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1. Summary and recommendation
We continue the recent studies of open loop transmit diversity schemes in correlated scenarios, examining the performance in a spatial channel model at the system level.   We study the application of SFBC and CSD to downlink control channels with 10 and 4 wavelength Node B antenna spacing in an urban macrocellular SCM-E channel [
,
].   We found:
· Transmit diversity can provide about 1 dB or so gain over 1 antenna toward the edge of coverage.  CSD can provide slightly more gain (about 1.4 dB) at the median of coverage.

· CSD performs equivalently to SFBC toward the edge of coverage, and consistently outperforms SFBC in better channel conditions when the methods are applied equally to all cells and an interference cancelling LMMSE receiver is used.  
· The 4 wavelength antenna spacing degrades open loop transmit diversity performance by about 0.5 to 1.0 dB depending on the outage and the OLTD scheme.  In the case of CSD, the losses can be greater if a suboptimal antenna configuration is used.  We found that the use of a simple fixed precoding scheme could provide about 0.5 dB gain for CSD.

These results lead us to recommend:

· Both the interference rejection capability as well as the pure diversity gain should be taken into account when selecting among OLTD schemes.
· The antenna array design should be carefully selected in correlated scenarios, since a suboptimal configuration can cause unnecessary losses in performance.  
2. simulations

We simulated an urban macrocellular SCM-E channel, since a primary candidate for transmit diversity is for macro cells where the range of control channels may be limited or where speeds are high enough such that link adaptation is ineffective. We compare results for CSD and SFBC with 4 and 10 wavelength antenna spacings, and examine the benefit of a fixed precoding for CSD.  The fixed precoding is a simple sum and difference of the two transmitting elements (with normalized transmit power), as in [
].  Detailed simulation results are in the appendix.

The simulations use an interference rejecting MMSE receiver.  Since neighbor cells may be asynchronous and the SFBC transmissions may not be coordinated even in synchronous cells, the receiver only takes into account the correlation between receive antennas, rather than between space time branches.

System level results are given to determine the behavior as a function of coverage.  Effective SINR results are presented at 1% BLER, since this allows finer granularity comparisons than a few MCS states.  The beta values for effective SINR were selected appropriate to the instantaneous channel condition, and a CDF is constructed using the 1% lowest SINR value at each position in the cell.  
We first consider the benefit of a fixed precoding for CSD.  The results are shown in Figure 1 below.
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Figure 1: CSD Performance with 4 Wavelength Tx Spacing, With and Without Fixed Precoding

We can see that this simple sum and difference precoding can consistently improve CSD’s performance.  A fairly consistent 0.5dB gain is observed over most of the outage values.  Note that this simple sum and difference precoding could be implemented with a variety of antenna array designs including RF phased arrays or baseband digital beamforming, and may be Node B implementation specific.  We should note that this design is by no means optimized, but feel that it highlights the fact that conclusions on performance should be made with reasonable antenna array configurations.
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Figure 2: CSD and SFBC Performance with 4 and 10 Wavelength Tx Spacing
Figure 2 above shows the results for CSD and SFBC with the different antenna spacings. First considering the 10 wavelength results, we see that CSD consistently outperforms SFBC.  At the lower outages (say below 10%), both CSD and SFBC have gains over 1 antenna of around 1 db.  However, CSD has better performance at higher CDF points.  At the median, CSD gains about 1.4 dB over 1 antenna, whereas SFBC degrades slightly to about 0.8 dB.  We expect this behavior is due to the better interference properties of CSD.  The lower effective SINRs are more likely to have multiple interferers or be noise dominated, so there is little “directionality” in the interference.  However, at the higher geometries there can be a smaller number of interferers, and since CSD transmissions have a lower spatial rank, a dual antenna LMMSE receiver has a better chance of attenuating this smaller number of interferers.
Note that this better performance at higher geometries can be exploited for control channels that are not solely driven by the worst case user in the cell.  Control channels such as the downlink shared control channel (DL-SCCH) can be adapted to user’s channel conditions, so UEs in good channel conditions will use less DL-SCCH resource than the cell edge users, increasing DL-SCCH efficiency. 

We see a similar trend in the 4 wavelength results.  While both techniques have reduced gain due to the higher antenna correlation, CSD and SFBC are similar at the low outage values, but CSD outperforms SFBC at higher CDF points.  At the lower outages, CSD with fixed precoding and SFBC have gains over 1 antenna of 0.5 dB.  At the higher CDF points, CSD and SFBC gains over 1 antenna are about 1.0 and 0.5 dB, respectively.  We therefore observe that this antenna configuration degrades performance in this scenario by about 0.5 to 1.0 dB, depending on the method and the coverage level.  
We should be careful to point out that the gains may from transmit diversity DL-SCCH will not be proportional to the power reduction.  As mentioned above, link adaptation on DL-SCCH allows UEs in better channel conditions to use less resource, and therefore multi-user diversity gain will reduce the net benefit of open loop transmit diversity.  Furthermore, since common pilots can cost significant amounts of overhead, this should be taken into account before introducing pilots in a cell that does not require the pilots for other purposes (e.g. to support precoding and MIMO).
3. ReferenceS

Appendix: simulation assumptions

	Parameters
	Value
	Remarks

	Bandwidth
	10 MHz
	

	Site-Site Spacing
	 1732 m
	Per Case 3

	Building Penetration
	20 dB
	Per Case 3

	Cell Isolation
	0 dB
	No attenuation of neighbor cells

	UE Speed
	3 km/h
	Per Case 3

	Number of Sectors
	3
	

	Number of Tx, Rx Antennas
	2,2
	

	Node B, UE Antenna Separation
	(4 or 10), 0.5 Wavelengths
	

	Channel Model
	SCM-E Urban Macrocell, 

15( Angle Spread
	System Level SCM-E: 

3 Midpaths

	Usable Subcarriers
	600
	Per 25.814

	HARQ 
	None
	

	Max MCS State
	¾ 64 QAM
	

	Propagation Law
	Loss=128.1+37.6*d; d in km
	Per 25.814

	Lognormal
	8 dB
	Per 25.814

	Receiver Type
	Linear MMSE 

(Interference Rejecting)
	

	Sampling Rate
	15.36 Msamp/s
	Per 25.814

	Channel Estimation
	Ideal
	

	Node B Tx Power
	46 dBm
	

	Serving Cell Selection Hysteresis
	0 dB
	Assumes low mobility

	Scheduler
	Round robin 
	

	Traffic Model
	Full Buffer
	

	Subframes per User Position 
	1000
	

	Number of User Positions
	1000
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