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Abstract

A novel 4Tx diversity scheme for use with sub-array antenna configurations is proposed for the TR 25.869. A major advantage of the proposed 4Tx diversity scheme is that Node B and UE can reuse the implemented signal processing algorithms for R99/4/5 2Tx diversity, and thus the additional implementation and testing effort in Node B and UE is kept at minimum. Computer simulation results further indicate signifcant benefit compared to 2Tx diversity and advantages compared to other 4Tx diversity proposals in terms of error rate performance gains and robustness in case of moderate-to-high UE velocity or feedback errors.

1. Introduction

In this contribution, we present additional simulation results, and a revised text proposal for the 4Tx open-loop closed-loop (4Tx OL-CL) diversity transmission scheme presented at RAN1#34 and #35 [1],[2]. The simulation results differ from the previous ones by additional simulation assumptions such as closed-loop power control with TPC error rate 4%, target BLER 1% and non-ideal antenna fading correlation; see section 2 for detailed simulation assumptions. 

The Node B transmit part of the 4Tx OL-CL diversity transmission scheme is depicted in Fig. 1.
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Figure 1 : Node B transmit part of 4Tx OL-CL Diversity scheme

2. Link Level Simulation Results

We assessed the error rate performance of the proposed 4Tx OL-CL diversity scheme in link level simulations, and compared it with the error rate performances of other Tx diversity solutions:

· 1Tx, no Tx diversity baseline scheme (1 Tx),

· Rel.99 2Tx STTD with a diversity antenna configuration (2Tx STTD),

· Rel.99 2Tx Closed Loop Mode 1 with a diversity antenna configuration (2Tx CL1),

· 4Tx closed loop diversity based on a 2x2 sub-array antenna arrangement (two spatially separated 2-element linear arrays, pure closed loop beamforming with the sub-arrays), using a scheme similar to the ‘Tx diversity scheme with beamforming feature’ as described in §5.4 of the TR 25.869 [3] (4Tx CL-CL)

· 4Tx OL-CL diversity based on a 2x2 sub-array antenna arrangement (two spatially separated 2-element linear arrays, pure closed loop beamforming with the sub-arrays) (4Tx OL-CL)

Our performance results are summarised in Figures 2-4. In these figures, the Ec/Ior of DPCH required to achieve 1% coded block error rate (BLER) is depicted versus UE velocity (same ordering of schemes as above is used in the figure legends). We used the following simulation assumptions given in Table 1.

Table 1 : Simulation assumptions

Physical channels
Node B transmits DPCH, P-CPICH and OCNS

DPCH
12.2 kbps reference channel 

P-CPICH
Total CPICH_Ec/Ior = -10dB, CPICH scheme as described in §6.1.1 of the TR 25.869 [3],

OCNS
16 intra-cell interferers as defined in Table C.6 of [4] ,Tx diversity methods are also applied to the spatially uniformly distributed OCNS interferers

Geometry Ior/Ioc
3 dB

Power Control
On

TPC delay
1 slot

TPC error rate
4%

Closed Loop FBI feedback rate
1 bit/slot

FBI delay
1 slot

FBI error rate
4 %

Antenna Verification 
Ideal antenna verification

Path Delays
Ideal knowledge of path delays at UE receiver

Channel Estimation
Channel estimation on CPICH 

Radio channel profiles
One-path Fading, Vehicular A ((AOD = 10°), Pedestrian A ((AOD = 5°) 

Fading Correlation
Fading correlation factor 0.1 between elements of different sub-arrays

Fading correlation factor 0.9 between elements inside sub-arrays

UE Position
The simulated area corresponds to a single 120 degree sector, and the position of the UE under test is averaged over 120 degrees

UE velocity
Simulations for 3, 50 and 120 km/h

Target BLER
1%

Performance measure
Tx DPCH_Ec/Ior

Simulation results are summarised in Figures 2, 3 and 4 for one-tap Rayleigh fading, Vehicular A and Pedestrian A channel, respectively.
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Figure 2 : Ec/Ior of DPCH required to achieve 1% BLER versus UE velocity for one-path Rayleigh fading channel
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Figure 3 : Ec/Ior of DPCH required to achieve 1% BLER versus UE velocity for Vehicular A
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Figure 4 : Ec/Ior of DPCH required to achieve 1% BLER versus UE velocity for Pedestrian A

As can be seen in Figures 2-4, the gain in BLER performance of the proposed 4Tx OL-CL diversity scheme versus the 1Tx baseline is comparatively stable over the simulated range of UE velocities. This is a consequence of the closed loop beamforming mechanism which due to the narrow antenna spacing is insensitive to UE movement. Depending on the UE velocity, the gains in BLER versus the 1Tx baseline amount to about 3.1-6.2dB in the one-path Rayleigh fading case, about 2.7-4.6dB in Pedestrian A fading case, and to about 2.1-2.6dB in case of Vehicular A channel.

Versus 2Tx STTD, the gain in error rate performance of the proposed 4Tx OL-CL diversity scheme amounts to about 1.9-2.3 dB in case of one-path Rayleigh fading and about 1.6-2.0dB in case of Pedestrian A and Vehicular A. This gain is achieved by means of Closed Loop beamforming in the sub-arrays. It doesn't reach the maximum possible value of 3dB combining gain and depends on the UE velocity due to non-ideal fading correlation between the elements of a sub-array. In addition, the gain is lower in multipath profiles due to the AoD distribution of the multipaths. 

Since the performance of 2Tx Closed Loop Mode 1 depends on the UE velocity, the gain of 4Tx OL-CL compared to 2Tx CL Mode 1 varies from 0.8-2.7 dB in the one-path Rayleigh fading case and 0.7-2.1dB in case of Vehicular A. 

As compared to 4Tx CL diversity with beamforming feature, the 4Tx OL-CL diversity scheme is outperformed at UE velocities of up to about 70km/h, the losses amounting up to about 1.1dB and 0.8dB in case of one-path Rayleigh fading and Vehicular A channel, respectively. However, due to the large spacing between the sub‑arrays, respectively, and due to the increased number of feedback weights, the 4Tx CL diversity with beamforming feature is comparatively sensitive to UE movement and feedback errors, and the error rate performance tends to degrade with increasing UE velocity and with increasing feedback error rate. At 120km/h UE velocity, the performance loss of 4Tx CL diversity with beamforming feature as compared to 4Tx OL-CL diversity amounts to about 1.4dB and 0.9dB for one-path Rayleigh fading and Vehicular A channel, respectively. 

It should be emphasised that the performance advantages of 4Tx CL diversity with beamforming feature versus 4Tx OL-CL diversity, as observed in Figures 2-4 in the range of low-to-moderate UE velocities, further diminish in case of increasing feedback error rate and/or non-ideal antenna verification. In [2] it was shown that in the absence of antenna verification the error rate performance of 4Tx CL diversity with beamforming feature degrades by about 1.5-3dB and is even worse than the 1Tx baseline for high UE velocities (120km/h). Without antenna verification 4Tx OL-CL performance degrades only by about 0.5 dB and performs equally to 4Tx CL diversity with beamforming for low UE velocities and better than 4Tx CL diversity with beamforming for medium to high UE velocities. In addition, it is more complex to perform antenna verification for the 4Tx CL diversity with beamforming feature than for 4Tx OL-CL due to the larger number of weights. 

3. Rel.99/4/5 backwards compatibility issues

Release 99/4/5 2Tx diversity signals can be transmitted from any antenna pair with the two antennas belonging to different sub-arrays. Rel.99/4/5 no-diversity signals can be transmitted from any antenna. To mitigate load imbalances of the Node B transmit power amplifiers during mixed operation of 4Tx OL-CL and Rel.99/4/5 UEs, different Rel. 99/4/5 UEs could be served from different Tx antennas. Channel Estimation of Rel.99/4/5 UEs suffers from reduced 2Tx P‑CPICH power if total CPICH_Ec/Ior is kept constant when increasing the number of transmit antennas from 2 to 4.

Thus, no backward compatibility problem to Release 99/4/5 specific to the 4Tx OL-CL transmission scheme is identified.

4. Summary and Conclusions

We investigated the error rate performance of a novel 4Tx open loop – closed loop (OL-CL) diversity scheme for application with sub-array antenna configurations. This scheme makes use of the R99/4/5 2Tx diversity algorithms, both in Node B transmitter and UE receiver. Either of the two STTD encoded sub-streams is transmitted via a sub-array, each sub-array applying a 2Tx CL Mode 1 weight mechanism. The proposed scheme has the following advantages:

· Low implementation and testing effort due to reuse of R99/4/5 Tx diversity algorithms in Node B transmitter and UE receiver.

· Combined spatial/polarisation diversity and beamforming gain due to combination of open loop STTD and closed loop beamforming.

· No antenna calibration mechanisms needed in Node B to achieve downlink beamforming gain.

· Due to small antenna spacing, closed loop beamforming is insensitive to UE movement.

· Gain in error rate performance versus conventional 1Tx scheme typically in the range of 2.5-4.5dB, depending on the propagation environment and the UE velocity, these gains being comparatively stable over a wide range of UE velocities.

· Significant error rate performance benefit compared to Rel.99 2Tx diversity schemes, open-loop as well as closed-loop.

· Significant performance advantages compared to other studied 4Tx diversity proposals in terms of:

· gains in error rate performance versus the 1Tx baseline scheme,

· robustness in case of increasing UE velocity,

· and robustness in case of increasing feedback error rate.

· Due to insensitivity to UE movement, no UE velocity estimate is needed in RNC in order to select the optimum Tx diversity mode for the UE.

We propose to include a text proposal covering the investigated 4Tx OL-CL diversity scheme in the TR 25.869. The text proposal is given in the Appendix.
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5
Descriptions of Studied Concepts

5.1
4Tx OL-CL Diversity

It is desirable that Tx diversity solutions shall be applicable to a variety of different antenna constellations. The 4Tx open loop – closed loop (OL-CL) diversity scheme [1] is suitable for application with sub-array antenna arrangements, in which case a combined spatial/polarisation diversity and beamforming gain is achievable. Possible 4Tx sub-array antenna arrangements include two spatially separated 2-element linear-polarised arrays or an array using two cross-polarised elements. The elements of a sub-array are assumed to have a narrow spacing, e.g. half a wavelength.

The 4Tx OL-CL scheme is further characterised by the following design considerations:

· The 4Tx OL-CL scheme combines the existing R99/4/5 2Tx diversity solutions. Node B and UE can therefore reuse the implemented signal processing algorithms for 2Tx diversity.

· Closed loop feedback mechanisms are applied in order to provide beamforming gain. Due to small antenna spacing, closed loop beamforming is comparatively insensitive to UE movement. 

· 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 Node B transmit part of the 4Tx OL-CL diversity 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 (i.e. a complex-valued weighting factor is used per 2Tx sub-array). 
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Figure 1: Node B transmit part of 4Tx OL-CL diversity scheme.

We use a notation as indicated in Figure 1 to describe the UE receiver algorithms for the 1Rx case. For the sake of convenience, four one-path fading channels characterised by the complex-valued coefficients h1, h2, h3, and h4 are assumed. It should be noted that the 4Tx OL-CL diversity scheme is applicable also in multipath case. In response to the two transmitted symbols s0 and s1, the UE receives the two symbols
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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 four propagation channels, e.g., by means of a CPICH transmission scheme for >2Tx antennas as described in §6. Using knowledge of the channel coefficients h1, h2, h3, and h4, and knowledge of the antenna weights w1 and w2, UE applies its R99/4/5 channel weighting algorithm to compute the effective channel coefficients 
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 seen from sub-array 1 and sub-array 2, respectively. UE can now apply the R99/4/5 STTD decoding algorithm in order to obtain estimates ŝ0 and ŝ1 of the transmitted symbols s0 and s1 according to
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To determine optimum antenna weights w1 and w2, UE applies its R99/4/5 feedback information computation algorithm such as to separately maximise 
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The building blocks of a UE receiver are sketched in Figure 2 for 4Tx OL-CL diversity transmission. As can be seen, the UE can fully reuse its R99/4/5 receiver algorithms. 
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Figure 2: Building blocks of a UE receiver in case of a 4Tx OL-CL diversity transmission. Blue and green colours indicate that R99/4/5 algorithms can be reused, whereas red colour indicates an algorithm not used in R99/4/5.

An FBI transmission scheme for use with 4Tx OL-CL diversity is proposed in Figure 3.The capacity for FBI on the UL DPCCH is limited to 1 bit per slot, and thus a 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. 
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Figure 3: Possible FBI transmission scheme for 4Tx OL-CL diversity scheme. Per antenna weight w, a bit pair (I,Q) is used for coding the phase of w as with R99/4/5 2Tx CL Mode 1, i.e., I/Q = +1 if real/imaginary part of w > 0, 0 else. The bit I/Q transmitted in slot #i is updated in the same slot prior to transmission.

----------- End of text proposal for TR 25.869 -----------
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