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1. Introduction

In this contribution, we provide system level simulations for Rate Control Multi-Path Diversity (RC-MPD), Per Antenna Rate Control (PARC), Double Space Time Transmit Diversity (DSTTD), and release 99 TxDiv schemes including the reference case with 1 Tx only. The simulations are based on the Spatial Channel Model text (SCM) [1] under the following main assumptions:

· HARQ with Chase combining,

· CQI feedback,

· Urban and Suburban Macro environments defined by the SCM text,

· Standardized transport block format,
· Basic traffic model,
· Real MIMO CIRE estimation,

· Round Robin and Max-Rate schedulers.
We provide also some elements on the MIMO channel capacity and depict the dependency of the number of streams to transmit on the received Ior/Ioc.
2. On the MIMO channel capacity
The MIMO channel capacity gives some ideas on the theoretical performances of the different MIMO schemes including TxDiv schemes. It can be written as (see [7] for example):
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refers to the covariance matrix of the transmitted signal. Obviously, the MIMO channel capacity depends on the signal to noise ratio
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 and on the environment represented by the spatial channel covariance matrix
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. Depending on the MIMO scheme and on the available feedback information (CQI, channel …), the maximization in (1) leads to different formulas:
· TxDiv CL 
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· PARC 
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· RC-MPD 
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· DSTTD:
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Where 
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 is a diagonal matrix that contains the power allocation for each stream (
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 are the MIMO channel matrix eigenvalues in descent order (
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is the number of Tx antennas), and 
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 is the STTD transformation of the channel matrix. For example, for two transmitting antennas:
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In the figures below, we have plotted the different obtained capacities in ideal conditions (no feedback error and delay, low speed, single rayleigh channel, perfect channel estimation) for the (4x4) case.
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Figure 1 : (4x4) MIMO channel capacities for various MIMO strategies
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Figure 2: (4x4) MIMO channel capacities, low SNR area
The maximization over 
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 of the MIMO OL schemes (PARC, RC-MPD, and DSTTD) shows that the solution belongs in general to a set of few values only:

· A stream is active or not active,
· All active streams are equally powered.

For PARC there are 
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 possible power allocations (
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is the number of Tx antennas) while for RC-MPD and DSTTD, there are 
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 possibility. For example, for 4 transmitting antennas, there are 3 possibilities for RC-MPD and DSTTD:

· 
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For PARC, there are 15 possibilities. The number of transmitted streams corresponds to the number of non null elements in
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. Although MPD is not as good as closed loop schemes (MIMO or TxDiv) at low Ior/Ioc, it is better for Ior/Ioc > 5 dB thanks to the delay diversity and the STC encoder.
In the following figure, we have plotted the average number of streams vs. Ior/Ioc. It appears that the number of streams to be transmitted depends mostly on the received Ior/Ioc and a little on the profile. It appears that TxDiv (1 stream only) is clearly suboptimum for Ior/Ioc > 0 dB. In the (4x4) case, the number of optimal streams tends to 4 at 0 dB for MPD and at 10 dB for PARC.
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Figure 3: #streams optimization for RC-MPD and PARC

3. Simulations and results
The parameters used in the simulations are based on the SCM text [1]. They are similar to the parameters taken in [8] except that 100 TTI are simulated per UE instead of 30. The main parameters are summarized hereafter:
3.1. Network topology parameters
Environment type





urban and suburban macro

Distance between base stations

3000 m

Base station configuration



3-sectors
BS antenna type






ULA with 
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omni directional with an antenna gain of -1 dBi

MS antenna type
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Mean angular spread at BS


8 degrees

Path-loss model in dB




urban macro
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suburban macro 
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expressed in meters

Mean Delay Spread





urban macro 0.65 µs












suburban macro 0.17 µs

Inter BS shadowing correlation

0.5

Log normal shadowing STD


8 dB

3.2. Link level parameters

Number of paths













6

Number of sub-paths per path








20

Scheduler type













Round Robin (random)




















Max-Rate (best 10% UE)

User speed















3 km/h

Correlation between angular spread and shadowing

-0.6

Correlation between delay spread and shadowing


-0.6

Correlation between delay spread and angular spread

+0.5

CQI delay















2 TTI (6 slots)

CQI transmission error











Perfect

Feedback delay for CL TxD









2 slots

Feedback error for CL TxD









4%
#TTI simulated per UE











100 (300 slots)

HARQ
















Chase combining

CPICH power














20%

HS-DSCH
power












80%

Mapping table UE category









10 (15 OVSF codes used out of 16)
Receiver algorithm












Space MMSE [8], no ISI cancellation
Channel estimation












Real with delay tracking
Traffic
















Full queue traffic

3.3. Results

The results are shown in the tables below. The results shown in red refers to MIMO schemes (multi-stream transmission), while others transmit one single stream. Two schedulers are tested, the Round Robin and the Max Rate. The Max Rate scheduler is the averaging of the best 10% simulated UE.
	Data rate (kb/s)

RR/MR
	Urban Macro 3 km/h
	Suburban Macro 3 km/h

	
	2x1
	2x2
	2x4
	4x4
	2x1
	2x2
	2x4
	4x4

	Ref. (1 Tx)
	803
1991
	1316
2682
	2002
4249
	821

1844
	1331
2673
	2007
4098 

	TxDiv CL
	925
1997
	1379
2767
	2233
4482
	2067
3666
	846

1768
	1463
3030
	2396
4833
	2155
3980

	DSTTD
	830

1938
	1329
2758
	2074
4013
	2037
4306
	865

1912
	1308
2754
	2204
4250
	1920
4430

	PARC
	NA
	1333
3063
	2321
4983
	2314
5443
	NA
	1307

3253
	2342
4911
	2115
4624

	RC-MPD
	NA
	1402
3346
	2274
4339
	2328
5281
	NA
	1673
3935
	2430
5109
	2609
6377


Table 1: MIMO system level throughput results, RR and MR schedulers
	Data rate

% Gain

RR/MR
	Urban Macro 3 km/h
	Suburban Macro 3 km/h

	
	2x1
	2x2
	2x4
	4x4
	2x1
	2x2
	2x4
	4x4

	Ref. (1 Tx)
	0%

0%
	64%

35%
	149%

113%
	0%

0%
	62%

45%
	145%

122%

	TxDiv CL
	15%
0%
	72%
39%
	178%
125%
	157%
84%
	3%
-4%
	78%
64%
	192%
162%
	163%
116%

	DSTTD
	3%
-3%
	65%
39%
	158%
102%
	154%
116%
	5%
4%
	59%
49%
	169%
131%
	134%
140%

	PARC
	NA
	66%
54%
	189%
150%
	188%
173%
	NA
	59%
76%
	185%
166%
	158%
151%

	RC-MPD
	NA
	74%
68%
	183%
118%
	190%
165%
	NA
	104%
113%
	196%
177%
	218%
246%


Table 2: MIMO system level throughput results, % Gain over the reference case (1x1)
Assuming a mix traffic with 50% urban UE and 50% suburban UE we obtain the following results. A typical scheduler such as the proportional fair that take into account short term radio conditions will be between the Round Robin and the Max Rate depending on how “fair” it is.
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4. Conclusions

Multi-stream transmission MIMO offers clearly better throughput at high Ior/Ioc where the optimal number of streams to be transmitted is in general closed to the number of Tx antennas. Therefore the gain over none multi-stream schemes (TxDiv) is substantial for the Max-Rate scheduler.
MIMO channel estimation quality has a significant impact on the results. A special care should be taken to the CPICH power allocation design; some schemes suffer in the (4x4) case from bad channel estimation. RC-MPD seems to be more robust against channel estimation error.
RC-MPD seems to be promising regarding the performances but also regarding the complexity since it requires a reduce number of CQI feedback compare to PARC. The performances of RC-MPD are clearly better in low delay spread environments. In high delay spread environments, RC-MPD can be enhanced by canceling the inter symbol interference (ISI) at the receiver.
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