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1. Introduction

In this contribution, we depict the idea of multi-paths diversity for MIMO first presented in [1]. It consists of combining delay diversity with the STTD Alamouti code (open loop release 99). MPD has several advantages over PARC BLAST. It has better performances and needs less feedback information from the UE.
2. Multi-paths diversity (MPD) overview

This technique follows from the observation that BLAST has two drawbacks:

· BLAST does not fully exploit the diversity; one given symbol is sent from one antenna only so that if the signal transmitted by this antenna is for some reason in deep fading, the receiver may fail to recover it.
· In order to be able to recover the transmitted symbols, the number of receiving antennae at the UE should be at least equal to the number of transmitting antennae at the Node-B.
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Figure 1 : MPD general transmission scheme for two antennae

As shown in figure 1, MPD consists of combining the STTD Alamouti code with delay diversity. With MPD, each symbol is sent from at least two antennae taking advantage of space diversity, moreover the STTD code offers some extra gain.

The throughput offered by MPD is the same as BLAST, the number of independent streams is equal to the number of uplink transmitting antennae.

3. Extension to more than two transmitting antennae at the node-B
In order to have a MIMO scheme with more than two transmitting antennae, we suggest using the MPD based scheme (delay diversity + STTD encoder) for every couple of antennae. This scheme is shown in figure 2 for 4 transmitting antennae.
Note that since symbols are sent from two antennae, one MCS is associated to this couple of antennae. Less signaling is required then compared to BLAST PARC where one MCS is associated to each antenna.

[image: image2]
Figure 2 : MPD scheme for 4 antennas

4. Demodulation

As shown in figure [3], the demodulation consists of an interference cancellator in order to remove the interference created by multi-paths, next a simple demodulator is used such as MMSE or MPIC. Depending on the demodulation algorithm, these two steps may be merged.

[image: image3]
Figure 3 : MPD demodulation scheme at the UE

Comparison between BLAST and MPD
Considering a 
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 receivers) and assuming a propagation profile with 
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 echoes, the general demodulation equation after de-spreading can be written as follows:
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For MPD, the channel matrix will be:
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From equation (1), symbol estimation can be done using MMSE for example. The performance of such estimation depends highly on the property of the channel matrix. It is easy to show that:
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(2)
In other words, the system (1) is better conditioned for MPD than for BLAST. The consequence is that in MPD the number of receiving antennae at the UE should be at least equal to half the number of transmitting antennae. This improvement is highly appreciable since the number of receiving antennae is a fundamental limitation for UE manufacturers. MIMO schemes such as (2x1) and (4x2) are possible with MPD.

For example, assuming one single delay (
[image: image18.wmf]1

=

p

), and one single receiving antenna (
[image: image19.wmf]1

=

n

), we have:
BLAST


[image: image20.wmf](

)

N

S

Y

+

÷

÷

ø

ö

ç

ç

è

æ

=

2

1

2

1

s

s

a

a


MPD


[image: image21.wmf]N

S

Y

+

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

-

=

2

1

*

1

*

2

2

1

2

1

s

s

a

a

a

a


Obviously, the system to be solved by MPD is well determined; 2 equations for 2 unknown. This is not the case of BLAST.

Advantages of MPD

· To be feasible, MPD MIMO requires half the number of receiving antennae at the UE required by BLAST.

[image: image22.wmf]2

m

n

³


· Better performances than BLAST due to better property of the channel matrix (2) ,
· Half the amount of feedback information required from the UE compared to BLAST.
Drawbacks of MPD

· IC algorithm is required due to lack of orthogonality caused by multi-paths (delay diversity). However, IC is required irrespectively of the MIMO scheme (including BLAST) as soon as the channel delay spread is significant in order to limit the loss in code orthogonality.
5. Simulations

Simulations assumptions are:

· Perfect channel knowledge,

· SCM used [3]:
· Case 2: Vehicular A, 120 km/h, BS spacing 
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, BS spread 5 degrees,

· Case 4: Single path, 3 km/h, flat rayleigh fading, uncorrelated antennae,

· MIMO schemes: (2x1), (2x2), and (4x4),
· Channel coding rate: ¼ to ¾,

· Modulation used: QPSK and 16QAM,
· Feedback information: none, same MCS for all antennae,

· Spreading factor: 16 (HS-DSCH),
· #Spreading codes: 10 out of 16,

· Data rate for one stream: 1.2, 1.6, 2.4, 3.6, 4.8, and 7.2 Mb/s
· FER Target: 5%

· TTI length: 3 slots

Remarks

· Only inter code (MAI) and intra code interferences (spatial interference) have been cancelled but not inter symbol interference for simplification. Removing ISI can improve the performance a little more especially for MPD.
· For case 2, IC has been used for BLAST also since the delay spread is not null.

The results are plotted below in term of mean Ior/Ioc. MPD performs better than BLAST especially when the number of downlink received antennae is low. In particular, the MIMO scheme (2x1) for case 2 is not feasible with BLAST. 
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6. Conclusions

We have presented in this contribution MPD as a candidate for MIMO. The results of the presented simulations could be summarized by the following points:
· MPD (Multi-Paths Diversity) offers significant improvement over BLAST in term of performances and in term of feedback information requirement.

· To be feasible, MPD requires half the number of receiving antennae at the UE required by BLAST. MIMO schemes such as (2x1) and (4x2) are possible with MPD but not with BLAST. This is highly important since the number of antennae at the UE is a limitation. Of course, having more downlink antennae than the minimum required enhances the performances.
· The STTD encoder used in MPD is a release 99 feature that can be used for MIMO too.

· IC is required for MPD in order to reduce the loss in code orthogonality due to delay diversity. However, downlink IC is required irrespectively of the MIMO scheme (including BLAST) as soon as the channel delay spread is significant.

In consequence, we believe that MPD is a valuable candidate for MIMO technology. It should be considered for documentation in the TR.
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