3GPP TSG RAN WG1 Meeting #46






       



R1-062135
Tallinn, Estonia, August 28 – September 1, 2006
Agenda Item:
8.5
Source:
Huawei

Title:
Comparison of downlink transmit diversity schemes with inter-cell interference
Document for:
Discussion 
1 Introduction

In the SI phase of LTE, several kinds of transmit diversity schemes have been studied and recommended for the downlink. Recently, in the email discussion on the email reflector, most companies agree that we should narrow down the candidate schemes. The available options include:
· Block-code based transmit diversity (STBC, SFBC)
· Time (or frequency) switched transmit diversity (or antenna permutation)

· Cyclic delay diversity

· Pre-coded transmission using selected pre-coding vector(s) (including selection transmit diversity)

· Combined space-time (or space-frequency) block code/phase shift diversity
In this contribution, we compare the performance of three different schemes which are typically used for the common control channel in the presence of inter-cell interference. For two-Tx-antenna case, CDD and SFBC are compared; and for four-Tx-antenna case, CDD and Combined SFBC/PSD are compared. PSD (phase shift diversity) is the generalized form of CDD, where the cyclic shift in time domain is replaced by phase shift in frequency domain.  Because TSTD/FSTD (bullet 2) is usually used for SCH and closed-loop transmit diversity (bullet 4) is used for dedicated channel, they are not discussed in this contribution.
It is reported in [4] and [7] that STBC/SFBC underperforms CDD in the presence of co-channel interference. The reason for this conclusion is because only the suboptimum receiver for STBC/SFBC is used in their simulation. STBC/SFBC has an orthogonal structure in time or frequency, if this characteristic is utilized when doing interference suppression, STBC/SFBC can provide superior performance than CDD especially in correlated channels.
Simulation results provided in the next sections shows that:
(1) With no inter-cell interference, SFBC and combined SFBC/PSD outperform pure CDD by about 0.3~0.5dB.
(2) With inter-cell interference (Ior/Ioc=3dB) and uncorrelated channel, SFBC and combined SFBC/PSD outperform pure CDD by 0.3~0.4dB.
(3) With inter-cell interference (Ior/Ioc=3dB) and correlated channel (SCM-C), 2x2 SFBC outperforms 2x2 CDD by 0.9dB and 4x2 combined SFBC/PSD outperforms 4x2 CDD by 1.5dB.
2 Performance comparison without inter-cell interference
In previous RAN1 meetings, we have provided lots of simulation results comparing the performance of CDD and SFBC [1][2]. In all the scenarios, SFBC shows better performance than pure CDD. Because the rate 1 SFBC exists only if the transmit antenna number equals two, so with four transmit antennas, the combined SFBC/PSD scheme is recommended to maintain the full rate property. It has been also shown in our previous contribution [3] that the combined SFBC/PSD scheme also outperforms pure CDD in all the scenarios. The transmission scheme of combined SFBC/PSD is illustrated in Figure 1.
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Figure 1 Transmission scheme of combined SFBC/PSD
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 can be viewed as the corresponding cyclic delay value in time domain. However, unlike CDD, for combined SFBC/PSD the phase shift on transmit antenna 2 and 4 varies every P subcarriers.  We define P as the phase shift interval of PSD.
Figure 2 provides the performance curves of CDD, SFBC and combined SFBC/PSD with two and four transmit antenna respectively in uncorrelated TU channel. The detailed simulation parameters can be found in section 5. It can be seen that SFBC/SFBC+PSD shows 0.3~0.5dB gain over pure CDD. The performance difference will be even larger as channel coding rate increases. 
To evaluate the performance of different schemes more accurately, we need to study performance in correlated channel. Figure 3 shows the performance difference of the three transmit diversity schemes in correlated channel. The SCM-C channel model defined in TR25.814 is used for evaluation. The UE velocity is also set as 30km/h.
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Figure 2 BLER Performance comparison between CDD, SFBC and combined SFBC/PSD for different transmit antenna number in TU30 channel without antenna correlation. 1/2  and 1/3 Turbo code is used with QPSK modulation. No inter-cell interference is considered.
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Figure 3 BLER Performance comparison between CDD, SFBC and combined SFBC/PSD for different transmit antenna number in SCM-C channel with 30 km/h UE velocity. 1/2  and 1/3 Turbo code is used with QPSK modulation. No inter-cell interference is considered.

It can be seen from Figure 3 that SFBC/SFBC+PSD scheme still outperforms pure CDD by about 0.3~0.5dB. But the performance gain achieved by increasing the transmit antenna from 2 to 4 decreases in correlated channel compared with in uncorrelated cannel.
3 Performance comparison with inter-cell interference
In this section, we study the performance of the three schemes mentioned above with two and four transmit antennas respectively in the presence of inter-cell interference. As in [4], it is also assumed that one dominant interferer exists with Ior/Ioc equals 3dB. Here Ior is defined as the total received signal power and Ioc is defined as the total received interference power. The noise power is not included in Ioc. LMMSE is used for interference suppression. When we estimate the channel information of interference, both ideal and real estimation are used to investigate the effect of interference estimation on different transmit diversity schemes.
The received signal with a symbol synchronized inter-cell interference can be denoted as:
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Here, 
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 is the receive signal vector, X is the desired signal vector, Z is the interference signal vector, N is white noise vector. H and G is the channel matrix of signal and interference respectively. Here in this contribution, two receive antennas are assumed.
For CDD, equation (1) can be illustrated as:
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Here m is the transmit antenna number. 
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 is the cyclic delay on the ith transmit antenna and k is the subcarrier index.
For SFBC, the receive signal on the two neighboring subcarriers can be written as:
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Equation (3) can be further revised into:

[image: image11.wmf]÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

+

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

*

22

21

*

12

11

2

1

*

21

*

22

22

21

*

11

*

12

12

11

2

1

*

21

*

22

22

21

*

11

*

12

12

11

*

22

21

*

12

11

n

n

n

n

z

z

g

g

g

g

g

g

g

g

x

x

h

h

h

h

h

h

h

h

y

y

y

y

                                  (4)
Similarly, for combined SFBC/PSD, equation (1) can be illustrated as:
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Where 
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 is the corresponding combined channel of interference, which have a  similar form as
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The estimated signal of a LMMSE receiver is: 
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Here 
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 is the weight of LMMSE filter which can be calculated as:
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Here 
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 is the covariance matrix of interference plus noise. Note that in our contribution, the 4x2 
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 and 
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 matrix and 4x1 received signal vector 
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 in equation (4) and (5) are used for interference suppression for SFBC and combined SFBC/PSD. However, in [4] and [7], the 2x2 
[image: image28.wmf]H

 and 
[image: image29.wmf]G

 matrix and 2x1 received signal vector 
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 in (3) is used for SFBC. That is, the orthogonal structure of SFBC is not utilized. This suboptimum receiver will deteriorate the performance of SFBC!
In the next subsections, we study the performance of those transmit diversity schemes with ideal and real estimation of
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.
3.1 Ideal estimation of the interference
By assuming the channel of interference can also be ideal estimated, the covariance matrix R can be calculated as:
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Pz is the power of interference signal and 
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 is the power of noise also denoted as N0. Note that for SFBC and combined SFBC/PSD, the equivalent 4x2 channel matrix is used. The phase shift interval P of combined SFBC/PSD is set to 2 subcarriers to achieve maximum diversity.
It is claimed in [4] that, with two receive antennas; UE cannot suppress the two interferers of SFBC. However, if the 4x2 equivalent channel of SFBC is used, it can be viewed that UE has four receive antennas. Therefore, with the degrees of freedom equals four, the two interferers of SFBC can be suppressed!
Figure 4 shows the performance of CDD and SFBC/SFBC+PSD with ideal estimation of the interference channel.
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Figure 4 BLER Performance comparison between CDD, SFBC and combined SFBC/PSD for different transmit antenna number in TU30 channel. 1/2  and 1/3 Turbo code is used with QPSK modulation. Inter-cell interference is considered with Ior/Ioc=3dB. LMMSE is used for interference suppression assuming the channel of interference is ideally estimated.
It can be seen from Figure 4 that SFBC and combined SFBC/PSD outperforms pure CDD about 0.3~0.5dB.
3.2 Real estimation of the interference
In the real system, because the channel state information of interference is not available at the UE, the covariance matrix R needs to be estimated as have pointed out in [5] and [6]. In our simulation, we estimate R using the same method as in [5]:
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Also note that, For SFBC/SFBC+PSD, the transformed 4x1 receive signal vector Y and 4x2 channel matrix H is used for estimation. The estimated R matrix can be averaged over both frequency and time. Because CDD reduces the coherent bandwidth greatly therefore average length over frequency is limited as pointed out in [5] and [6]. In our simulation, averaging for CDD is done over 6 OFDM symbols and 5 subcarriers. And the averaging for SFBC/SFBC+PSD is done over 6 OFDM symbols and 10 subcarriers. When simulating combined SFBC/PSD, the phase shift interval of PSD is set to 10 subcarriers to enable frequency domain averaging. 
The performance comparison with real estimation of interference is provided in Figure 5 with both correlated and uncorrelated channel. It can be seen from Figure 5 that with uncorrelated TU channel, SFBC/SFBC+PSD outperforms pure CDD by about 0.3~0.4dB. While in SCM-C channel, 2x2 SFBC exceeds 2x2 CDD by about 0.9dB, and 4x2 combined SFBC/PSD exceeds 4x2 CDD by about 1.5dB. This can be explained as with antenna correlation, the channel rank of the SFBC interferer is smaller than 2, the interference suppression of SFBC works better. 
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Figure 5 BLER Performance comparison between CDD, SFBC and combined SFBC/PSD for different transmit antenna number in uncorrelated TU and correlated SCM-C channel. UE velocity is 30km/h. 1/3 Turbo code is used with QPSK modulation. Inter-cell interference is considered with Ior/Ioc=3dB. LMMSE is used for interference suppression with real interference estimation.
4 Conclusion
Based on the simulation results in this contribution, we make the following conclusions:
For the common control channel, SFBC (2 Tx ant) and combined SFBC/PSD (4 Tx ant) outperforms pure CDD for all the scenarios. With inter-cell interference and correlated channel the performance gain of SFBC and combined SFBC/PSD over pure CDD can amount to 1.5dB. Therefore, it is concluded, for the control channel, SFBC (2 Tx ant) and combined SFBC/PSD (4 Tx ant) should be adopted.
5 Simulation Parameters

The simulation parameters are listed in Table 1.
Table 1 Simulation parameters

	Transmission BW
	5MHz

	Carried frequency
	2GHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	300

	Number of OFDM symbols per TTI
	7

	Number of data OFDM symbols per TTI
	6

	Channel Estimation of channel from serving Node B
	Ideal

	Channel coding/decoding
	Turbo code r=1/2 and 1/3 / 
Max-Log-MAP decoding with 8 iterations

	Modulation
	QPSK 

	Channel environments
	Typical Urban / SCM-C

	Antenna configuration
	2x2, 4x2

	Receiver algorithm
	LMMSE
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