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1. Introduction

In this contribution, we provide system level simulations for Rate Control Multi-Path Diversity (RC-MPD) and Per Antenna Rate Control (PARC) 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.
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Figure 1 : MPD general transmission scheme for two transmitting antennae

2. Receiver description
We recall that MPD is a multi streams MIMO transmission scheme, it combines delay diversity with the Alamouti space time code (R’99 open loop TxD scheme) as shown in figure 1. The number of transmitted streams is equal to the number of transmitting antennas as in BLAST. More details about MPD can be found in [2, 3, 4].

We propose to use a symbol level MMSE space equalizer as shown in the figure below. The algorithm is generic and applied for both PARC and RC-MPD. 


[image: image2]
Figure 2 : General MIMO receiver structure
The space MMSE is performed every symbol period. Therefore, we implicitly neglect inter symbol interference. We recall that RC-MPD suffers more from inter symbol interference than PARC. The received signal can be written as follows:
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The column vector 
[image: image4.wmf]s

 contains the whole set of symbols transmitted on all OVSF codes and all antennas during the same symbol duration, 
[image: image5.wmf]A

 contains the set of signature waveforms (convolution of the MIMO channel with the spreading codes). In [4], we proposed two approaches to solve this latest system, MMSE and SDP. In this contribution, we use MMSE as a simple algorithm:
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The noise variance is in general estimated simultaneously with the channel estimation. The CQI selection done by the handset is based on the SINR estimation. The SINR estimation of the symbol transported on the i-th stream is given by:
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Where 
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 refers to the i-th column of 
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.

The can be approximated by:
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Where 
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 refers to the channel matrix, assuming two transmitting antennas:
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Note that this SINR definition does not take into account channel estimation error. Obviously for RC-MPD, the SINR is identical for the two streams that share the same pair of antennas. Once the SINR is estimated, the CQI is transmitted according to a lookup table. This table has been optimized empirically in order to have a FER target as close as possible to 15%. It may be subject to further optimization. The CQI value varies from 1 to 30. The corresponding transport block format is given in the CQI mapping table (see table 1 below [5]). 
	CQI value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation

	1
	137
	1
	QPSK

	2
	173
	1
	QPSK

	3
	233
	1
	QPSK

	4
	317
	1
	QPSK

	5
	377
	1
	QPSK

	6
	461
	1
	QPSK

	7
	650
	2
	QPSK

	8
	792
	2
	QPSK

	9
	931
	2
	QPSK

	10
	1262
	3
	QPSK

	11
	1483
	3
	QPSK

	12
	1742
	3
	QPSK

	13
	2279
	4
	QPSK

	14
	2583
	4
	QPSK

	15
	3319
	5
	QPSK

	16
	3565
	5
	16-QAM

	17
	4189
	5
	16-QAM

	18
	4664
	5
	16-QAM

	19
	5287
	5
	16-QAM

	20
	5887
	5
	16-QAM

	21
	6554
	5
	16-QAM

	22
	7168
	5
	16-QAM

	23
	9719
	7
	16-QAM

	24
	11418
	8
	16-QAM

	25
	14411
	10
	16-QAM

	26
	17237
	12
	16-QAM

	27
	21754
	15
	16-QAM

	28
	23370
	15
	16-QAM

	29
	24222
	15
	16-QAM

	30
	25558
	15
	16-QAM


Table 1 : CQI mapping table for UE category 10
3. Simulation parameters
The parameters used in the simulations are based on the SCM text [1].

3.1. Network topology

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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10

spacing,
MS antenna pattern





omni directional with an antenna gain of -1 dBi,
MS antenna type






ULA with 
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5

.

0

spacing,
Mean angular spread at BS


8 degrees,
Path-loss model in dB




urban macro
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 expressed in meters,
Inter BS shadowing correlation

0.5,
Log normal shadowing std


8 dB.
The handsets are distributed uniformly in the middle of the network in order to avoid border effects. The base stations antenna pattern is given by:
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According to these parameters, we generate the CDF of the received Ior/Ioc for the urban macro environment as an example:
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3.2. Link level parameters

Number of paths













6

Number of sub-paths per path








20

Scheduler type













round robin (random)

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

Feedback delay













2 TTI (6 slots)

Feedback error













perfect

The channel varies from slot to slot according to the spatial channel model based on the mobile speed. Every stream transports independent data coded separately according to each CQI estimated, reported by the MS, and applied at the BS after a delay of 2 TTI (6 slots). The same frame can be transmitted again if not decoded correctly. In this case, the demodulation at the MS is done with Chase combining. The traffic model is basic; for each user, 30 TTI are transmitted (90 slots).

All base stations are assumed to be fully loaded. Interference is assumed white gaussian for simplification. The 30 most powerful surrounding interfering cells are taken into account as interference.

Mapping table UE category 10 (15 OVSF codes used out of 16) is used for defining the transport block formats, both QPSK and 16 QAM are used, see table below [6]. We may have different modulations used simultaneously by different streams.

4. Implementation aspect

We believe that the implementation of MPD is easier at both the Node-B and the UE. This is inherent to the MPD structure since two independent streams share the same CQI. Supposing we have 
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 transmitting antennas (
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 streams) and 
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 possible CQI values, we have:
CQI feedback from UE
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CQI from Node-B
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CQI possible configurations
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Number of antenna configurations



[image: image30.wmf]1

2

-

n





[image: image31.wmf]1

2

2

/

-

n


The antenna configuration refers to the state of each antenna whether it transmits or not. In RC-MPD, one state is associated to 2 antennas. For instance, with 4 antennas and 30 possible CQI values, the number of configurations will be 15 for PARC and 7 for RC-MPD. That reduces by half the amount of combinations to be tested. Obviously, PARC will suffer more from CQI delay and error.
5. Simulations
According to the assumptions depicted in the previous section, simulations have been conducted on a large number of UE distributed uniformly in the middle of the network. We have tested the (2x2) and (4x4) MIMO configurations, and compare RC-MPD with PARC.
The results are presented in histograms for each MIMO scheme with both environments (urban and suburban) and both schemes (RC-MPD and PARC). The percentage shown by each bar refers to the percentage of handsets that have a throughput between n-1 and n Mb/s. 

In the table below, we show the overall average throughput assuming perfect channel knowledge.
	Data rate (kb/s)
	Urban Macro
	Suburban Macro

	
	2x2
	4x4
	2x2
	4x4

	PARC
	2043
	3768
	2255
	3534

	RC-MPD
	2060
	3712
	2410
	4062


Table 2: Overall mean throughput, perfect channel estimation, Ior_Ioc HS-DSCH 0dB (100%)
It seems that MPD outperforms BLAST in the suburban macro environment and is equivalent in urban macro. However as seen in the histograms at the end of this contribution, the percentage of handsets with a throughput greater than 1 Mb/s is always higher for MPD than BLAST.
In the following table, we give results assuming basic channel estimation. Note that this will be subject to further optimization that is currently under study. Since only 30 TTI are transmitted, the channel estimation can be bad especially for the first slots.
	Data rate (kb/s)
	Urban Macro
	Suburban Macro

	
	2x2
	4x4
	2x2
	4x4

	PARC
	941
	1456
	834
	1135

	RC-MPD
	967
	1483
	995
	1542


Table 3: Overall mean throughput, basic channel estimation, HSDSCH 80%, CPICH 20%
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6. Impact of MPD on other channels: DCH

Obviously, MPD creates additional interferences and may cause some degradation to other channels such as the DCH. This is due to the new paths created that impact the orthogonality property of the downlink hadamard spreading codes. In the figure below, we plotted the raw BER of the DCH channel under the following assumptions:

· Perfect channel knowledge,

· Channel profile Vehicular A,
· DCH service 12.2 kb/s,
· DCH transmitted from one antenna only and received with one antenna also,
· BLAST and MPD (no rate control) tested for the HSDSCH channel, 4 streams, transport blocks correspond to the CQI 10 on all streams.

In order to have a fully loaded Node-B, we use OCNS (see [6] for definition). Two configurations have been tested depending on the Ec/Ior of the DCH, the HSDSCH, and the OCNS. We suppose for simplification that all other channels (CPICH, etc…) are incorporated in the OCNS. Note that for both configurations, the base station is assumed to be fully loaded.

· Worst case: 
DCH = -10 dB (10%)
HS-DSCH = -3 dB (50%)

OCNS = -4 dB (40%)

· Typical:  

DCH = -13 dB (5%)

HS-DSCH = -1.6 dB (70%)
OCNS = -4 dB (25%)

The results are plotted in the figure below:
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It appears that the degradation caused by MPD is not really palpable (less than 0.05 dB in the worst case and 0 dB in the typical case).

7. Conclusions

In this contribution, we tried to give a first glance on the performances of RC-MPD in a system level context. RC-MPD offers better throughput than PARC in suburban macro environments while it is equal to PARC in urban macro.
We studied also the impact of MPD on none MIMO users, it seems negligible.

We recall also that the implementation of RC-MPD is easier in term of signaling information in uplink (CQI reporting by the handset) and downlink (CQI selection).
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