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1. Introduction

The necessity for PUSCH open-loop transmit diversity for Rel. 10, in addition to the existing single antenna-port transmission and closed-loop SU-MIMO, have been discussed in previous RAN1 meetings [1 -14]. However, consensus is yet to be reached. The schemes proposed for PUSCH open-loop transmit diversity include STBC, SFBC, its variants and rank-1 techniques like FSTD, CDD etc. The single antenna port mode and SU-MIMO rank-1 operation can also be seen as rank-1 open-loop and closed-loop precoding techniques respectively [7]. 

A top-down FSTD scheme where switching happens at the PRB boundary can also be seen as a form of single antenna port transmission or rank-1 transmission. As long as the eNodeB performs estimation and equalization independently for each PRB, eNodeB sees only single antenna transmission but a different channel condition in the “down” PRBs. Therefore, in this contribution we have chosen a top-down FSTD as a representative for rank-1 schemes and compared it with STBC technique in interference limited scenarios. 

Interference limited scenarios require MMSE interference suppression at the eNodeB to improve the cell-edge throughput performance. The construction of such receivers requires estimates of channel and interference covariance matrix, Rii. The following discussion and simulations compares FSTD (rank-1) and STBC from an interference suppression perspective and shows that STBC is not compatible with MMSE interference suppression. STBC kind of techniques also require different transmission schemes in a subframe, making it messy and complicated in handling orphan symbols [2].

Even though the results presented here consider PUSCH, the arguments of channel estimation and interference covariance estimation that follow, remain valid for PUCCH formats also.

2. STBC

For the following discussion, we assume two transmit antenna demodulation reference signals are cyclic shift (CS)/CDM multiplexed.

In STBC, interference structure seen in reference signal is different from the ones seen in the data due to space-time block coding present in the data. This means that with CS reference signals, interference covariance in data cannot be estimated from reference signals.
Also, the accuracy of interference covariance in-turn depends on the accuracy of channel estimates. STBC reference signal SIR will be half of that of rank-1 reference signal SIR [1]. (If a frequency interleaved mapping of Tx reference signals is used, it will reduce the reference signal density to half of that of rank-1. Moreover, frequency interleaved mapping may destroy the CM properties of Rel8 reference signals). This will degrade the quality of channel estimates when using STBC. This means that rank-1 will give a better covariance estimate due to better channel estimation. Due these reasons STBC is not suited for interference suppression MMSE receivers.

The same arguments apply to other block coding schemes similar to STBC like SFBC, M-SFBC.

3. FSTD (Rank-1)

In FSTD, which is a form rank-1 scheme, the receiver sees one virtual Tx antenna. The interference structure seen on reference signals and data are identical for FSTD and Rii estimated from reference signals will reflect the Rii seen on data. Thus FSTD is suitable for interference suppression MMSE receivers. Also, Rii estimation accuracy is increased due to improved reference signal SIR.
4. Link Simulation Results

The simulation parameters and results are provided in appendix-1 and appendix-2 respectively. 

All interferers are of the same type as the UE's transmission. The interference is added by assuming a certain Co-channel interference (cci) profile and ratio of the strongest interferer to the white noise (Io/N). The white noise models the sum of interference from all the weak interferers and thermal noise. For example a cci profile of [0 -3 -6] dB implies there are three strong interferers with the first interferer being 3dB and 6dB stronger than the second and third interferers. An Io/N = 10dB further implies that the first, second and third interferers is 10dB, 7dB and 4dB stronger than the white noise floor. The interference and noise is scaled relative to the signal of interest so as to obtain different SINR values. The cci profiles used are mentioned in the figure titles and Io/N in the legends.

STBC was simulated without pairing problem (no SRS).

Table 4.1 and 4.2 summarizes the SINR values for which BLER becomes 0.1 for FSTD and STBC. For detailed results refer appendix-2. From the tables it can be seen that FSTD, due to its interference cancellation compatibility, provided gains over STBC ranging from 2dB to 4dB under the interference profiles considered.

	Table 4.1: 2x2 configuration -  SINR for BLER = 0.1

	Sl no:
	cci profile (dB)
	Io/N (dB)
	FSTD(dB)
	STBC

	1
	[0]
	4
	-2.3
	0.0

	2
	[0]
	6
	-2.9
	0.1

	3
	[0 -3]
	6
	-2.5
	-0.4

	4
	[0 -3]
	9
	-3.0
	-0.4


	Table 4.2: 2x4 configuration -  SINR for BLER = 0.1

	Sl no:
	cci profile (dB)
	Io/N (dB)
	FSTD (dB)
	STBC (dB)

	1
	[0]
	4
	-7
	-3

	2
	[0 0 0]
	4
	-5.4
	-2.8


5. Conclusion

It is shown that STBC (and similar block coding schemes) is not compatible with interference suppression whereas rank-1 or single antenna port transmission is compatible for interference suppression. For PUSCH, the results shows that in interference limited scenarios rank-1 transmission outperforms STBC due to its ability to perform interference suppression. 

In the case of PUCCH also, STBC and similar block coding schemes are likely to suffer in high interference scenario due to its estimation issues (channel and covariance). Since there will be significant number of users experiencing low SINR conditions, the performance in these scenarios would be an important criteria for PUCCH transmit diversity. Therefore, the interference limited performance of different PUCCH transmit diversity schemes under consideration should be studied considering all practical estimation issues.
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Appendix-1

Table 1 – Simulation parameters

	Channel bandwidth 
	10MHz

	Sampling frequency 
	15.36MHz

	IFFT size
	1024

	Sub-frame size
	1ms

	Data bandwidth
	4 localized PRBs

	Frequency hopping
	No

	Channel model
	TU channel 

	Channel correlation (Tx, Rx)
	(0,0)

	Modulation
	QPSK

	Channel coding
	Turbo code, coding rate=1/3

	Antenna configuration
	2x2, 2x4

	Channel estimation
	Realistic

	Interference covariance estimation
	           Realistic

	UE velocity
	3km/h

	Frequency domain equalization
	LMMSE
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