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1.
Introduction

This contribution is a text proposal on RAN1 related study on UL Transmit Diversity on HSPA to TR25.863. The text proposal here is based on the further link and system evaluation of SATD and BFTD in [1]-[14]
2.
Text Proposal

*************************************** TEXT START ************************************
Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The present document is intended to capture RAN1 and RAN4 findings produced in the context of the study item “Uplink Transmit Diversity for HSPA” [2]. The study is focussed on schemes that do not require any newly standardised dynamic feedback signalling between network and UE. The uplink transmit diversity schemes maybe categorized into two types of algorithms:

-
transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or 

-
simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming)

The scope is understood to be limited to schemes which also do not require any semi-static mode configuration signalling for demodulation. The possibility of semi-static disabling of a transmit diversity scheme is not precluded.

The work under this study item aims at:

-
evaluating the potential benefits of the indicated UL Tx diversity techniques. 

-
investigating the impacts on the UE implementation.

-
investigating how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance.

-
investigating the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements, and 

-
analyzing how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understanding the impacts of any such new requirements
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>
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6.2.2
Practical Algorithms
Tables 32, 33, 35 and 36 contain the simulation results for the practical beamforming transmit diversity (BFTD) algorithms 1, 2 and 3 defined in Section 4.3.2. Unless explicitly stated, the Practical BFTD Algorithm 2 assumes an asymmetric phase implementation. Additionally, for these results, the Rx antenna correlation = 0.

Tables 34 and 37 contain the simulation results for the practical beamforming algorithm transmit diversity transmit diversity (BFTD) algorithm 2 defined in Section 4.3.2 with symmetric and asymmetric phase implementations. The Tx and Rx antenna correlations for these results = 0.3.

Table 32: Beamforming Rx Ec/No gains with antenna imbalance. Practical algorithm

	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[38]
	-1.2
	-0.9
	-0.7
	-0.4
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.33
	-0.28
	-0.33
	-0.17
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-0.2
	-0.1
	-0.1
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	
	-0.4
	-0.3
	-0.4
	· Practical BFTD Algorithm 1
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	-0.3
	-0.3
	-0.2
	
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	-0.1
	
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	-0.09
	0.07
	-0.05
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	
	-0.26
	
	
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-2.1
	-1.3
	-0.8
	-0.5
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[69]
	-0.3
	-0.3
	-0.3
	-0.3
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	Range
	
	-2.1… -0.09
	-1.3… 0.07 
	-0.8… -0.05
	-0.5… -0.17
	

	VA30
	[38]
	-1.2
	-0.8
	-0.5
	-0.3
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.12
	-0.24
	-0.12
	-0.14
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-0.5
	-1.3
	-0.5
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	
	-0.29
	-0.25
	0.23
	· Practical BFTD Algorithm 1
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	-0.32
	-0.29
	-0.27
	
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	-0.6
	
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	
	-0.18
	
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	
	-0.54
	
	
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-1.6
	-1.0
	-0.5
	-0.3
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[69]
	-0.4
	-0.4
	-0.4
	-0.4
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	Range
	
	-1.6… -0.12
	-1.0… -0.18
	-0.5… -0.12
	-0.4… 0.23
	


Table 33: Beamforming Rx Ec/No gains with Tx antenna correlation. Practical algorithm

	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Tx Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[42]
	-0.9
	-0.9
	-0.7
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.28
	-0.38
	-0.26
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-0.1
	
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	-0.4
	-0.5
	-0.5
	· Practical BFTD Algorithm 1

· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	-0.3
	-0.4
	-0.3
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	-0.1
	-0.2
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	0.07
	0.12
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	-0.26
	
	
	· Practical BFTD Algorithm 2
· Symmetric phase implementation

· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-1.3
	-1.3
	-0.8
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[69]
	-0.3
	-0.2
	-0.2
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	Range
	
	-1.3… 0.07
	-1.3… 0.12
	-0.8… -0.26
	

	VA30
	[42]
	-0.8
	-0.7
	-0.5
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.24
	-0.25
	-0.21
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-1.3
	
	
	· Practical BFTD Algorithm 2
· OLPC off

· Non-causal 3-slot channel estimation

	
	[34]
	-0.29
	-0.15
	-0.14
	· Practical BFTD Algorithm 1

· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	-0.29
	-0.2
	-0.2
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	-0.6
	-0.5
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	-0.18
	-0.01
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	-0.54
	
	
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-1.0
	-0.8
	-0.6
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[69]
	-0.4
	-0.3
	-0.2
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	Range
	
	-1.0… -0.18
	-0.8… -0.01
	-0.6… -0.14
	


Table 34: Beamforming Rx Ec/No gains with Tx and Rx antenna correlation. Practical algorithm

	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Tx and Rx Antenna Correlation = 0.3
	

	PA3
	[30]
	-0.04
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	-0.33
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	-0.04… -0.33
	

	VA30
	[30]
	0.09
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	0.33
	· Practical BFTD Algorithm 2
· Symmetric phase implementation
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	-0.09 ... 0.33
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7
System Evaluation Results

This section summarizes the system level evaluations for switched and beamforming antenna diversity. The results for switched antenna diversity are presented in section 7.1 while the results for beamforming diversity are presented in section 7.2. Unless otherwise is stated the results are based on the system simulation parameters previously described in section 5.3.2.

7.1
Switched Antenna Transmit Diversity

.
7.1.1
     Results for inter-site distance 1km

7.1.1.1      Results for 0 dB long-term antenna imbalance and 2D antennas

Table 40 presents the average user data rates, the 10th percentile user data rates and the average transmit power for the different user densities that was studied for a PA3 channel when the inter-site distance is 1 km. Both absolute and relative numbers are presented. All relative numbers are presented with respect to baseline case (without transmit diversity).

Table 40: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the inter-site distance is 1 km.

	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [kbps]
	1582
	1455
	1173
	788
	417
	154
	

	
	Genie [kbps]
	1590
	1512
	1294
	916
	517
	198
	

	
	Practical [kbps]
	1608
	1495
	1223
	844
	453
	168
	

	
	Gain with Genie [%]
	0.5
	3.9
	10.3
	16.2
	24.0
	28.5
	

	
	Gain with Practical [%]
	1.6
	2.7
	4.3
	7.1
	8.6
	9.1
	

	[44]
	Baseline [kbps]
	1233.7
	1235.5
	1230.9
	
	498.7
	135.7
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1270.2
	1271.9
	1267.5
	
	539.8
	146.3
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	2.96
	2.96
	2.98
	
	8.24
	7.85
	

	[63]
	Baseline [kbps]
	
	
	1312
	803
	410
	145
	
Note 1


	
	Genie [kbps]
	
	
	1450
	908
	480
	175
	

	
	Practical [kbps]
	
	
	1369
	838
	434
	155
	

	
	Gain with Genie [%]
	
	
	10.5
	13
	17
	21
	

	
	Gain with Practical [%]
	
	
	4
	4
	6
	7
	

	[61]
	Baseline [kbps]
	2114 
	1864 
	1787 
	942 
	395 
	
	

	
	Genie [kbps]
	2162 
	1944 
	1986 
	1127 
	471 
	
	

	
	Practical [kbps]
	2125 
	1895 
	1870 
	1022 
	426 
	
	

	
	Gain with Genie [%]
	2.36 
	4.48 
	11.11 
	19.54 
	19.41 
	
	

	
	Gain with Practical [%]
	0.56 
	1.70 
	4.58 
	8.38 
	7.83 
	
	

	[57]
	Baseline [kbps]
	2124.8
	1608.1
	1101.8
	621.0
	272.0
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	2148.8
	1639.7
	1127.0
	630.4
	284.5
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	1.13%
	1.96%
	2.29%
	1.52%
	4.60%
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [kbps]
	1470
	1023
	423
	174
	138
	68
	

	
	Genie [kbps]
	1531
	1200
	599
	256
	197
	93
	

	
	Practical [kbps] 
	1525
	1055
	465
	199
	149
	75
	

	
	Gain with Genie [%]
	4.1
	17.3
	41.6
	47.1
	42.8
	36.8
	

	
	Gain with Practical [%]
	3.7
	3.1
	9..9
	14.4
	8
	10.3
	

	[44]
	Baseline [kbps]
	1206.1
	1206.5
	1208.1
	
	314.9
	100.8
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1238.5
	1239.4
	1241.4
	
	336.4
	108.2
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	2.69
	2.73
	2.76
	
	6.84
	7.38
	

	[63]
	Baseline [kbps]
	
	
	543
	326
	190
	74
	
Note 1


	
	Genie [kbps]
	
	
	672
	368
	229
	92
	

	
	Practical [kbps]
	
	
	593
	319
	198
	77
	

	
	Gain with Genie [%]
	
	
	24
	18
	20
	24
	

	
	Gain with Practical [%]
	
	
	9
	-2
	4
	4
	

	[61]
	Baseline [kbps]
	1720 
	1193 
	1173 
	473 
	261 
	
	

	
	Genie [kbps]
	1762 
	1273 
	1498 
	708 
	348 
	
	

	
	Practical [kbps]
	1745 
	1251 
	1324 
	537 
	287 
	
	

	
	Gain with Genie [kbps]
	2.44 
	6.71 
	27.71 
	49.68 
	33.33 
	
	

	
	Gain with Practical [kbps]
	1.45 
	4.86 
	12.87 
	13.53 
	9.96 
	
	

	[57]
	Baseline [kbps]
	978.4
	488.9
	244.0
	52.3
	50.6
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	957.7
	504.9
	255.3
	59.8
	50.8
	
	

	
	Gain with Genie [kbps]
	 
	
	
	
	
	
	

	
	Gain with Practical [kbps]
	-2.12%
	3.28%
	4.64%
	14.36%
	0.44%
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [dBm]
	5.93
	6.60
	6.71
	6.18
	4.65
	1.30
	

	
	Gain with Genie [dB]
	1.25
	1.83
	1.82
	1.38
	1.12
	0.52
	

	
	Gain with Practical[dB] 
	1.1
	0.95
	1.15
	0.91
	0.96
	0.93
	

	[44]
	Baseline [dBm]
	-18.48
	-18.39
	-17.52
	
	-11.99
	-10.41
	Note 2

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical[dB]
	1.62
	1.67
	1.8
	
	1.54
	1.29
	

	[63]
	Baseline [dBm]
	
	
	13.00
	11.13
	9.03
	6.04
	
Note 1


	
	Gain with Genie [dB]
	
	
	0.84
	0.47
	0.35
	0.30
	

	
	Gain with Practical [dB]
	
	
	0.32
	0.00
	-0.10
	-0.15
	

	[61]
	Baseline [dBm]
	2.17 
	2.18 
	1.77 
	0.37 
	-2.38 
	
	

	
	Gain with Genie [dB]
	1.69 
	1.70 
	1.62 
	1.03 
	1.22 
	
	

	
	Gain with Practical [dB]
	1.01 
	1.01 
	0.97 
	0.66 
	0.70 
	
	

	[57]
	Baseline [dBm]
	0.49
	0.16
	-1.77
	-5.24
	-6.02
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.69
	0.55
	0.84
	0.77
	0.91
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands
Note 2: Here the average transmit power refers to the DPCCH power.

.
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Table 41 presents the average user data rates, the 10th percentile user data rates and the average transmit power for the studied user densities in a VA30 channel when the inter-site distance is 1 km. Both absolute and relative numbers are presented. The relative numbers are presented with respect to the baseline case (without transmit diversity). 

Table 41: Average user data rates (in kbps), 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the inter-site distance is 1 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [kbps]
	1583
	1380
	1077
	713
	393
	150
	

	
	Genie [kbps]
	1593
	1398
	1133
	765
	416
	159
	

	
	Practical [kbps]
	1581
	1361
	1072
	715
	394
	148
	

	
	Gain with Genie [%]
	0.6
	1.3
	5.2
	7.3
	5.9
	6.0
	

	
	Gain with Practical [%]
	-0.1
	-1.4
	-0.5
	0.2
	0.3
	-1.3
	

	[44]
	Baseline [kbps]
	1327.2
	1329.2
	1317.9
	
	475.4
	127.3
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1347.8
	1350.1
	1336.3
	
	477.1
	129
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	1.56
	1.57
	1.4
	
	0.36
	1.28
	

	[63]
	Baseline [kbps]
	
	
	1091
	685
	371
	140
	
Note 1


	
	Genie [kbps]
	
	
	1132
	709
	385
	140
	

	
	Practical [kbps]
	
	
	1114
	695
	378
	137
	

	
	Gain with Genie [%]
	
	
	3.75
	3.5
	3.8
	0
	

	
	Gain with Practical [%]
	
	
	2.1
	1.5
	1.9
	-2
	

	[61]
	Baseline [kbps]
	1837 
	1565 
	1528 
	774 
	324 
	
	

	
	Genie [kbps]
	1857 
	1592 
	1578 
	810 
	338 
	
	

	
	Practical [kbps]
	1836 
	1571 
	1542 
	788 
	329 
	
	

	
	Gain with Genie [%]
	1.09 
	1.73 
	3.27 
	4.65 
	4.32 
	
	

	
	Gain with Practical [%]
	-0.05 
	0.38 
	0.92 
	1.81 
	1.54 
	
	

	[57]
	Baseline [kbps]
	1766.8
	1394.1
	1004.1
	624.0
	316.5
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	1792.2
	1400.7
	1014.7
	627.7
	322.6
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	1.44
	0.47
	1.06
	0.58
	1.93
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [kbps]
	1270
	677
	337
	191
	119
	64
	

	
	Genie [kbps]
	1310
	735
	422
	228
	124
	72
	

	
	Practical [kbps]
	1275
	540
	310
	191
	108
	61
	

	
	Gain with Genie [%]
	3.2
	8.6
	25.2
	19.4
	4.2
	11.8
	

	
	Gain with Practical [%]
	0.4
	-20.2
	-8
	0
	-9.2
	-5.3
	

	[44]
	Baseline [kbps]
	1312.5
	1310.7
	1305.9
	
	249
	95.9
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1329.2
	1328.1
	1321
	
	245.4
	95.9
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	1. 27
	1.33
	1.16
	
	-1.43
	0
	

	[63]
	Baseline [kbps]
	
	
	482
	285
	166
	65
	
Note 1


	
	Genie [kbps]
	
	
	516
	290
	181
	71
	

	
	Practical [kbps]
	
	
	503
	281
	175
	70
	

	
	Gain with Genie [%]
	
	
	7
	1.75
	9
	9
	

	
	Gain with Practical [%]
	
	
	4.3
	-1.4
	5.4
	7.7
	

	[61]
	Baseline [kbps]
	1308 
	834 
	808 
	391 
	219 
	
	

	
	Genie [kbps]
	1324 
	861 
	885 
	436 
	236 
	
	

	
	Practical [kbps]
	1312 
	846 
	839 
	407 
	227 
	
	

	
	Gain with Genie [%]
	1.22 
	3.24 
	9.53 
	11.51 
	7.76 
	
	

	
	Gain with Practical [%]
	0.31 
	1.44 
	3.84 
	4.09 
	3.65 
	
	

	[57]
	Baseline [kbps]
	729.0
	470.0
	190.5
	61.7
	50.6
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	837.1
	491.3
	231.7
	71.7
	50.7
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	14.83
	4.54
	21.59
	16.34
	0.18
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [dBm]
	5.71
	6.70
	7.21
	6.53
	4.79
	0.48
	

	
	Gain with Genie [dB]
	1.15
	0.62
	0.66
	1.04
	0.46
	0.23
	

	
	Gain with Practical [dB]
	0.4
	0.48
	0.26
	0.50
	0.28
	0.16
	

	[44]
	Baseline [dBm]
	-18.6
	-18.44
	-17.5
	
	-12.89
	-11.14
	Note 2

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.38
	0.39
	0.4
	
	0.31
	0.46
	

	[63]


	Baseline [dBm]
	
	
	13.06
	11.21
	8.85
	5.56
	
Note 1


	
	Gain with Genie [dB]
	
	
	0.21
	0.22
	-0.26
	0.08
	

	
	Gain with Practical [dB]
	
	
	0.27
	0.31
	-0.17
	0.19
	

	[61]
	Baseline [dBm]
	3.04 
	2.60 
	2.19 
	0.19 
	-2.67 
	
	

	
	Gain with Genie [dB]
	0.75 
	0.73 
	0.67 
	0.59 
	0.63 
	
	

	
	Gain with Practical [dB]
	0.50 
	0.49 
	0.46 
	0.40 
	0.43 
	
	

	[57]
	Baseline [dBm]
	1.33
	-0.60
	-2.28
	-4.31
	-7.46
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.43
	0.48
	0.38
	0.49
	0.49
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 2: Here the average transmit power refers to the DPCCH power.
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Table 42 presents the average user data rates, the 10th percentile user data rates and the average transmit power for the studied user densities in a PA0.1 channel when the inter-site distance is 1 km. Both absolute and relative numbers are presented. In the case relative numbers are presented they are with respect to baseline case without antenna switching diversity.

Table 42: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA 0.1 channel when the inter-site distance is 1 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [kbps]
	1200.4
	1201.8
	1198.4
	
	544
	144.9
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1247
	1249
	1246.3
	
	609.4
	165.1
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	3.88
	3.93
	4
	
	12.03
	13.9
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [kbps]
	1194.9
	1195.6
	1194.2
	
	328.5
	97.3
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1230.2
	1231
	1232.1
	
	384.4
	118.7
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	2.95
	2.96
	3.17
	
	17.01
	21.97
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [dBm]
	-18.79
	-18.75
	-18.01
	
	-12.58
	-10.59
	Note 1

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	2.36
	2.45
	2.6
	
	2.22
	1.84
	


Note 1: Here the average transmit power refers to the DPCCH power.

7.1.1.2 Results for 0 dB long-term antenna imbalance and 3D antennas

Table 43 present the average data rates, the 10th percentile user data rates and the average transmit power for the studied user densities in a PA3 channel when 3D antennas at the Node-B is modelled.

Table 43: Average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when 3D antennas at the Node-B are modelled.
	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [kbps]
	1589
	1501
	1291
	929
	537
	213
	

	
	Genie [kbps]
	1602
	1536
	1373
	1017
	606
	244
	

	
	Practical [kbps]
	1615
	1528
	1338
	969
	563
	221
	

	
	Gain with Genie [%]
	0.8
	2.3
	6.4
	9.5
	12.8
	14.5
	

	
	Gain with Practical [%]
	1.6
	1.8
	3.6
	4.3
	4.8
	3.8
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [kbps]
	1551
	1215
	667
	284
	184
	113
	

	
	Genie [kbps]
	1572
	1318
	829
	366
	243
	130
	

	
	Practical [kbps]
	1582
	1169
	734
	299
	196
	113
	

	
	Gain with Genie [%]
	1.3
	8.4
	24.3
	28.8
	32.1
	15.0
	

	
	Gain with Practical [%]
	2
	-3.8
	10.0
	5.1
	6..5
	0.2
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [dBm]
	11.6
	11.1
	11.6
	11.1
	10.1
	7.92
	

	
	Gain with Genie [dB]
	1.67
	1.58
	1.53
	1.31
	1.11
	1.28
	

	
	Gain with Practical [dB]
	0.89
	0.79
	0.90
	0.81
	0.77
	0.95
	


Table 44 present the average data rates, the 10th percentile user data rates and the average transmit power for the studied user densities in a VA30 channel when 3D antennas at the Node-B are modelled. 

Table 44: Average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when 3D antennas at the Node-B are modelled.
	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [kbps]
	1594
	1458
	1240
	866
	499
	200
	

	
	Genie [kbps]
	1605
	1469
	1265
	892
	512
	203
	

	
	Practical [kbps]
	1591
	1460
	1232
	867
	496
	196
	

	
	Gain with Genie [%]
	0.7
	0.7
	2
	3
	2.6
	1.5
	

	
	Gain with Practical [%]
	-0.2
	0.1
	-0.7
	0.1
	-0.6
	-2.0
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [kbps]
	1323
	913
	550
	276
	179
	106
	

	
	Genie [kbps]
	1352
	912
	565
	309
	191
	106
	

	
	Practical [kbps]
	1239
	868
	535
	292
	176
	99
	

	
	Gain with Genie [%]
	2.2
	-0.1
	2.7
	11.9
	6.7
	-0.3
	

	
	Gain with Practical [%]
	-6.4
	-4.9
	-2.7
	5.8
	-1.7
	-6.4
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [dBm]
	10.6
	12.2
	12.2
	11.0
	9.72
	7.15
	

	
	Gain with Genie [dB]
	0.86
	0.66
	0.75
	0.65
	0.47
	0.48
	

	
	Gain with Practical [dB]
	0.35
	0.25
	0.38
	0.48
	0.26
	0.37
	


7.1.1.3 Results for -4 dB long-term antenna imbalance and 2D antennas

Table 45 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long-term antenna imbalance of -4dB.
Table 45: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [kbps]
	1582
	1455
	1173
	788
	417
	154
	

	
	Genie [kbps]
	1578
	1514
	1284
	889
	485
	-
	

	
	Practical [kbps]
	1580
	1497
	1227
	803
	416
	-
	

	
	Gain with Genie [%]
	-0.2
	4
	9.4
	12.8
	16.3
	-
	

	
	Gain with Practical [%]
	-0.1
	2.9
	4.6
	1.9
	-0.3
	-
	

	[61]
	Baseline [kbps]
	2114 
	1864 
	1787 
	942 
	395 
	
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	2084 
	1827 
	1735 
	898 
	367 
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-1.39 
	-1.96 
	-2.99 
	-4.75 
	-6.90 
	
	

	[57]
	Baseline [kbps]
	2124.8
	1602.1
	1135.0
	628.0
	287.0
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	2130.9
	1608.2
	1157.5
	622.1
	289.9
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.29%
	0.38%
	1.99%
	-0.94%
	1.01%
	
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [kbps]
	1470
	1023
	423
	174
	138
	68
	

	
	Genie [kbps]
	1490
	1175
	565
	236
	164
	-
	

	
	Practical [kbps]
	1408
	1005
	465
	183
	137
	-
	

	
	Gain with Genie [%]
	1.4
	14.8
	33.5
	35.5
	18.8
	-
	

	
	Gain with Practical [%]
	4.2
	-1.7
	9.9
	5.2
	-0.7
	-
	

	[61]
	Baseline [kbps]
	1727 
	1185 
	1182 
	457 
	261 
	
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1685 
	1157 
	1114 
	421 
	247 
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-2.01 
	-2.98 
	-5.07 
	-10.97 
	-5.36 
	
	

	[57]
	Baseline [kbps]
	978.4
	470.8
	249.0
	52.1
	50.6
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	955.6
	480.1
	250.3
	57.8
	50.2
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	-2.33%
	1.98%
	0.50%
	10.88%
	-0.82%
	
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [dBm]
	5.93
	6.60
	6.71
	6.18
	4.65
	1.30
	

	
	Gain with Genie [dB]
	-1
	0.88
	-0.11
	-0.13
	0.11
	-
	

	
	Gain with Practical [dB]
	-1.72
	-0.08
	-0.72
	-0.37
	0.2
	-
	

	[61]
	Baseline [dBm]
	2.17 
	2.18 
	1.77 
	0.37 
	-2.38 
	
	

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.26 
	-0.21 
	-0.16 
	-0.13 
	-0.21 
	
	

	[57]
	Baseline [dBm]
	0.49
	-1.03
	-2.99
	-4.47
	-6.52
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.56
	-0.49
	-0.47
	-0.39
	-0.18
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.

Table 46 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long-term antenna imbalance of -4dB.
Table 46: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [kbps]
	1583
	1380
	1077
	713
	393
	150
	

	
	Genie [kbps]
	1575
	1386
	1101
	723
	397
	146
	

	
	Practical [kbps]
	1569
	1343
	1050
	677
	366
	133
	

	
	Gain with Genie [%]
	-0.5
	0.5
	2.2
	1.4
	1.0
	-2.6
	

	
	Gain with Practical [%]
	-0.9
	-2.7
	-2.5
	-5.1
	-6.8
	-12.3
	

	[57]
	Baseline [kbps]
	1785.0
	1405.1
	1019.4
	624.2
	315.5
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1782.2
	1422.4
	1018.8
	624.7
	312.9
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-0.15%
	1.23%
	-0.07%
	0.09%
	-0.83%
	
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [kbps]
	1270
	677
	337
	191
	120
	64
	

	
	Genie [kbps]
	1280
	710
	363
	192
	122
	64
	

	
	Practical [kbps]
	1240
	605
	339
	169
	101
	56
	

	
	Gain with Genie [%]
	0.8
	4.9
	7.7
	0.6
	1.7
	-0.3
	

	
	Gain with Practical [%]
	-2.4
	-10.6
	0.6
	-11.4
	-15.4
	-12.4
	

	[57]
	Baseline [kbps]
	781.3
	448.2
	230.8
	70.8
	50.3
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	774.8
	451.3
	238.3
	76.0
	50.4
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-0.83%
	0.68%
	3.27%
	7.26%
	0.18%
	
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[53]
	Baseline [dBm]
	5.71
	6.70
	7.21
	6.53
	4.08
	0.48
	

	
	Gain with Genie [dB]
	-0.11
	-0.59
	-0.34
	0.185
	-0.12
	-0.16
	

	
	Gain with Practical [dB]
	-0.94
	-1.24
	-0.84
	-0.24
	-0.49
	-0.28
	

	[57]
	Baseline [dBm]
	0.90
	-0.32
	-2.37
	-4.55
	-6.84
	
	Note 1

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.64
	-0.55
	-0.50
	-0.48
	-0.41
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
7.1.1.4 Results for -4 dB long-term antenna imbalance and 3D antennas 

Table 47 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and 3D antennas at the Node-B is modelled.
Table 47: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [kbps]
	1589
	1501
	1291
	929
	537
	213
	

	
	Genie [kbps]
	1594
	1518
	1375
	990
	570
	237
	

	
	Practical [kbps]
	1601
	1531
	1331
	938
	521
	207
	

	
	Gain with Genie [%]
	0.3
	1.1
	6.5
	6.5
	6
	11.4
	

	
	Gain with Practical [%]
	0.8
	2
	3.1
	1.0
	-3
	-2.8
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [kbps]
	1551
	1215
	667
	284
	184
	113
	

	
	Genie [kbps]
	1553
	1309
	851
	333
	198
	127
	

	
	Practical [kbps]
	1547
	1242
	682
	268
	167
	109
	

	
	Gain with Genie [%]
	0.1
	7.7
	27.6
	17.3
	7.6
	12.2
	

	
	Gain with Practical [%]
	-0.3
	2.2
	2.5
	-5.6
	-9.2
	-3.5
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [dBm]
	11.6
	11.1
	11.6
	11.1
	10.1
	7.9
	

	
	Genie [dB]
	0.93
	-0.62
	0.03
	-0.26
	-0.2
	-0.17
	

	
	Practical [dB]
	-0.24
	-0.69
	-0.48
	-0.71
	-0.55
	-0.40
	


Table 48 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and 3D antennas at the Node-B is modelled.
Table 48: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [kbps]
	1594
	1458
	1240
	866
	499
	200
	

	
	Genie [kbps]
	1624
	1515
	1269
	885
	511
	206
	

	
	Practical [kbps]
	1623
	1486
	1212
	842
	475
	188
	

	
	Gain with Genie [%]
	1.8
	3.9
	2.3
	2.2
	2.4
	3.0
	

	
	Gain with practical [%]
	1.8
	1.9
	-2.3
	-2.7
	-4.8
	-6.0
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [kbps]
	1323
	913
	550
	277
	179
	106
	

	
	Genie [kbps]
	1411
	1164
	576
	316
	192
	109
	

	
	Practical [kbps]
	1356
	973
	482
	285
	171
	107
	

	
	Gain with Genie [%]
	6.7
	27.5
	4.76
	14.2
	7.1
	2.8
	

	
	Gain with Practical [%]
	2.4
	6.6
	-12.4
	2.9
	-4.5
	1.0
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[55]
	Baseline [dBm]
	10.6
	12.2
	12.2
	11.0
	9.72
	7.1
	

	
	Gain with Genie [dB]
	-1.44
	0.31
	0.16
	-0.37
	-0.30
	-0.12
	

	
	Gain with Practical [dB]
	-1.58
	0.04
	-0.44
	-0.85
	-0.70
	-0.50
	


7.1.2 Results for inter-site distance 2.8km

7.1.2.1
Results for 0dB long-term antenna imbalance and 2D antennas

Table 49 presents the average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the inter-site distance is 2.8 km. In the case relative numbers are presented they are with respect to baseline case (without transmit diversity).
Table 49: Average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the inter-site distance is 2.8 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [kbps]
	888.5
	882.1
	867.6
	
	569.6
	162.8
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	956.3
	951.5
	936.7
	
	624.4
	176.5
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	7.63
	7.86
	7.96
	
	9.62
	8.41
	

	[58]
	Baseline [kbps]
	1840.8
	1495.4
	1102.7
	654.5
	309.7
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1895.2
	1544.0
	1128.8
	676.2
	313.0
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	2.95%
	3.25%
	2.37%
	3.31%
	1.05%
	
	

	[64]
	Baseline [kbps]
	
	
	1258
	899
	524
	194
	Note 2

	
	Genie [kbps]
	
	
	1359
	955
	571
	214
	

	
	Practical [kbps]
	
	
	1303
	912
	541
	200
	

	
	Gain with Genie [%]
	
	
	8
	6
	9
	10
	

	
	Gain with Practical [%]
	
	
	3.5
	1.5
	3
	3
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [kbps]
	157.8
	143.8
	123.5
	
	40.3
	12
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	212.2
	199.1
	172.1
	
	66.8
	20.7
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	34.41
	38.52
	39.3
	
	66.1
	72.3
	

	[58]
	Baseline [kbps]
	405.3
	173.1
	67.4
	37.5
	27.5
	
	

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	460.2
	178.1
	82.0
	50.4
	39.4
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	13.55%
	2.91%
	21.76%
	34.53%
	43.49%
	
	

	[64]
	Baseline [kbps] 
	
	
	193
	114
	89
	74
	Note 2

	
	Genie [kbps]
	
	
	240
	176
	130
	87
	

	
	Practical [kbps]
	
	
	204
	152
	108
	75
	

	
	Gain with Genie [%]
	
	
	24
	54
	46
	17
	

	
	Gain with Practical [%]
	
	
	5.7
	35
	21
	1.3
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [dBm]
	-2.51
	-2.23
	-1.93
	
	4.01
	6.12
	Note 1
Note 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	1.64
	1.66
	1.67
	
	1.9
	1.57
	

	[58]
	Baseline [dBm]
	15.05
	15.18
	13.68
	10.98
	10.59
	
	Note 2

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.45
	0.44
	0.56
	0.68
	0.93
	
	

	[64]
	Baseline [dBm]
	
	
	20.07
	19.63
	19.01
	17.61
	Note 2

	
	Gain with Genie [dB]
	
	
	0.26
	0.38
	0.59
	0.58
	

	
	Gain with Practical [dB]
	
	
	0.04
	0.10
	0.23
	0.10
	


Note 1: The same RoT level as for the case with an intersite distance of 1 km was assumed.
Note 2: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 3: The average transmit power refers to the DPCCH power.

Table 50 presents the average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the inter-site distance is 2.8 km. In the case relative numbers are presented they are with respect to baseline case (without transmit diversity).

Table 50: Average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the inter-site distance 2.8 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [kbps]
	937.8
	929.9
	912.9
	
	544.6
	161.7
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	975
	968.3
	950
	
	548.8
	159.6
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	3.97
	4.13
	4.1
	
	0.78
	-1.3
	

	[58]
	Baseline [kbps]
	1529.5
	1338.5
	981.3
	635.2
	339.5
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1576.6
	1361.5
	991.0
	638.0
	344.3
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	3.08%
	1.72%
	0.99%
	0.44%
	1.44%
	
	

	[64]
	Baseline [kbps]
	
	
	1111
	771
	461
	179
	

	
	Genie [kbps]
	
	
	1099
	794
	469
	180
	

	
	Practical [kbps]
	
	
	1081
	783
	464
	177
	

	
	Gain with Genie [%]
	
	
	-1.1
	3.0
	1.7
	0.6
	

	
	Gain with Practical [%]
	
	
	-2
	1.6
	0.6
	-1.1
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [kbps]
	138.4
	132.1
	118.9
	
	33.3
	15.6
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	154.1
	147.4
	133.6
	
	42.9
	19
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	11.28
	11.57
	12.35
	
	29
	21.34
	

	[58]
	Baseline [kbps]
	372.7
	244.3
	74.5
	43.0
	9.6
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	332.0
	279.2
	91.7
	49.5
	25.1
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-10.91%
	14.31%
	23.13%
	15.05%
	160.71%
	
	

	[64]
	Baseline [kbps]
	
	
	144
	96
	75
	65
	Note 2

	
	Genie [kbps]
	
	
	160
	118
	81
	59
	

	
	Practical [kbps]
	
	
	154
	110
	75
	56
	

	
	Gain with Genie [%]
	
	
	11
	23
	8
	-9.2
	

	
	Gain with Practical [%]
	
	
	6.9
	14.6
	0
	-13.8
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [dBm]
	-3.05
	-2.76
	-2.47
	
	2.93
	5.5
	Note 1
Note 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.42
	0.44
	0.4
	
	0.36
	0.32
	

	[57]
	Baseline [dBm]
	15.21
	14.77
	13.25
	11.24
	10.20
	
	Note 2

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.28
	0.36
	0.36
	0.38
	0.55
	
	

	[64]
	Baseline [dBm]
	
	
	20.12
	19.67
	18.81
	17.39
	Note 2

	
	Gain with Genie [dB]
	
	
	0.01
	0.25
	0.24
	0.19
	

	
	Gain with Practical [dB]
	
	
	-0.05
	0.16
	0.13
	0.07
	


Note 1: The same RoT level as for the case with an intersite distance of 1 km was assumed.
Note 2: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 3: Here, the average transmit power refers to the DPCCH power.

Table 51 presents the average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA0.1 channel when the intersite distance is 2.8 km.
Table 51: Average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA0.1 channel when the inter-site distance is 2.8 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [kbps]
	894.3
	889
	875.2
	
	645
	201
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	990.9
	987.6
	975.2
	
	702.1
	214.5
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	10.8
	11.1
	11.4
	
	8.85
	6.73
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [kbps]
	216
	200.8
	182.7
	
	104.8
	35
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	317.2
	294.3
	263.5
	
	135.9
	45.6
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	46.8
	46.6
	44.2
	
	29.7
	30.4
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [dBm]
	-3
	-2.76
	-2.49
	
	3
	5.38
	

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	2.29
	2.29
	2.32
	
	2.27
	2.15
	


7.1.2.2
Results for -4dB long-term antenna imbalance and 2D antennas

Table 51a presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and the inter-site distance is 2.8 km.
Table 51a: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [kbps]
	1840.8
	1495.4
	1128.0
	654.5
	309.7
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1823.1
	1499.9
	1142.2
	660.0
	319.2
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-0.96%
	0.30%
	1.26%
	0.84%
	3.06%
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [kbps] 
	405.3
	173.1
	54.6
	37.5
	27.5
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	367.5
	141.1
	68.9
	38.9
	27.2
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-9.32%
	-18.46%
	26.10%
	3.83%
	-0.84%
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [dBm]
	15.05
	15.18
	13.89
	10.98
	10.59
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.35
	-0.42
	-0.39
	-0.33
	-0.16
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Table 51b presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and the inter-site distance is 2.8 km.
Table 51b: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [kbps]
	1530.8
	1282.9
	989.0
	636.4
	335.8
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1511.7
	1265.5
	990.2
	639.4
	338.4
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-1.25%
	-1.36%
	0.12%
	0.47%
	0.77%
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [kbps]
	318.7
	210.6
	65.3
	26.5
	32.2
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	284.0
	192.7
	61.4
	18.4
	25.3
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-10.89%
	-8.50%
	-5.93%
	-30.41%
	-21.45%
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [dBm]
	16.03
	14.68
	13.58
	11.97
	9.27
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.33
	-0.39
	-0.48
	-0.44
	-0.43
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
7.1.3 Sensitivity to BLER target

The results presented in previous sections are based on the parameters presented in section 5.3.2. In particular, all except [49] are based on a setting where the residual BLER target after the 4th transmission is 1 percent. The subsection evaluates the relative gain in average data rates of the practical antenna switching algorithm (with respect to the base line case). This is presented in Figure 25 for two different loads. From the figure it can be observed that the performance gain stemming from antenna switching algorithms reduce as the BLER target becomes more stringent.
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Figure 25: Relative gain of the practical antenna switching algorithm (compared to the reference case) as a function of the BLER after first transmission [45].
7.2
Beam-forming Transmit Diversity

.
7.2.1
Results for inter-site distance of 1km

7.2.1.1      Results for 0dB long-term antenna imbalance and 2D antennas

Table 52 presents the average user data rates, the 10th percentile user data rates and the average transmit power for the different user densities for a PA3 channel when the inter-site distance is 1 km. In the case relative numbers are presented they are with respect to baseline case (without transmit diversity).

Table 52: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the inter-site is 1 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [kbps]
	1582
	1455
	1173
	788
	417
	154
	

	
	Genie [kbps]
	1600
	1527
	1297
	936
	535
	213
	

	
	Practical [kbps]
	1606
	1513
	1247
	871
	487
	189
	

	
	Gain with Genie [%]
	1.1
	5.0
	10.6
	18.8
	28.3
	38.3
	

	
	Gain with Practical [%]
	1.5
	4.0
	6.3
	10.6
	16.8
	22.7
	

	[60]
	Baseline [kbps]
	1233.7
	1235.3
	1230.9
	
	498.7
	136.1
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1242.7
	1243.7
	1240.7
	
	583.2
	160.8
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.73
	0.68
	0.8
	
	16.95
	18.41
	

	[57]
	Baseline [kbps]
	2124.8
	1608.1
	1101.8
	621.0
	272.0
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	2161.8
	1664.5
	1159.7
	660.4
	306.1
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	1.74%
	3.51%
	5.26%
	6.35%
	12.53%
	
	

	[62]
	Baseline [kbps]
	2114 
	1864 
	1787 
	942 
	395 
	
	

	
	Genie [kbps]
	2205 
	1974 
	2057 
	1201 
	505 
	
	

	
	Practical [kbps]
	2211 
	1969 
	1954 
	1081 
	452 
	
	

	
	Gain with Genie [%]
	4.30 
	5.91 
	15.12 
	27.47 
	27.89 
	
	

	
	Gain with Practical [%]
	4.59 
	5.63 
	9.35 
	14.80 
	14.32 
	
	

	[66]
	Baseline [kbps]
	1840
	1640
	1190
	540
	260
	
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	2120
	1960
	1570
	760
	350
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	15
	20
	31
	41
	36
	
	

	[65]
	Baseline [kbps]
	
	
	1312
	803
	410
	144
	Note 1

	
	Genie [kbps]
	
	
	1641
	1031
	563
	221
	

	
	Practical [kbps]
	
	
	1457
	897
	478
	179
	

	
	Gain with Genie [%]
	
	
	25
	28
	17
	24
	

	
	Gain with Practical [%]
	
	
	11
	12
	16.5
	24
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [kbps]
	1470
	1023
	423
	174
	138
	68
	

	
	Genie [kbps]
	1550
	1230
	608
	279
	201
	99
	

	
	Practical [kbps]
	1539
	1174
	477
	221
	163
	82
	

	
	Gain with Genie [%]
	5.4
	20.2
	43.7
	60.3
	45.7
	45.6
	

	
	Gain with practical [%]
	4.7
	14.8
	12.8
	27
	18.1
	20.6
	

	[60]
	Baseline [kbps]
	1206.1
	1206.5
	1208.1
	
	314.9
	100.6
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1216.3
	1216.1
	1217.1
	
	365.3
	125.4
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.85
	0.8
	0.75
	
	16.01
	24.56
	

	[57]
	Baseline [kbps]
	978.4
	488.9
	244.0
	52.3
	50.6
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	1018.0
	527.3
	236.3
	61.1
	50.8
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	4.05%
	7.86%
	-3.14%
	16.86%
	0.49%
	
	

	[62]
	Baseline [kbps]
	1720 
	1193 
	1173 
	473 
	261 
	
	

	
	Genie [kbps]
	1741 
	1244 
	1659 
	818 
	389 
	
	

	
	Practical [kbps]
	1743 
	1226 
	1407 
	599 
	310 
	
	

	
	Gain with Genie [%]
	1.22 
	4.27 
	41.43 
	72.94 
	49.04 
	
	

	
	Gain with Practical [%]
	1.34 
	2.77 
	19.95 
	26.64 
	18.77 
	
	

	[66]
	Baseline [kbps]
	960
	760
	580
	220
	120
	
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1120
	1030
	740
	340
	190
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	16
	36
	27
	54
	33
	
	

	[65]
	Baseline [kbps]
	
	
	543
	326
	190
	74
	Note 1

	
	Genie [kbps]
	
	
	737
	460
	273
	124
	

	
	Practical [kbps]
	
	
	625
	386
	222
	94
	

	
	Gain with Genie [%]
	
	
	36
	41
	44
	67
	

	
	Gain with Practical [%]
	
	
	15
	18
	17
	27
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [dBm]
	5.93
	6.60
	6.71
	6.18
	4.65
	1.30
	

	
	Gain with Genie [dB]
	2.69
	2.46
	2.39
	1.94
	1.63
	1.14
	

	
	Practical gain with  [dB]
	1.77
	1.19
	1.55
	0.80
	0.57
	0.56
	

	[60]
	Baseline [dBm]
	-18.48
	-18.39
	-17.52
	
	-11.99
	
	
Note 2

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	2.57
	2.68
	2.96
	
	2.66
	
	

	[57]
	Baseline [dBm]
	0.49
	0.16
	-1.77
	-5.24
	-6.02
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	1.05
	0.97
	1.18
	1.14
	1.21
	
	

	[62]
	Baseline [dBm]
	2.17 
	2.18 
	1.77 
	0.37 
	-2.38 
	
	

	
	Gain with Genie [dB]
	2.00 
	2.15 
	2.13 
	1.36 
	1.62 
	
	

	
	Gain with Practical [dB]
	0.85 
	1.03 
	1.02 
	0.78 
	0.94 
	
	

	[66]
	Baseline [dBm]
	6.96
	6.31
	6.69
	3.69
	1.53
	
	

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	1.42
	1.47
	1.30
	0.85
	0.74
	
	

	[65]
	Baseline [dBm]
	
	
	12.99
	11.14
	9.04
	6.04
	Note 1

	
	Gain with Genie [dB]
	
	
	0.76
	0.26
	0.20
	0.72
	

	
	Gain with Practical [dB]
	
	
	0.69
	0.19
	0.13
	0.59
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 2: Here the average transmit power refers to the DPCCH power instead of the average UE transmit power.




Table 52a: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the inter-site is 1 km, with antenna correlation = 0.3 for both Tx and Rx antennas.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[66]
	Baseline [kbps]
	1840
	1630
	1190
	540
	360
	
	Note 1


	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	2120
	1980
	1560
	760
	620
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	15
	22
	31
	41
	26
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[66]
	Baseline [kbps]
	930
	770
	600
	220
	90
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1090
	1020
	750
	350
	110
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with practical [%]
	17
	33
	25
	59
	22
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[66]
	Baseline [dBm]
	6.98
	6.30
	6.68
	3.70
	1.53
	
	Note 1

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	1.54
	1.56
	1.27
	0.80
	0.65
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Table 53 presents the average user data rates, the 10th percentile user data rates and the average transmit power for the studied user densities for a VA30 channel when the inter-site distance is 1 km. Relative numbers are presented they are with respect to baseline case (without transmit diversity).

Table 53: Average user data rates (in kbps), 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the inter-site distance is 1 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [kbps]
	1583
	1380
	1077
	713
	393
	150
	

	
	Genie [kbps]
	1591
	1408
	1161
	807
	461
	-
	

	
	Practical [kbps]
	1577
	1393
	1106
	740
	416
	158
	

	
	Gain with Genie [%]
	0.5
	2.0
	7.8
	13.2
	17.3
	-
	

	
	Gain with Practical [%]
	-0.4
	0.9
	2.7
	3.8
	5.8
	5.3
	

	[60]
	Baseline [kbps]
	1327.2
	1329.2
	1317.9
	
	475.4
	128.4
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1310.2
	1311.5
	1301.3
	
	481.3
	131.8
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-1.28
	-1.33
	-1.26
	
	1.24
	2.66
	

	[57]
	Baseline [kbps]
	1766.8
	1394.1
	1004.1
	624.0
	316.5
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	1788.2
	1391.5
	1007.6
	621.7
	315.2
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	1.21%
	-0.19%
	0.35%
	-0.38%
	-0.41%
	
	

	[62]
	Baseline [kbps]
	1836 
	1565 
	1529 
	775 
	324 
	
	

	
	Genie [kbps]
	1934 
	1680 
	1745 
	928 
	394 
	
	

	
	Practical [kbps]
	1850 
	1579 
	1546 
	787 
	329 
	
	

	
	Gain with Genie [%]
	5.34 
	7.35 
	14.13 
	19.74 
	21.60 
	
	

	
	Gain with Practical [%]
	0.76 
	0.89 
	1.11 
	1.55 
	1.54 
	
	

	[65]
	Baseline [kbps]
	
	
	1091
	685
	371
	140
	Note 1

	
	Genie [kbps]
	
	
	1251
	818
	451
	180
	

	
	Practical [kbps]
	
	
	1106
	704
	374
	140
	

	
	Gain with Genie [%]
	
	
	15
	19
	21.5
	28.5
	

	
	Gain with Practical [%]
	
	
	1.4
	2.8
	0.8
	0
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [kbps]
	1270
	677
	337
	191
	119
	64
	

	
	Genie [kbps]
	1365
	770
	440
	275
	146
	-
	

	
	Practical [kbps]
	1350
	710
	381
	203
	114
	-
	

	
	Gain with Genie [%]
	7.5
	13.7
	30.5
	44
	22.7
	-
	

	
	Gain with Practical [%]
	6.3
	4.9
	13
	6.3
	-4.2
	-
	

	[60]
	Baseline [kbps]
	1312.5
	1310.7
	1305.9
	
	249
	95.6
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1299.1
	1300.5
	1298.8
	
	250.4
	96.0
	

	
	Gain with Genie [%] 
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-1.02
	-0.78
	-0.54
	
	0.58
	0.45
	

	[57]
	Baseline [kbps]
	729.0
	470.0
	190.5
	61.7
	50.6
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	789.8
	459.9
	173.3
	62.9
	50.6
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	8.33%
	-2.16%
	-9.04%
	2.02%
	0.00%
	
	

	[62]
	Baseline [kbps]
	1308 
	834 
	808 
	391 
	219 
	
	

	
	Genie [kbps]
	1413 
	922 
	1250 
	604 
	292 
	
	

	
	Practical [kbps]
	1309 
	839 
	840 
	410 
	224 
	
	

	
	Gain with Genie [%]
	8.03 
	10.55 
	54.70 
	54.48 
	33.33 
	
	

	
	Gain with Practical [%]
	0.08 
	0.60 
	3.96 
	4.86 
	2.28 
	
	

	[65]
	Baseline [kbps]
	
	
	482
	285
	166
	65
	Note 1

	
	Genie [kbps]
	
	
	578
	374
	213
	107
	

	
	Practical [kbps]
	
	
	483
	301
	165
	76
	

	
	Gain with Genie [%]
	
	
	19.9
	31
	28
	65
	

	
	Gain with Practical [%]
	
	
	0.2
	5.6
	-0.6
	17
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [dBm]
	5.71
	6.70
	7.21
	6.53
	4.79
	0.48
	

	
	Gain with Genie [dB]
	2.14
	1.81
	1.59
	1.40
	1.23
	-
	

	
	Gain with Practical [dB]
	0.76
	0.72
	0.72
	0.57
	0.68
	0.65
	

	[60]
	Baseline [dBm]
	-18.6
	-18.44
	-17.49
	
	-12.89
	-12.14
	
Note 2

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.53
	0.56
	0.58
	
	0.51
	0.51
	

	[57]
	Baseline [dBm]
	1.3
	-0.6
	-2.3
	-4.3
	-7.5
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.87
	0.91
	0.93
	0.96
	0.91
	
	

	[62]
	Baseline [dBm]
	3.04 
	2.60 
	2.19 
	0.19 
	-2.67 
	
	

	
	Genie [dB]
	1.45 
	1.41 
	1.21 
	0.92 
	1.07 
	
	

	
	Practical [dB]
	0.19 
	0.21 
	0.19 
	0.18 
	0.22 
	
	

	[65]
	Baseline [dBm]
	
	
	12.98
	11.14
	8.80
	5.52
	Note 1

	
	Genie [dB]
	
	
	0.58
	-0.16
	-0.08
	0.53
	

	
	Practical [dB]
	
	
	0.57
	-0.18
	-0.14
	0.39
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 2: Here the average transmit power refers to the DPCCH power instead of the average UE transmit power.




Table 53a: Average user data rates (in kbps), 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the inter-site distance is 1 km, with antenna correlation = 0.3 for both Tx and Rx antennas.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[66]
	Baseline [kbps]
	1540
	1340
	1010
	450
	240
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1860
	1630
	1310
	640
	320
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	20
	21
	30
	41
	34
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[66]
	Baseline [kbps]
	760
	705
	500
	200
	90
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1060
	820
	680
	270
	110
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	40
	19
	36
	35
	22
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[66]
	Baseline [dBm]
	7.40
	7.24
	6.37
	3.91
	0.85
	
	Note 1

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.79
	1.40
	0.30
	-0.03
	0.65
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Table 54 presents the average user data rates, the 10th percentile user data rates and the average transmit power for the studied user densities for a PA 0.1 channel when the inter-site distance is 1 km. Relative numbers are presented with respect to baseline case (without transmit diversity).

Table 54: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA 0.1 channel when the inter-site distance is 1 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [kbps]
	1200.4
	1201.8
	1198.4
	
	544
	147.4
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1209.6
	1211.3
	1209.3
	
	646
	180.5
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.77
	0.79
	0.91
	
	18.76
	22.47
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [kbps]
	1194.9
	1195.6
	1194.2
	
	328.5
	102.8
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1201
	1201.9
	1201.9
	
	400.2
	129.5
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.5
	0.53
	0.64
	
	21.82
	25.91
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [dBm]
	-18.79
	-18.75
	-18.01
	
	-12.58
	
	
Note 1

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	3.01
	3.13
	3.38
	
	2.98
	
	



Note 1: Here the power reported for the average UE transmit power only refers to the DPCCH power.

7.2.1.2
Results for 0dB long-term antenna imbalance and 3D antennas

Table 55 presents the average data rates, the 10th percentile user data rates and the average transmit power for the studied user densities in a PA3 channel when 3D antennas at the Node-B is modelled. 

Table 55: Average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when 3D antenna at the Node-B is modelled.
	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [kbps]
	1589
	1501
	1291
	929
	537
	213
	

	
	Genie [kbps]
	1604
	1538
	1364
	1030
	620
	245
	

	
	Practical [kbps]
	1612
	1540
	1329
	992
	586
	236
	

	
	Gain with Genie [%]
	0.9
	2.5
	5.6
	10.9
	15.4
	15.0
	

	
	Gain with Practical [%]
	1.4
	2.6
	2.9
	6.8
	9.1
	10.8
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [kbps]
	1551
	1215
	667
	284
	184
	112
	

	
	Genie [kbps]
	1553
	1298
	786
	379
	249
	136
	

	
	Practical [kbps]
	1560
	1280
	691
	331
	201
	120
	

	
	Gain with Genie [%]
	0.1
	6.8
	17.8
	33.4
	35.3
	20.9
	

	
	Gain with Practical [%]
	0.6
	5.4
	3.6
	16.5
	9.2
	6.5
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [dBm]
	11.6
	11.1
	11.6
	11.1
	10.1
	7.92
	

	
	Gain with Genie [dB]
	2.8
	2.15
	2.26
	2.15
	1.70
	2
	

	
	Gain with Practical [dB]
	2.02
	1.12
	1.56
	1.17
	0.84
	0.95
	


Table 56 presents the average user data rates, the 10th percentile user data rates and the average transmit power for the studied user densities in a VA30 channel when 3D antennas at the Node-B is modelled. 

Table 56: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when 3D antenna at the Node-B is modelled.
	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [kbps]
	1594
	1458
	1240
	866
	499
	200
	

	
	Genie [kbps]
	1593
	1476
	1283
	941
	554
	-
	

	
	Practical [kbps]
	1594
	1489
	1237
	894
	516
	207
	

	
	Gain with Genie [%]
	-0.1
	1.2
	3.4
	8.7
	11
	-
	

	
	Gain with Genie [%]
	0
	0.7
	-0.3
	3.3
	3.4
	3.6
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [kbps]
	1323
	913
	550
	276
	179
	106
	

	
	Genie [kbps]
	1361
	994
	666
	397
	230
	
	

	
	Practical [kbps]
	1392
	932
	528
	322
	192
	107
	

	
	Gain with Genie [%]
	2.9
	8.9
	21.1
	43.5
	28.1
	-
	

	
	Gain with Practical [%]
	5.3
	2.2
	-4
	16.7
	7.2
	0.4
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [dBm]
	10.6
	12.2
	12.2
	11.05
	9.72
	7.14
	

	
	Gain with Genie [dB]
	0.62
	1.59
	2.02
	0.93
	1.43
	-
	

	
	Gain with Practical [dB]
	-0.59
	1.31
	1.115
	0.13
	0.63
	0.46
	


7.2.1.3
Results for -4dB long-term antenna imbalance and 2D antennas

Table 57 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and the inter-site distance is 1 km.
Table 57: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [kbps]
	1582
	1455
	1173
	788
	417
	154
	

	
	Genie [kbps]
	1573
	1523
	1301
	916
	507
	-
	

	
	Practical [kbps]
	1584
	1489
	1268
	853
	460
	-
	

	
	Gain with Genie [%]
	-0.5
	4.7
	10.9
	16.2
	21.6
	-
	

	
	Gain with Practical [%}
	0.1
	2.4
	8.2
	8.3
	10.3
	-
	

	[57]
	Baseline [kbps]
	2124.8
	1602.1
	1135
	628
	287
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	2167.7
	1650
	1198.8
	673.4
	321.1
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%}
	2.02
	2.99
	5.62
	7.24
	11.9
	
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [kbps]
	1470
	1023
	423
	174
	138
	68
	

	
	Genie [kbps]
	1520
	1245
	601
	219
	179
	-
	

	
	Practical [kbps]
	1520
	1000
	460
	201
	147
	-
	

	
	Gain with Genie [%]
	3.4
	21.7
	42.1
	25.8
	29.7
	-
	

	
	Gain with Practical [%]
	3.4
	-2.3
	8.7
	15.5
	6.5
	-
	

	[57]
	Baseline [kbps]
	978.4
	470.8
	249
	52.1
	50.6
	
	Note 1

	
	Genie [kbps]
	 
	 
	 
	 
	 
	
	

	
	Practical [kbps]
	987.9
	498.7
	288.2
	64.6
	50.7
	
	

	
	Gain with Genie [%]
	 
	 
	 
	 
	 
	
	

	
	Gain with Practical [%]
	0.97
	5.92
	15.7
	23.9
	0.2
	
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [dBm]
	5.93
	6.60
	6.71
	6.18
	4.65
	1.30
	

	
	Gain with Genie [dB]
	-0.74
	1.2
	0.26
	0.08
	0.32
	-
	

	
	Gain with Practical [dB]
	-2.32
	0.08
	-0.48
	-0.58
	-0.53
	-1.44
	

	[57]
	Baseline [dBm]
	0.49
	-1.03
	-2.99
	-4.47
	-6.52
	
	Note 1

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.61
	-0.64
	-0.64
	-0.65
	-0.45
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Table 58 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long-term antenna imbalance of -4dB.
Table 58: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [kbps]
	1583
	1380
	1077
	713
	393
	150
	

	
	Genie [kbps]
	1579
	1412
	1145
	773
	432
	-
	

	
	Practical [kbps]
	1566
	1391
	1077
	712
	382
	141
	

	
	Gain with Genie [%]
	-0.2
	2.3
	6.3
	8.4
	9.9
	-
	

	
	Gain with Practical [%]
	-1
	0.8
	0
	-0.1
	-2.8
	-6.0
	

	[57]
	Baseline [kbps]
	1785.0
	1405.1
	1019.4
	624.2
	315.5
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	1803.9
	1416.0
	1028.5
	629.5
	318.9
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	1.06%
	0.77%
	0.89%
	0.85%
	1.08%
	
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [kbps]
	1270
	677
	337
	191
	119
	64
	

	
	Genie [kbps]
	1355
	805
	467
	221
	142
	-
	

	
	Practical [kbps]
	1268
	735
	258
	174
	123
	61
	

	
	Gain with Genie [%]
	6.7
	18.9
	38.6
	15.7
	19.3
	-
	

	
	Gain with Practical [%]
	-0.2
	8.5
	-25.4
	-8.9
	3.3
	-5.3
	

	[57]
	Baseline [kbps]
	781.3
	448.2
	230.8
	70.8
	50.3
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	776.0
	445.6
	210.9
	72.4
	50.3
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-0.67%
	-0.58%
	-8.61%
	2.25%
	0.01%
	
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[54]
	Baseline [dBm]
	5.71
	6.70
	7.21
	6.53
	4.79
	0.48
	

	
	Gain with Genie [dB]
	0.23
	-0.44
	-0.08
	-0.02
	-0.18
	-
	

	
	Gain with Practical [dB]
	-0.90
	-1.58
	-0.78
	-0.62
	-0.60
	-0.58
	

	[57]
	Baseline [dBm]
	0.90
	-0.32
	-2.37
	-4.55
	-6.84
	
	Note 1

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.82
	-0.80
	-0.78
	-0.85
	-0.78
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
7.2.1.4
Results for -4dB long-term antenna imbalance and 3D antennas

Table 59 presents the average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and 3D antennas at the Node-B is modelled.
Table 59: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [kbps]
	1589
	1500
	1291
	929
	537
	213
	

	
	Genie [kbps]
	1605
	1546
	1359
	1006
	600
	240
	

	
	Practical [kbps]
	1601
	1535
	1334
	975
	559
	220
	

	
	Gain with Genie [%]
	1.0
	3.0
	5.3
	8.3
	11.7
	12.7
	

	
	Gain with Practical [%]
	0.7
	2.3
	3.3
	4.9
	4.1
	3.3
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [kbps]
	1551
	1215
	667
	284
	184
	113
	

	
	Genie [kbps]
	1562
	1345
	772
	282
	229
	132
	

	
	Practical [kbps]
	1560
	1272
	703
	334
	161
	117
	

	
	Gain with Genie [%]
	0.7
	10.7
	15.7
	-0.7
	24.4
	16.8
	

	
	Gain with Practical [%]
	0.6
	4.6
	5..4
	17.6
	-12.5
	3.5
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [dBm]
	11.62
	11.14
	11.55
	11.7
	10.13
	7.91
	

	
	Gain with Genie [dB]
	1.04
	0.96
	0.81
	0.95
	0.16
	0.09
	

	
	Gain with Practical [dB]
	-0.1
	-0.14
	-0.42
	-0.47
	-0.25
	-0.26
	


Table 60  presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and 3D antennas at the Node-B is modelled.
Table 60: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [kbps]
	1594
	1458
	1240
	866
	499
	200
	

	
	Genie [kbps]
	1585
	1475
	1276
	927
	531
	-
	

	
	Practical [kbps]
	1600
	1450
	1237
	882
	496
	-
	

	
	Gain with Genie [%]
	-0.5
	1.1
	2.9
	7.03
	6.4
	-
	

	
	Gain with Practical [%]
	0.3
	-0.3
	-0.3
	1.8
	-0.5
	-
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [kbps]
	1323
	913
	550
	277
	179
	106
	

	
	Genie [kbps]
	1350
	962
	639
	374
	205
	-
	

	
	Practical [kbps]
	1327
	910
	553
	310
	180
	-
	

	
	Gain with Genie [%]
	2.1
	5.4
	16.2
	35.1
	14
	-
	

	
	Gain with Practical [%]
	0.3
	-0.3
	0.6
	11.8
	0.3
	-
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[56]
	Baseline [dBm]
	10.6
	12.2
	12.2
	11
	9.7
	7.1
	

	
	Gain with Genie [dB]
	-0.84
	0.17
	0.55
	-0.47
	-0.25
	-
	

	
	Gain with Practical [dB]
	-1.79
	-0.57
	-0.27
	-1.13
	-0.74
	-
	


7.2.2
Results for inter-site distance 2.8km

7.2.2.1      Results for 0dB long-term antenna imbalance and 2D antennas

Table 61 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the inter-site distance is 2.8 km.
Table 61: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the inter-site distance is 2.8 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [kbps]
	888.5
	882.1
	867.6
	
	569.6
	162.0
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	965.7
	962.1
	948.9
	
	651.2
	195.5
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	8.69
	9.1
	9.37
	
	14.32
	20.66
	

	[58]
	Baseline [kbps]
	1840.8
	1495.4
	1102.7
	654.5
	309.7
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	1925.7
	1571.0
	1163.4
	692.7
	333.7
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	4.61%
	5.06%
	5.51%
	5.84%
	7.74%
	
	

	[65]
	Baseline [kbps]
	
	
	1258
	899
	524
	194
	Note 1

	
	Genie [kbps]
	
	
	1524
	1134
	701
	289
	

	
	Practical [kbps]
	
	
	1363
	996
	600
	234
	

	
	Gain with Genie [%]
	
	
	21
	26
	34
	49
	

	
	Gain with Practical [%]
	
	
	8.3
	11
	14
	21
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [kbps]
	157.8
	143.8
	123.5
	
	40.3
	12.2
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	240.3
	232.5
	201.6
	
	74.7
	30.2
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	52.24
	61.72
	63.22
	
	85.56
	[147.45]
	

	[58]
	Baseline [kbps]
	405.3
	173.1
	67.4
	37.5
	27.5
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	501.6
	193.9
	92.1
	50.6
	43.9
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	23.75%
	12.03%
	36.71%
	35.09%
	59.68%
	
	

	[65]
	Baseline [kbps]
	
	
	193
	114
	88
	74
	Note 1

	
	Genie [kbps]
	
	
	243
	179
	150
	101
	

	
	Practical [kbps]
	
	
	190
	136
	111
	74
	

	
	Gain with Genie [%]
	
	
	26
	57
	70
	36
	

	
	Gain with Practical [%]
	
	
	-1.5
	19
	26
	0
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [dB]
	-2.51
	-2.23
	-1.93
	
	4.01
	4.63
	Note 2

Note 3



	
	Gain with Genie [dBm]
	
	
	
	
	
	
	

	
	Gain with Practical [dBm]
	2.62
	2.67
	2.72
	
	2.52
	2.49
	

	[58]
	Baseline [dB]
	15.05
	15.18
	13.68
	10.98
	10.59
	
	Note 1

	
	Gain with Genie [dBm]
	
	
	
	
	
	
	

	
	Gain with Practical [dBm]
	0.71
	0.73
	0.82
	1.04
	1.16
	
	

	[65]
	Baseline [dB]
	
	
	20.09
	19.65
	19.03
	17.62
	Note 1

	
	Gain with Genie [dBm]
	
	
	-0.02
	0.02
	0.21
	0.31
	

	
	Gain with Practical [dBm]
	
	
	-0.05
	-0.02
	0.15
	0.18
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 2: Note that the same RoT target has been used as for the case where the inter-site distance is 1km.

Note 3: Here the power reported for the average UE transmit power only refers to the DPCCH power.




Table 62 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when inter-site distance is 2.8 km.
Table 62: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the inter-site distance is 2.8 km.

	Average data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [kbps]
	937.8
	929.9
	912.9
	
	544.6
	161.7
	Note 2



	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	949.7
	943.5
	926.2
	
	554.5
	165.7
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	1.26
	1.45
	1.44
	
	1.82
	2.48
	

	[58]
	Baseline [kbps]
	1529.5
	1338.5
	981.3
	635.2
	339.5
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	1576.1
	1361.5
	986.3
	626.7
	336.1
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	3.05
	1.72
	0.51
	-1.34
	-1.00
	
	

	[65]
	Baseline [kbps]
	
	
	1111
	772
	462
	179
	Note 1

	
	Genie [kbps]
	
	
	1253
	934
	576
	239
	

	
	Practical [kbps]
	
	
	1094
	795
	472
	180
	

	
	Gain with Genie [%]
	
	
	13
	21
	25
	33
	

	
	Gain with Practical [%]
	
	
	-1.5
	3.0
	2.2
	0.6
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [kbps]
	138.4
	132.1
	118.9
	
	33.3
	14.5
	Note 2



	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	147.4
	140.7
	130.2
	
	42.7
	19.2
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	6.44
	6.47
	9.48
	
	28.44
	32.8
	

	[58]
	Baseline [kbps]
	372.7
	244.3
	74.5
	43.0
	9.6
	
	Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	371.8
	308.3
	92.2
	49.0
	32.9
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-0.24
	26.23
	23.84
	13.90
	241.29
	
	

	[65]
	Baseline [kbps]
	
	
	144
	96
	75
	64
	Note 1

	
	Genie [kbps]
	
	
	199
	129
	99
	90
	

	
	Practical [kbps]
	
	
	143
	90
	67
	60
	

	
	Gain with Genie [%]
	
	
	38
	36
	32
	40
	

	
	Gain with Practical [%]
	
	
	-0.7
	-0.6
	-11
	-0.06
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [dBm]
	-3.05
	-2.76
	-2.47
	
	2.93
	3.36
	Note 2

Note 3



	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.56
	0.57
	0.56
	
	0.57
	0.60
	

	[58]
	Baseline [dBm]
	15.2
	14.8
	13.3
	11.2
	10.2
	
	Note 1

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.60
	0.71
	0.73
	0.79
	0.88
	
	

	[65]
	Baseline [dBm]
	
	
	20.14
	19.68
	18.83
	17.40
	Note 1

	
	Gain with Genie [dB]
	
	
	0.13
	0.09
	-0.05
	0.24
	

	
	Gain with Practical [dB]
	
	
	0.11
	0.03
	-0.15
	0.05
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 2: Note that the same RoT target has been used as for the case where the inter-site distance is 1km.

Note 3: Here the power reported for the average UE transmit power only refers to the DPCCH power.




Table 63 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA0.1 channel when the inter-site distance is 2.8 km.
Table 63: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA0.1 channel when the inter-site distance is 2.8 km.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [kbps]
	894.3
	889
	875.2
	
	645
	202.3
	
Note 1

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	981.3
	978.7
	968.7
	
	727.7
	232.7
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	9.73
	10.08
	10.68
	
	12.81
	15.05
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [kbps] 
	216
	200.8
	182.7
	
	104.8
	37.7
	
Note 1


	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	338.6
	314.4
	279.5
	
	157.5
	58.3
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	56.76
	56.58
	52.96
	
	50.34
	54.55
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[60]
	Baseline [dBm]
	-3
	-2.76
	-2.49
	
	3
	4.09
	
Note 1
Note 2

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	2.96
	2.98
	3.08
	
	3.09
	2.89
	



Note 1: Note that the same RoT target has been used as for the case where the inter-site distance is 1km.

Note 2: Here the power reported for the average UE transmit power only refers to the DPCCH power.

7.2.2.2
Results for -4dB long-term antenna imbalance and 2D antennas

Table 64 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and the inter-site distance is 2.8 km.
Table 64: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [kbps]
	1840.8
	1495.4
	1128.0
	654.5
	309.7
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	1853.4
	1528.7
	1174.0
	704.3
	342.6
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.69%
	2.23%
	4.08%
	7.61%
	10.64%
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [kbps] 
	405.3
	173.1
	54.6
	37.5
	27.5
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	411.0
	128.8
	54.5
	36.5
	23.1
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	1.40%
	-25.56%
	-0.25%
	-2.47%
	-15.75%
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [dBm]
	15.05
	15.18
	13.89
	10.98
	10.59
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.43
	-0.51
	-0.48
	-0.57
	-0.44
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
Table 65 presents the average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long-term antenna imbalance of -4dB and the inter-site distance is 2.8 km.
Table 65: Average user data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel when the second antenna is associated with a long term antenna imbalance of -4dB.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [kbps]
	1530.8
	1282.9
	989.0
	636.4
	335.8
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	1517.0
	1263.2
	994.7
	647.3
	343.3
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	-0.90%
	-1.54%
	0.58%
	1.71%
	2.25%
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [kbps] 
	318.7
	210.6
	65.3
	26.5
	32.2
	
	Note 1

	
	Genie [kbps]
	 
	
	
	
	
	
	

	
	Practical [kbps]
	278.9
	179.6
	51.7
	3.6
	10.0
	
	

	
	Gain with Genie [%]
	 
	
	
	
	
	
	

	
	Gain with Practical [%]
	-12.5%
	-14.7%
	-20.8%
	-86.2%
	-68.9%
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[58]
	Baseline [dBm]
	16.0
	14.7
	13.6
	12.0
	9.3
	
	Note 1

	
	Gain with Genie [dB]
	 
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.53
	-0.57
	-0.65
	-0.71
	-0.84
	
	


Note 1: Ideal SIR estimation has been assumed when generating the TPC commands.
*************************************** TEXT END ************************************
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