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Abstract

The application of 4Tx diversity techniques based on sub-arrays is discussed in comparison with alternative multiple antenna transmission techniques available in 3GPP Rel99/4/5: sectorisation, 2Tx diversity and beamforming. The comparison takes into account link and system level performance issues, antenna size (public acceptance) and equipment costs. Two tables are presented to summarise the main results.

1. Introduction

During RAN1#34, a discussion was raised regarding the benefits of 4Tx diversity solutions as compared to ‘conventional’ multiple antenna transmission techniques (e.g. sectorisation) available in 3GPP Rel99/4/5. This contribution attempts to discuss this issue for 4Tx diversity solutions using a 2(2 sub-array antenna configuration. 

Two 2(2 sub-array antenna configurations can be distinguished:

· two spatially separated linear-polarised 2-element arrays, 

· 2-element cross-polarised array. 

Such 2(2 sub-array antenna arrangements may be attractive, in particular due to the compact antenna size and due to the combination of spatial/polarisation diversity gain and beamforming gain that is achievable in both uplink and downlink. In particular, the 2-element cross-polarised array can be mounted into one case, so that this four antenna arrangement has the appearance of a single antenna with slightly increased dimensions. (Likewise, the two spatially separated linear-polarised arrays would appear like two antennas.) It should be noted that increasing the visible number of antennas at a Node B site might be undesirable or even prohibited, as this can result in problems of public acceptance.

Two 4Tx diversity transmission schemes for application with 2(2 sub-array antenna configurations have been proposed in 3GPP RAN1:

· Pure closed-loop ‘Tx diversity scheme with beamforming feature’ as described in §5.4 of the TR 25.869 [1],

· 4Tx open-loop closed-loop (OL-CL) diversity [2].

Further, also a combination of 2Tx diversity and 2Tx beamforming, conform with Rel99/4/5, can be used with a 2(2 sub-array antenna configuration. These schemes achieve a spatial/polarisation diversity gain and an additional beamforming gain, cf. link level simulation results presented in [2]. The beamforming gain typically amounts to about 3dB, and the spatial/polarisation diversity gain to about (1.5dB, depending on the propagation conditions. At low UE velocities, pure closed loop schemes can achieve up to about 3dB additional beamforming gain.

In the sequel, we attempt to discuss the benefits of using 4Tx diversity based on a 2(2 sub-array antenna configuration as compared to multiple antenna transmission techniques available in Rel99/4/5:

· Sectorisation: As the baseline configuration, we assume a Node B site with three 120 degree cells, and use of 1Tx/1Rx per cell. Thus, there is a number of 3 physical and 3 visible antennas per site. 
· 2Tx Diversity: 2Tx/2Rx diversity can be added per sector. In case of polarisation diversity (cross-polarised antennas), there is a number of 6 physical and 3 visible antennas per site. In case of open loop STTD we can assume a DL gain of (1.5dB versus 1Tx baseline, and about (4.5dB in UL. With closed loop Tx diversity, up to 3dB additional DL gain can be achieved, e.g. at low UE velocity.
· Beamforming: A calibrated linear array, e.g. 2-element or 4-element, can be used per cell to enable beamforming. In case of 2Tx/2Rx, there is a number of 6 physical and 3 visible antennas per site. In case of 4Tx/4Rx, the number of physical antennas is 12, and there are 3 comparatively large antenna arrays visible per site. It should be noted that the antenna calibration adds to the network equipment costs. In case of 2Tx/2Rx and 4Tx/4Rx, we assume a gain of 3dB and 6dB, respectively, in DL and UL versus the 1Tx baseline.
2. Comparison of Multiple Antenna Transmission Schemes

Table 1 compares some characteristics of various multiple antenna transmission techniques using 3, 6 or 12 antennas at Node B site:

· Baseline: 3 sectors, each using 1Tx/1Rx with a vertically-polarised antenna.

· 2Tx Diversity: 3 sectors, each using 2Tx/2Rx, either two spatially separated vertically-polarised antennas, or a cross-polarised antenna.

· 2Tx Beamforming: 3 sectors, each using 2Tx/2Rx with a vertically-polarised calibrated 2-element array with typically half a wavelength spacing between the antenna elements.

· Sectorisation: 6 sectors, each using 1Tx/1Rx with a vertically-polarised antenna.

· 4Tx Diversity: 3 sectors, each using 4Tx/4Rx with a 2(2 sub-array antenna configuration, either two spatially separated vertically-polarised 2-element arrays, or a 2-element cross-polarised array. Possible 4Tx diversity techniques include ‘Tx diversity scheme with beamforming feature’ and 4Tx OL-CL diversity.

· 4Tx Beamforming: 3 sectors, each using 4Tx/4Rx with a vertically-polarised calibrated 4-element array with typically half a wavelength spacing between the antenna elements.

· 4Tx BF + Div: 3 sectors, each using 4Tx/4Rx with a 2(2 sub-array antenna configuration, either two spatially separated vertically-polarised 2-element arrays, or a 2-element cross-polarised array. A combination of 2Tx open loop beamforming with 2Tx diversity, conform with R99/R4/R5, is used.

· 2Tx Div + Sectorisation: 6 sectors, each using 2Tx/2Rx, either two spatially separated vertically-polarised antennas, or a cross-polarised antenna.

· 2Tx BF + Sectorisation: 3 sectors, each using 2Tx/2Rx with a vertically-polarised calibrated 2-element array with typically half a wavelength spacing between the antenna elements.

The following issues are taken into account:

· The number of antennas per Node B site, physical antennas and visible antennas: 2-element arrays with linear-polarised or cross-polarised elements are counted as a single visible antenna with slightly increased dimensions. (The notation ‘ants+’ shall indicate the increased dimensions compared to a single antenna.)

· Approximate link level gains in C/I in DL and UL. It should be noted that fixed DL transmit power irrespective of the number of antennas is assumed. Further, differences in average path loss between linear and cross-polarised antennas are ignored. (The notation ‘(+3dB)’ shall indicate the additional gain achievable with closed loop Tx diversity.)

· System level performance aspects (handover rate / SHO overhead and inter-cell interference) are considered qualitatively as compared to the 3-sector baseline scheme.

· Approximate costs of the antenna network caused by the number of physical antennas and antenna calibration. (Notation ‘calibration+’ shall indicate that 4Tx calibration is typically more accurate/costly as compared to 2Tx case.)
3. Conclusions

Table 2 summarises the advantages/disadvantages of using 4Tx diversity based on a 2(2 cross-polarised sub-array antenna configuration as compared to other transmission schemes using the same number of antennas per Node B site (here 12 antennas per Node B site). We conclude that 4Tx diversity using a 2(2 sub-array antenna configuration offers a good compromise between performance and public acceptance, in particular if used with a cross-polarised antenna array. 4Tx beamforming based on a calibrated array is typically superior to 4Tx diversity in terms of achievable downlink gains, but due to the large array size it is disadvantageous in terms of public acceptance. Use of six sectors per site has a number of disadvantages, in particular poor public acceptance due to large number of visible antennas, increased handover rate / SHO overhead and inter-cell interference, and increased costs in the baseband processing part due to increased SHO overhead. 

Table 2: Overview of performance, equipment costs and public acceptance of 4Tx beamforming and 2x finer sectorisation as compared to 4Tx diversity based on a 2(2 cross-polarised sub-array antenna configuration. Fixed number of antennas per Node B site is assumed.

Ranking criterion
4Tx Beamforming
2x Sectorisation

Performance
better DL gain achievable with 4Tx vertically-polarised array
disadvantageous due to increased handover rate / SHO overhead and inter-cell interference

Equipment costs
higher cost of antenna network due to antenna calibration
· same costs of antenna network if 2Tx Div added and higher costs (calibration) if 2Tx BF added

· higher costs in baseband processing due to larger SHO overhead

Public acceptance
worse public acceptance due to large array size in case of 4Tx vertically-polarised array
poor public acceptance due to 2x increase in number of visible antennas
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Table 1: Comparison of Multiple Antenna Transmission Schemes

Technique
Baseline
2Tx Diversity
2Tx Beamforming
Sectorisation
4Tx Diversity
4Tx Beamforming
4Tx BF + Div
2Tx Div + Sectorisation
2Tx BF + Sectorisation

# ant’s/site
3
6
6
6
12
12
12
12
12

# sectors/site
3
3
3
6
3
3
3
6
6

# ant’s/sector
1Tx/1Rx
2Tx/2Rx
2Tx/2Rx
1Tx/1Rx
4Tx/4Rx
4Tx/4Rx
4Tx/4Rx
2Tx/2Rx
2Tx/2Rx

Ant. config.
vertical-pol
vertical-pol
cross-pol
vertical-pol array
vertical-pol
2x2 vertical-pol
2x2 cross-pol
vertical-pol array
2x2 vertical-pol
2x2 cross-pol
vertical-pol
cross-pol
vertical-pol array

Calibration
no
no
yes
no
no
yes
yes
no
yes

# visible ant’s/site
3 ants
6 ants
3 ants
3 ants+
6 ants
6 ants+
3 ants+
3 arrays
6 ants+
3 ants+
12 ants
6 ants
6 ants+

Link gains

· DL gain

· UL gain
baseline

baseline
~1.5dB (+3dB)

~4.5dB
~3dB

~3dB
~3dB

~3dB
~4.5dB (+3dB)

~7.5dB
~6dB

~6dB
~4.5dB (+3dB)

~7.5dB
~4.5dB (+3dB)

~7.5dB
~6dB

~6dB

System level aspects
baseline
HO rate and inter-cell interference as baseline
HO rate and inter-cell interference as baseline
Increased HO rate / SHO overhead

Increased inter-cell interference
HO rate and inter-cell interference as baseline
HO rate and inter-cell interference as baseline
HO rate and inter-cell interference as baseline
Increased HO rate / SHO overhead

Increased inter-cell interference
Increased HO rate / SHO overhead

Increased inter-cell interference

Costs of ant. network
baseline
~2x baseline
~2x baseline +

3x calibration
~2x baseline
~4x baseline
~4x baseline +

3x calibration+
~4x baseline +

6x calibration
~4x baseline
~4x baseline +

6x calibration
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