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1. Introduction

In this contribution a single-stream MIMO transmission scheme is presented which is based on the 4Tx open-loop closed-loop (OL-CL) diversity scheme [1]. It uses 4 transmit antennas at the Node B and the number of receive antennas at the UE can be 1, 2 or 4. 

The transmission scheme is preferably used with an antenna configuration at the Node B which consists of two uncorrelated sub-arrays of (/2-spaced antennas (with ( denoting the wavelength). In case of vertically polarised antenna elements, the sub-arrays must be separated large enough by space. Alternatively, 2 cross-polarised elements with (/2 spacing can be used such that orthogonal polarisation is used in each sub-array. We consider such a sub-array antenna arrangement an attractive alternative to purely uncorrelated diversity antenna configurations , in particular due to the compact antenna size and due to the combination of spatial/polarisation diversity gain and combining gain that is achievable in both uplink and downlink. 

The proposed 4Tx open loop – closed loop (OL-CL) scheme reuses Rel.99 Tx diversity mechanisms. It achieves a spatial/polarisation diversity gain by using 2Tx STTD between the sub-arrays, and an additional combining gain by applying 2Tx Closed Loop Mode 1 within each sub-array. 

A major advantage of the proposed 4Tx OL-CL diversity scheme is that Node B and UE can reuse the implemented signal processing algorithms for Rel.99 2Tx diversity, and thus the additional implementation and testing effort in Node B and UE is kept at minimum. A further advantage is that the scheme can be used both with dedicated channels (DPCH) and with HSDPA (HS-DSCH and possibly HS-SCCH). In addition, the transmission scheme does not depend on the number of receive antennas at the UE. Additional UE complexity is low because a simple rake receiver with MRC of the signals from the different receive antennas is sufficient, advanced receivers are also possible. 

2. 4Tx Open-Loop Closed-Loop (OL-CL) MIMO

The Node B transmit part of the proposed 4Tx OL-CL scheme is depicted in Figure 1. The symbol stream to be transmitted is split into two STTD encoded sub-streams. These two sub-streams are transmitted via different 2Tx sub-arrays, each using 2Tx Closed Loop Mode 1. The closed loop mechanisms in the sub-array are independent from each other, one complex-valued weighting factor is used per 2Tx sub-array. A spatial or polarisation diversity gain is achievable in downlink by means of the STTD component, provided the sub-arrays are well separated in position or polarisation orientation, respectively. The 2Tx closed loop mechanisms are used within the sub-arrays in order to provide downlink beamforming gain. It should be noted that no antenna calibration mechanism is needed in the sub-arrays due to the closed loop mechanism.

The symbol stream s0, s1 in Figure 1 consists of coded and modulated symbols on DPCH or HS-PDSCH. The multiplexing and channel coding chain as well as the modulation schemes used to generate the symbols is the same as in Rel.99/4/5. There is one data stream transmitted from the 4 antennas. 
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Figure 1: Node B transmit part of proposed 4Tx OL-CL scheme.

We use a notation as indicated in Figure 1 to describe the UE receiver algorithms for the case of N Rx antennas at the UE. For the sake of convenience, we assume one-path fading channels characterised by the complex-valued coefficients hn,1, hn,2, hn,3, and hn,4 for the n-th receive antenna. The proposed 4Tx OL-CL scheme is applicable also in multipath case. In response to the two consecutively transmitted symbols s0 and s1, the UE receives on the n-th receive antenna the two consecutive symbols rn,0 and rn,1 :
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where w1 and w2 denote the complex-valued antenna weights for 2Tx closed loop diversity for sub-array 1 and 2, respectively, and s* denotes the conjugate complex of the symbol s. UE performs channel estimation for all the 4 x N propagation channels, e.g., by means of a CPICH transmission scheme for >2Tx antennas as described in §6 of the TR 25.869 [2]. Using knowledge of the channel coefficients hn,1, hn,2, hn,3, and hn,4, and knowledge of the antenna weights w1 and w2, UE applies its R99 channel weighting algorithm to compute the effective channel coefficients for Rx antenna n 
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 seen from sub-array 1 and sub-array 2, respectively. UE can now apply the R99 STTD decoding algorithm in order to obtain estimates ŝn,0 and ŝn,1 of the transmitted symbols s0 and s1 for Rx antenna n according to
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The estimates from each of the N receive antennas and for each multipath finger can be summed up to obtain an estimate for ŝ0 and ŝ1  

To determine optimum antenna weights w1 and w2, UE applies its R99 feedback information computation algorithm such as to separately maximise 
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 with the column vector hm representing the channel coefficients for transmission antenna m of length equal to number of Rx antennas times number of paths, for one-path channel : 
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. For multipath channels hn,m is a vector containing the channel coefficients of all multipath components. 

The optimal weight computation and feedback information determination is carried out for one of the two sub-arrays at a time, alternating between the two sub-arrays. The capacity for FBI on the UL DPCCH is limited to 1 bit per slot. Thus an FBI transmission scheme is used in which the bits to represent the weights w1 and w2 of the two sub-arrays are transmitted in time multiplex. An FBI transmission scheme for use with the 4Tx OL-CL scheme is proposed in Figure 2.
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Figure 2: Possible FBI transmission scheme for 4Tx OL-CL scheme. Per antenna weight w, a bit pair (I,Q) is used for coding the phase of w as with R99 2Tx CL Mode 1, i.e., I/Q = +1 if real/imaginary part of w > 0, 0 else.

3. Simulation Results

We assessed the block error rate performance of the proposed 4Tx OL-CL scheme for HS-DSCH in link level simulations, and compared it with the error rate performances of Rel. 99/4/5 transmission schemes. For all schemes the same UE receiver is used. The UE has 2 uncorrelated receive antennas and uses a rake receiver with 2Rx diversity.

The simulated transmission schemes are

· 1Tx, one transmit antenna (1Tx),

· Rel.99 2Tx STTD (2Tx STTD),

· Rel.99 2Tx Closed Loop Mode 1 (2Tx CL1),

· 4Tx open-loop closed-loop (4Tx OL-CL) 

The simulation assumptions are shown in Table 1 below:

Table 1 : Simulation assumptions

Number of HS-DSCH codes
10

HS-DSCH Ec/Ior
70%

Modulation, coding scheme
QPSK code rate 1/3; QPSK code rate 2/3; 16QAM code rate 1/2

P-CPICH
Total CPICH_Ec/Ior = -10dB

Radio channel profiles
1-path fading channel  

Closed Loop FBI feedback rate
1 bit/slot

FBI delay
1 slot

FBI error rate
4 %

Antenna Verification 
Ideal antenna verification

Channel Estimation
Real channel estimation on CPICH 

Number of UE antennas 
2

UE receiver
Rake receiver with 2Rx diversity

Antenna Fading Correlation
Node B: full correlation inside sub-arrays, no correlation between sub-arrays

UE : uncorrelated antennas

UE velocity
Simulations for 3, 30 and 120 km/h

Target BLER
10%

Performance measure
Ior/Ioc

In the Figures 3, 4 and 5 the link level simulation results are shown. In these figures, the Ior/Ioc value in dB required to achieve 10% block error rate (BLER) is depicted versus UE velocity. 
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Figure 3 : Ior/Ioc in dB required to achieve BLER of 10% versus UE velocity 
for MCS QPSK, code rate 1/3
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Figure 4 : Ior/Ioc in dB required to achieve BLER of 10% versus UE velocity 
 for MCS QPSK, code rate 2/3 
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Figure 5 : Ior/Ioc in dB required to achieve BLER of 10% versus UE velocity 
 for MCS 16QAM, code rate 1/2 
As can be seen in Figures 3 – 5 , the gain in BLER performance of the proposed 4Tx OL-CL scheme versus the 1Tx baseline is comparatively stable over the simulated range of UE velocities. This is a consequence of the closed loop mechanism which due to the narrow antenna spacing is insensitive to UE velocity. The gains in BLER versus the 1Tx baseline amounts to around 4.5 dB. 

Versus 2Tx STTD, the gain in error rate performance of the proposed 4Tx OL-CL scheme is also relatively stable over the simulated range of UE velocities and amounts to around 2.2 dB. Since the performance of Closed Loop Mode 1 depends on the UE velocity, the gain of 4Tx OL-CL compared to Closed Loop Mode 1 varies between 1 – 5 dB.

4. Summary and Conclusion

The 4Tx OL-CL MIMO transmission scheme which reuses the Rel. 99 2Tx Diversity algorithms STTD and Closed Loop Mode 1 was presented. Link level simulation results with evaluation of BLER were shown for the presented transmission scheme and a comparison to existing Rel.99/4/5 Tx Diversity schemes was given. The simulation results show significant gain of the proposed scheme in terms of required Ior/Ioc. Thus, by using this scheme an increased coverage and average throughput can be achieved. The main features of the proposed scheme are listed below:

· Supports the antenna cases (4,1), (4,2), (4,4), i.e. 4 antennas at Node B, arbitrary number of antennas at UE

· Antennas at Node B preferably arranged in 2 uncorrelated (/2 sub-arrays for compact antenna size, calibration of sub-arrays is not required

· Low implementation and testing effort due to reuse of R99 Tx diversity algorithms in Node B transmitter and UE receiver

· Due to small antenna spacing inside sub-arrays the weights of the closed loop mechanisms change slowly and performance does not degrade severly with increasing UE velocity

· Single data stream transmissions scheme, conventional rake receiver with Rx diversity in UE sufficient, advanced receivers possible but not necessary

· Applicable both to dedicated channels and HSDPA

· Link level simulation results for HSDPA show around 2.2 dB gain compared to STTD and 1–5 dB gain compared to Closed Loop Mode 1 in terms of Ior/Ioc.  

We propose to include a text proposal covering the investigated 4Tx OL-CL scheme in the TR 25.876 [3]. The text proposal is given in Tdoc R1-040595 [4] .

References

[1] R1-03-0968, ‘4Tx Diversity Scheme for Sub-Arrays’, Alcatel, Seoul, Korea, Oct. 06-10, 2003

[2] 3GPP TR 25.869, V1.2.1, ‘Tx diversity solutions for multiple antennas’, 2004-02.

[3] 3GPP TR 25.876, V1.3.0, ‘Multipe-Input Multipe-Output in UTRA’, 2004-02.

[4] R1-04-0595, ‘Text Proposal for 4Tx OL-CL MIMO’, Alcatel, Montreal, Canada, May 10-14, 2004







_1144766774.unknown

_1144766872.unknown

_1144767976.unknown

_1144767997.unknown

_1145337179.unknown

_1144766899.unknown

_1144766792.unknown

_1144766425.unknown

_1144766468.unknown

_1120986116.unknown

_1120986416.unknown

_1126355566.ppt


STTD

Encoder

Symbol stream

s0, s1

Sub-stream 1

s0, s1

Sub-stream 2

-s1*, s0*

Closed loop

weight w1

Closed loop

weight w2

to Tx ant 1

to Tx ant 2

to Tx ant 3

to Tx ant 4

Sub-array 1

Sub-array 2








_1120986393.unknown

_1120985998.unknown

