space-time frequency code/cyclic shift diversity technique (SFBC/CSD) has been agreed in [1] as a candidate transmit diversity scheme for control channel with 4 transmit antennas. In this appendix we show that a description in the frequency domain is necessary for this combined mode. 

The transmission scheme of combined SFBC/CSD is illustrated in Figure 2.
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Figure 2 Transmission scheme of combined SFBC/CSD
Assume one receive antenna, the received signal of SFBC+CSD on subcarrier k and k+1, for k is even, can be denoted as:
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where 
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 is the frequency channel coefficient of subcarrier k on antenna i.
To maintain the orthogonality of SFBC, it is required that:
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Because the subcarrier spacing is smaller than the coherent bandwidth of the channel, it can be viewed that 
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. Then, equation (5) and (6) can be satisfied if and only if:
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this implies that the cyclic shifts
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However, when the cyclic shift equals zero, no frequency diversity can be obtained. Therefore, if the sequence in (2) 
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 is used, the criteria (5),(6), for maintaining orthogonality becomes
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which is satisfied for arbitrary 
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 under the assumption that k is even and 
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. See the performance evaluation of this scheme in [3].
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