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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 an editorial consolidation of the text proposals in [1]-[7].
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>

4
Description of Uplink Transmit Diversity Algorithms

4.1
Theoretical Analysis of Uplink Transmit Diversity

A theoretical gain analysis of both genie open loop switched antenna and beamforming algorithms in the single path independent and identically distributed (i.i.d.) Rayleigh fading channel (no antenna imbalance) under some ideal assumptions is presented below. The gains computed here serve as a reference for the design of practical transmit diversity schemes. 

4.1.1
No Transmit Diversity
For the baseline system of one transmit antenna and dual receive antennas, under the assumption of perfect inner loop power control to achieve combined receive power target P (the ideal assumptions include: no delay, no feedback error, and  no quantization), the channel is instantaneously inverted by the power control. The average required transmit power is
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where 

· [image: image3.png]i



 indicates the channel between receive antenna [image: image5.png]


 and transmit antenna [image: image7.png]


, 

· [image: image9.png]E[Z]



 represents the expectation of random variable [image: image11.png]


. 

· The channels [image: image12.png]i



 have an i.i.d. distribution of complex Gaussian with zero mean and variance 0.5 per complex dimension. 

· The distribution of the random variable [image: image14.png]|hyq]% + Ry [P



, that was used in evaluating the above integral can be found on page 62 of [3].
4.1.2
Switched Antenna Transmit Diversity

Assume that ideal channel state information is available at the UE. Then the instantaneously best transmit antenna which has the larger channel gain will be chosen for the transmission. Furthermore, with the assumption of perfect inner loop power control (to achieve combined receive power target P), the instantaneous transmit power is 
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The average transmit power needed for switched antenna scheme is
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In order to evaluate the above expectation, the probability distribution of the denominator within the expectation can be derived as follows:

Define two random variables 
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 . They are independent and identically distributed with probability distribution function 
. The probability distribution function of the random variable  can be further derived based on the well known formula for maximum of two independent random variables in [3], which yields
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Finally, the expectation is evaluated as follows:
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Thus relative to the baseline, there is ideally a 3 dB gain by using switched antenna transmit diversity
4.1.3
Beam-forming Transmit Diversity

For the beamforming case, assuming that ideal channel state information is available at the UE side, the optimal beamforming vector (refer to Section 8.2.3 of [4]) is the dominant eigenmode of the channel matrix  
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. If it is used at the UE transmitter, then the channel gain is the dominant eigenvalue of the random matrix . Under the assumption of perfect inner loop power control (to achieve combined receive power target P), the average transmit power needed for beamforming is
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Thus relative to the baseline, there is ideally 4.1 dB gain by using beamforming transmit diversity. The expression of the probability distribution function of [image: image31.png]A3



can be found as follows:

The joint distribution of ordered eigenvalues of the Wishart matrix 
[image: image32.wmf]*
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 is [5]:
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Taking the marginal distribution of 
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, we arrive at the distribution of .

4.2
Genie Algorithms

The genie algorithms described here serve the purpose of establishing upper bounds for the potential system performance gains that can be achieved with uplink transmit diversity in HSPA.
4.2.1
Switched Antenna Transmit Diversity

. 

Figure 1 shows a high level block diagram of open loop switched antenna transmit diversity between a UE and a NodeB,.
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Figure 1: Block Diagram of Switched Antenna Transmit Diversity

Let 
[image: image40.wmf])
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 denote the lth path of the propagation channel from transmit antenna j to receive antenna i in time slot k of a radio frame.
We define the reference UE transmitter algorithm for genie open loop switched antenna transmit diversity as follows:

· Every radio frame (10ms), the reference UE transmitter makes a decision on whether to switch the transmit antennas or not.

· Transmit Antenna j (j = 1,2)  is selected if 
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 in the previous frame is the maximum for that antenna. Note that this selection is based on perfect knowledge of the of the channel information 
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 at the UE. 

· Long term and short term antenna imbalances as defined in Section 5.3.1 are modeled sequentially (and thus fully accounted for).
The  NodeB receiver is assumed to be unaware that the UE is in open loop switched antenna transmit diversity mode i.e. no changes are made to the NodeB receiver processing (synchronization, channel estimation, demodulation, decoding) to accommodate UEs in open loop switched antenna transmit diversity mode

The above combination of UE transmitter and NodeB receiver serves as a genie switched antenna transmit diversity algorithm against which practical open loop switched antenna transmit diversity UEs can be compared. 
4.2.2
Beamforming Transmit Diversity

Figure 2 presents a high level block diagram of beamforming transmit diversity between a UE and a NodeB.
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Figure 2: Block Diagram of Beamforming Transmit Diversity

Let 
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 denote the lth path of the propagation channel from transmit antenna j to receive antenna i in time slot k of a radio frame.

Define the set of 2x2 channel matrices as
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We define the reference UE transmitter algorithm for genie open loop beamforming transmit diversity as follows:

· Every slot (0.667 ms) k,  the reference UE beamformer applies a weight vector 
[image: image46.wmf][
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· Both antennas have equal gain and the amplitudes of the input signal to both the antennas are equal.
· Long term and short term antenna imbalances as defined in Section 5.3.1 are modeled sequentially
The  NodeB receiver is assumed to be unaware that the UE is in open loop beamforming transmit diversity mode i.e. no changes are made to the NodeB receiver processing (synchronization, channel estimation, demodulation, decoding) to accommodate UEs in this mode.

The above combination of UE transmitter and NodeB receiver serves as a genie beamforming transmit diversity algorithm against which practical open loop beamforming transmit diversity UEs can be compared. 

4.3
Practical Algorithms

4.3.1
Switched Antenna Transmit Diversity

The reference practical algorithm for SATD for use in CELL_DCH is described as follows (Tx1b in [6]):

1.
Let TPC command DOWN be represented by -1 and TPC command UP by +1. Then let the UE accumulate all received TPC commands. 

2.
At each frame border the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.

3.
If the same transmit antenna has been used for X consecutive frames the UE automatically switches antenna. Note that the UE accumulates TPC commands continuously as long as a switch does not occur.

4.
Every time an antenna switch occurs the accumulated TPC sum is reset to 0

A suitable setting for X equals 14 radio frames. In the case a UE is in SHO the combined TPC is considered in the algorithm.

4.3.2
Beamforming Transmit Diversity

In the following three different practical BFTD algorithms for use in CELL_DCH and 1 practical BFTD algorithm for the purpose of random access are described:

Practical BFTD Algorithm 1 [6] for use  in CELL_DCH:
1. Every 6 time slots (4 ms) the UE transmitter applies a new weight vector. 
2. TPC commands are accumulated over the evaluation period, defined as the time between two consecutive weight vector changes. The default evaluation period is 6 slots.
3. The new weight vector is selected by adding 
[image: image48.wmf]1
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 to the codebook index 
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 used in the previous period. 
4. The UE is furthermore assumed to store the direction that the weight vector was updated with at the previous change. 
5. If the accumulated TPC commands suggest less transmitted power (number of down commands > number of up commands), the direction is kept otherwise it is changed.

In the case a UE is in SHO the combined TPC is considered in the algorithm.
Practical BFTD Algorithm 2 [7], [8] in CELL_DCH:
This algorithm periodically adds a phase offset (
[image: image50.wmf]d

) to the relative phase of the two transmit signals. The existing uplink power control command is used as the feedback and is input into the algorithm. The algorithm then determines the suitable phase is in the region of larger radian (degrees) or in the region of smaller radian (degrees) and make a phase move by (
[image: image51.wmf]e

) degrees (or not move at all).  The transmit beam is formed and dynamically steered toward the serving base station by the relative phase (plus the phase difference by the path difference and fading). 

The algorithm is described in more detail as follows:
1. The algorithm is based on the combined TPC.

2. The phase offset, 
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, can be 48 degrees, 
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can be 12 degrees.

3. Let TPC command DOWN be represented by -1 and TPC command UP by +1. 
a. Initial relative phase between two transmitters 
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for the first slot (#1 slot). 
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is kept zero until two TPC commands become available to the UE.
b. Apply relative phase for the next slot 
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c. Determine new relative phase:
a. if TPC1>TPC2, 
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b. if TPC2>TPC1, 
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c. otherwise, no change
Note that TPC1 and TPC2 correspond to slot (1,2),(3,4), .., (i*2-1, i*2), where i=1 to n.
d. Apply relative phase for the next slot  
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e. Go to step b
The above algorithm can be implemented in two ways:

1. Asymmetric phase implementation:
In this implementation, the phase of the transmit signal from the first antenna is kept constant and the relative phase is applied only to the transmit signal from the second antenna.
2. Symmetric phase implementation:

In this implementation, half of the relative phase is applied to the transmit signal from the first antenna and the other half of the relative phase is applied with an opposite sign to the transmit signal from the second antenna.
Practical BFTD Algorithm 3 [9] for use in CELL_DCH:

Consider the uplink beamforming weight vector 
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. The Phase Tracking beamforming algorithm performs tracking of the phase 
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 of the complex weight 
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 using information accumulated over 
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 time slots (minus a number of slots equal to the SNR feedback delay). The beamforming vector calculation is updated every 
[image: image66.wmf]N

slots. Once a new weight vector is computed, it is applied with no additional delay.

1. Let a TPC command DOWN be represented by -1 and a TPC command UP by +1. The phase changes are applied in steps 
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, according to the following procedure.

2. Denote by 
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 the value of the phase 
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 at time zero. Compute the initial phase 
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3. Wait for an interval of 
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slots, and accumulate the TPC commands received over the last 
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slots, where 
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 is the TPC feedback delay. If the accumulated TPC command is positive, set 
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 and derive the new weight 
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4. After the 
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-th phase change, wait for an interval of 
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slots, and accumulate the TPC commands received over the last 
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Typical design parameters for the above algorithm are 
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9 slots
Practical BFTD algorithm [8] for use in CELL_FACH state.

In the case when the BFTD capable UE has at least one full-power PA, the UE may skip the algorithm below and perform legacy RACH procedures as defined today.

In the case the BFTD capable UE does not utilize full-power PA (e.g. with 2 half-power PAs), it may not have sufficient power to initiate a call and then the following beamforming algorithm may be used for the purpose of random access:

1. An initial value for the phase difference (between the two transmit signals) may be any arbitrary initial value (e.g., 0 degrees).  

2. The initial phase is applied to the first preamble. 

3. If acknowledgement from the base station is NOT received before the next preamble is scheduled to send, the relative phase is increased by a certain amount (say, 96 degrees) and is applied to the next transmit preamble.

4. The new relative phase keeps increasing a certain amount per preamble period until the acknowledgement is received. 

5. This procedure can cross the different call sequences, if necessary

5
Link and System Evaluation Methodology

5.1
Link Simulation Assumptions

The simulation parameters used in the link level analysis are summarized in Table 1. An asterisk (*) is used to indicate simulation cases of lower priority. Note that the link level results presented in Chapter 6 are based on ideal decoding of E-DPCCH. 
Table 1: Parameters used in the link level evaluations. The values are based on [15].

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH
HS-DPCCH (*)
DPDCH (*)

	E-DCH TTI [ms]
	2
10 (*)

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020
2ms TTI: 307 (*)
10ms TTI: 1032 (*)

DPDCH: 12.2 kbps AMR (*)

	Number of physical data channels and spreading factor
	2ms TTI TBS2020: 2xSF2

2ms TBS307: 1xSF8 (*)

10ms TTI TBS1032: 1xSF8 (*)

DPDCH: 1xSF64 (*)

	20*log10(βed/βc) [dB]
	2ms TTI TBS2020: 9
2ms TTI TBS307: 8 (*)
10ms TTI TBS1032: 10(*)

	20*log10(βec/βc) [dB]
	2ms TTI: 2
10ms TTI: -2 (*)

	20*log10(βhs/βc) [dB]
	2 

	Number of H-ARQ Processes
	2ms TTI: 8
10ms TTI: 4 (*)

	Target Number of H-ARQ Transmissions
	2ms TTI: 4

10ms TTI: 2(*)

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic – 3 slot filtering

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4%

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Propagation Channel
	AWGN, PA3, VA30
VA120 (*)

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	+3, 0, -3, -6

	UE Tx Antenna Correlation
	0.3, 0

0.7 (*)

	UE Rx Antenna Correlation
	0
0.3 (*)

	UE DTX
	OFF
ON (*)

	UE DTX Parameters
	DTX cycle = 16ms (*)
DPCCH burst length = 4ms (*)


5.2 Link Performance Evaluation Metrics

The following performance measures are used when evaluating the link level simulations:

· Received Eb/N0

· Transmitted Ec/No
· Number of antenna switches per second
· Distribution of amplitude and phase changes at the UE transmitter
· Distribution of amplitude and phase changes at the Node-B receiver.

The performance measures have previously been summarized in [18] and for the sake of clarity we highlight that transmitted 
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5.3
System Simulation Assumptions

5.3.1
Modelling of Antenna Imbalance

The difference in characteristics between the two transmit antennas are modelled by means of a long-term and short-term antenna imbalance. The long-term antenna imbalance is attributed to differences in antenna efficiency and form factor considerations. Thus it is a UE specific variable and the size of it is determined by antenna design. While this in part can be controlled in the manufacturing process, RAN1 has not evaluated the feasiblity (e.g., additional costs) of ensuring that the two antennas are balanced. The short-term antenna imbalance is attributed to e.g. body effects and antenna imperfections. Thus this will vary spatially. For simplicity, the short-term antenna imbalance in the system evaluations is assumed to be

· Independent between different links. 

· Constant throughout the simulations (i.e. no temporal effects are taken into account).

To summarize, each UE is associated with one value describing the long-term antenna imbalance and a set of values describing the short-term antenna imbalances. Note that both the long-term and the short-term antenna imbalance are modelled with an offset that is applied to the second antenna only. This is illustrated in Figure 3


[image: image91]
Figure 3: Illustration of how an UE is affected by the long-term antenna imbalance LT and short-term antenna imbalance XST,i. 
The long and short term antenna imbalance has been evaluated in [10],[11],[12],[13],[14],[16],[17] by means of field measurements combined with simulation experiments. 

In the analysis the antenna pattern in the far field is described by its 3 dimensional complex response consisting of the vertical and horizontal polarization components. The radiation pattern can then be written as 
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 is the azimuth angle, 
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 are the unit vectors that form the bases. Figure 4 illustrates the bases under which the antenna pattern measurements were made.

[image: image99]
Figure 4: Measurement basis for the capture of the 3-D complex response of the antenna.

When evaluating the antenna imbalance associated with a particular device, the antenna imbalance was measured for several different angles of departures. For each specific angle of departure  (realizations) the following methodology was used to compute the antenna imbalance:

1. Generate an incident power distribution. 

Discrete case: For the case where a discrete number of outgoing rays are considered the incident power distribution is 
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. The azimuth angle for the n:th ray 
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 at the UE is generated from a truncated Laplace distribution 
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 are used for both antennas when computing the antenna imbalance for a particular realization (if the discrete model is used).

Continuous case: For the case where an infinite number of departing rays are considered the distribution of the azimuth angle is described by a Laplace distribution 
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with a standard deviation AS =
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.  Figure 5 shows the probability distribution function that was used to compute the antenna imbalance.

2. For each antenna compute the power received at the receiving antenna. 

Discrete case: For the case with a discrete number of outgoing rays this is performed as 
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 is the far-field gain pattern for antenna i=1,2 and 
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Continuous case: For the case where an infinite number of outgoing rays is considered the energy at a specific angle of departure 
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is the probability distribution function describing the 3 dimensional angle of spread.
3. Compute the antenna imbalance for the realization. In linear scale this is given as P1()/P2() for the specific angle of departure . 

The statistics of the antenna imbalance associated with a particular device is then obtained by computing the imbalance at different angle of departure.
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Figure 5: Probability distribution function of the zero-mean Laplace distribution with standard deviation /6.

In [11] the antenna imbalance for devices equipped with two antennas was evaluated. The evaluation was based on the methodology described above and it assumed a discrete number of outgoing rays. The far-field antenna pattern of the antennas was measured in anechoic chambers and in Figure 6 the far-field antenna gain pattern for a few of the studied devices is presented.

To obtain sufficient statistics 500,000 realizations were studied for each device. Together the realizations were used to create an empirical distribution of the antenna imbalance associated with the particular device. To determine the long-term and short-term antenna imbalance a single Gaussian model was matched to the empirical distribution. Figure 7 presents the empirical and the matched single Gaussian model associated with the devices for which a gain pattern was presented in Figure 6.
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Figure 6: Illustration of the far-field antenna gain pattern for a few of the devices evaluated in [11]
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Figure 7: PDF of the antenna imbalance for a few devices for a case where the angular spread is 30 degrees. In the figures the blue solid line represents the empiric probability distribution function and the red dashed line corresponds to the matched single Gaussian model. [11]

Table 2 summarizes the standard deviation associated with the Gaussian model for the studied devices. In [11] three different angular spreads were considered and it should be noted that in all cases a total of 20 rays of equal power have been considered. (This is similar to a setting where the SCM model is used and the power associated with all clusters except the strongest one can be neglected.)
Table 2: Estimated standard deviation associated with the single-Gaussian model. [11]

	Terminal
	Estimated standard deviation

	
	AS=30
	AS=50
	AS=70

	1
	1.2197
	0.8532
	0.7220

	2
	1.4792
	1.0638
	0.8383

	3
	1.0917
	0.8978
	0.7500

	4
	0.5872
	0.4781
	0.4000

	5
	2.4178
	1.8624
	1.4960

	6
	3.5093
	2.6291
	2.0556

	7
	1.8069
	1.2505
	0.9627

	8
	2.2702
	1.8511
	1.5573

	9
	2.2736
	1.8285
	1.5290

	10
	4.0772
	3.2101
	2.6134

	11
	1.7499
	1.3487
	1.0799

	12
	2.7153
	2.1954
	1.8275

	13
	3.0059
	2.3976
	1.9936

	Mean
	2.1695
	1.6820
	1.3712


A similar analysis as the one provided in [11] was performed in [17]. The following cases were analyzed
· Line of sight scenario: In this case the variance of the Laplace distribution (angular spread AS) was assumed to be zero. 
· Non line of sight scenario: In this case the angular spread is modelled by the Laplace distribution with a standard deviation equal to 30 degrees.

An elevation 
[image: image122.wmf]q

 of 0 and 30 degrees were studied and the antenna form factor associated with a laptop, handset, and dongle were studied. Figure 8 shows an example of a laptop configuration with multiple antennas. Antenna pattern measurements were made for each of the antennas shown. The antenna imbalance is computed for two of the four antennas (Ant 2 and Ant 3). 
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Figure 8: Test configuration for obtaining measurements for multiple antennas in a laptop. [17]

Figures 9 to 14 show the antenna imbalance distributions for a few different devices. The imbalance computations were made based on measured antenna patterns. The measurements were made in the PCS band.
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Figure 9: Antenna imbalance measurements for the PCS band using laptop antenna in a LOS environment [17]
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Figure 10: Antenna imbalance measurements for the PCS band using handset antennas in a NLOS environment. [17]
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Figure 11: Antenna imbalance measurement for the PCS band using handset antennas in a LOS  environment. [17]
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Figure 12: Antenna imbalance measurements for the PCS band using handset antennas in a LOS environment. [8]
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Figure 13: Antenna imbalance measurements for the PCS band using handset antennas in a LOS environment [17].
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Figure 14: Antenna imbalance measurements for the PCS band using Dongle antennas in a LOS environment [17]. 
The antenna imbalance was also analyzed in [16]. Therein one dual-antenna operating in the PCS was studied. The far-field antenna pattern of this dual-antenna device was measured in an anechoic chamber and the resulting antenna patterns for different elevation are presented in Figure 15 to Figure 18. 
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Figure 15: Far-field pattern at an elevation of 0 degrees [16].

[image: image137.emf]-20.00

-15.00

-10.00

-5.00

0.00

5.00

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

ANT A

ANT B


Figure 16: Far-field antenna pattern at an elevation of 30 degrees [16].
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Figure 17: Far-field antenna pattern at an elevation of 90 degrees [16].
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Figure 18: Far-field antenna pattern at an elevation of 180 degrees [16].

Following the methodology described above the average difference in antenna pattern gain for this dual-antenna device assuming a zero angular spread was 2.07 dB while the standard deviation was 2.85 dB. 
In [14], imbalance measurements based on field data were presented. The tests were performed using different antennas and in different bands. Specifically, the antennas considered were a) Wire Inverted F Antenna (WIFA) antenna, b) Dongle Antenna and c) Smartphone Antenna. The tests were conducted in the AWS, PCS (1850-1990 MHz), IMT, and Cellular (850MHz) bands. The data was collected by regularly switching every 100ms (10 frames) between the two antennas. The results were obtained for a) stationary and mobile channel environments, and b) indoor and outdoor settings. The data was also averaged over time (100ms – 1s) periods. The latter was done to reduce the effects due to channel variations (i.e. fast fading). 

Figures 19 through 23 shows the distribution of the measured antenna imbalance in these tests,Figure 19 shows the distribution of the short term antenna imbalance between the two antennas collected for outdoor and indoor settings for the AWS band. The antennas used are WIFA antennas. The data collected was for a number of stationary channel conditions. For the long term, the two antennas are considered to be balanced. 
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Figure 19: Antenna imbalance measurements for the AWS band using antennas; Measurements taken in Outdoor and Indoor environments

The mean and standard deviation was obtained from the measurements obtained and a Gaussian curve with the observed mean and standard deviation is also plotted. It can be seen that the ideal Gaussian curves match well with the measured data. Note that the percentage of imbalance observed beyond 6dB is ~11% for outdoor environment and ~16% for indoor environment
Figure 20 shows the antenna imbalance measurements for the PCS band with dongle antennas. The data was obtained across different channel conditions.  The figure shows the Gaussian equivalent of the measure data with the same mean and standard deviation. The mean of the observed data corresponds to the long term imbalance between the two antennas. It can be seen that the diversity antenna is around -2dB weaker than the primary antenna
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Figure 20: Antenna imbalance measurements for the PCS band using dongle antennas.

Figure 21 shows the antenna imbalance measurements for the IMT band with dongle antennas. The data was obtained across different channel conditions.  As in the figure, the long term imbalance between the two antennas is around -2dB. The short term imbalance is well modeled by a Gaussian curve with a standard deviation equivalent to the observed data. Note also that the percentage of the imbalance above 6dB, if zero mean is assumed is ~8%.
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Figure 21: Antenna imbalance measurements for the IMT band using dongle antennas;

Figure 22 shows the antenna imbalance measurements for the Cellular band with dongle antennas. The data was obtained across different channel conditions. In this case, the long term imbalance is seen to be around 1.4dB. The short term imbalance measurements fit well with the Gaussian curve with equivalent statistics. Note that the percentage of imbalance beyond 6 dB, if assuming zero-mean is ~ 8%.
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Figure 22: Antenna imbalance measurements for the Cellular band using dongle antennas;
Figure 23 shows the antenna imbalance measurements for the PCS band with antennas in a Smartphone. Compared to the dongles, smartphones can support larger spatial separation and thus less correlation between the antennas. The data was obtained by periodically switching between the antennas for a quasi-stationary channel. Each set of measurements was recorded for a stationary location and different measurements were recorded by changing locations. This data corresponds to what would realistically be seen in a handset with two transmit antennas
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Figure 23: Antenna imbalance measurements for the PCS band using handset antennas;
As in the previous test cases, the measured data is well approximated with a Gaussian curve with equivalent second order statistics. The long term imbalance seen is around -2dB and the standard deviation of the short term imbalance is seen to be 4.4dB. 
From Figures 19-23 shown above, the following are observed

· The measured data can be approximated by a Gaussian distribution

· The long term imbalance is around -2dB for the studied dongle and the studied smartphone antennas.
· The short term imbalance exceeds +-6dB a significant portion of the time.

Based on the combined results presented in [11],[12],[13],[14],[16],[17],[19] it was concluded that:
· The long-term antenna imbalance can be described by a constant value taking on the value of -4 and 0 dB.
· The short-term antenna imbalance can be modelled as a zero-mean Gaussian random variable with standard deviation 2.25 dB. These values are also reflected in Table 3 summarizing the system simulation assumptions. 
5.3.2
System Simulation Parameters

The parameters used in the system evaluations are summarized in Table 3. Notice that an asterisk (*) is used to indicate simulation cases of lower priority.

Table 3: Parameters used in the system level evaluations. These are based on [6].

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000
2800 (*)

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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Case 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 8 degrees down tilt (*)

Case 3 (3D ant): Based on 36.814, Table A.2.1.1.2 (*)
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is the electrical antenna downtilt. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
                                                              

	Channel Model
	AWGN, PA3, VA30
PA0.1 (*)

SCM Urban Macro 3 km/h (*)

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer
VoIP (*)

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Best effort data)
Variable (VoIP) (*)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target BLER = 1%

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB]

(Note 1)
	0, -4

	Short-term antenna imbalance [dB] 

(Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25



	UE Tx Antenna Correlation
	0.3, 0
0.7 (*)

	UE Rx Antenna Correlation
	0
0.3 (*)

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair


Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.
Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link   basis. Once generated, the short term imbalance does not change for the duration of the simulation.

5.4
System Performance Evaluation Metrics

The following performance measures are considered when evaluating the system performance:

· Average user throughput as a function of cell throughput.

· 10th, 50th and 90th percentile user throughput.

· Average and 90th percentile noise rise levels.

· Average, 10th, 50th and 90th percentile of the UE transmit power.

· Number of antenna switches per second.

· VoIP outage as a function of number of users (*)

· VoIP outage is defined as the percentage of users in outage.

· A VoIP user is said to be in outage when more than 3% of vocoder frames are lost.

The performance measures have previously been summarized in [18].
6
Link Evaluation Results

6.1
Switched Antenna Transmit Diversity

6.1.1
Genie Algorithms


6.1.1
Genie Algorithms

Tables 4, 5, 6 and 7 contain the simulation results for the genie antenna switching algorithm defined in Section 4.2.1. The maximum number of antenna switches per second is 100.

Table 4: Switched antenna Rx Ec/No gains with antenna imbalance. Genie algorithm
	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[32]
	0
	0
	-0.1
	0
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[29]
	
	-0.21
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0
	0.1
	0
	0.1
	· Causal 3-slot channel estimation  with equal weights

	
	[21]
	-0.21
	-0.08
	-0.21
	-0.14
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	-0.3
	-0.3
	-0.3
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.07
	-0.12
	-0.1
	-0.04
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.3 ... 0.0
	-0.3 ... 0.1
	-0.3 ... 0.0
	-0.14...0.1
	

	VA30
	[32]
	-0.07
	-0.21
	-0.18
	-0.04
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[29]
	
	-0.2
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.2
	-0.1
	-0.1
	0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	-0.15
	-0.32
	-0.15
	-0.01
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	-0.1
	-0.1
	-0.1
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.07
	-0.35
	-0.1
	-0.04
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.15 ... 0.2
	-0.35 ... -0.1
	-0.18 ... -0.1
	-0.04 ... 0.1
	


Table 5: Switched antenna Rx Ec/No gains with antenna correlation. Genie algorithm

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[32]
	0
	0
	0
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[29]
	-0.21
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.1
	0
	0
	· Causal 3-slot channel estimation  with equal weights

	
	[21]
	-0.08
	-0.10
	-0.13
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	-0.3
	
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.11
	-0.11
	-0.09
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.3 ... 0.1
	-0.11 ... 0
	-0.13 ...0
	

	VA30
	[32]
	-0.21
	-0.17
	-0.05
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[29]
	-0.2
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	-0.1
	-0.3
	-0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	-0.32
	-0.27
	-0.19
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	-0.1
	
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.35
	-0.29
	-0.15
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.35 ... -0.1
	-0.3 ... -0.17
	-0.19 ... -0.05
	


Table 6: Switched antenna Tx Ec/No gains with antenna imbalance. Genie algorithm

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

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[32]
	4.22
	2.41
	1.05
	0.34
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[19]
	
	[0.98]
	
	
	· Causal 3-slots channel estimation with equal weights

	
	[29]
	
	2.46
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	4.3
	2.7
	1.4
	0.7
	· Causal 3-slot channel estimation  with equal weights

	
	[21]
	3.65
	1.92
	0.65
	0.15
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	3.8
	1.8
	0.8
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	4.5
	2.7
	1.4
	0.6
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	3.65 ...4.5
	1.8 ... 2.7
	0.65 ... 1.4
	0.15 ... 0.7
	

	VA30
	[32]
	2.79
	0.05
	-0.35
	-0.08
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[19]
	
	-0.09
	
	
	· Causal 3-slots channel estimation with equal weights

	
	[29]
	
	0.09
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	3.0
	0.1
	-0.2
	0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	2.71
	-0.15
	-0.29
	-0.02
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	3.4 
	0.8
	0.4
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	2.78
	-0.05
	-0.23
	-0.05
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	2.71 ... 3.4
	-0.15 ... 0.8
	-0.35... 0.4
	-0.08 ... 0.1
	


Table 7: Switched antenna Tx Ec/No gains with antenna correlation. Genie algorithm

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[32]
	2.41
	2.32
	1.81
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[19]
	[0.98]
	
	
	· Causal 3-slots channel estimation with equal weights

	
	[29]
	2.46
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	2.7
	2.6
	2.0
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	1.92
	1.86
	1.39
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	1.8
	
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	2.68
	2.55
	2.0
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	1.8 ... 2.7
	1.86 ... 2.6
	1.39 ... 2.0
	

	VA30
	[32]
	0.05
	0.06
	0.09
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[19]
	-0.09
	
	
	· Causal 3-slots channel estimation with equal weights

	
	[29]
	0.09
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.1
	0
	0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	-0.15
	-0.08
	-0.03
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	0.8
	
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.05
	0
	0.04
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.15 ... 0.8
	-0.08 ... 0.06
	-0.03 ... 0.1
	


Tables 8, 9, 10 and 11 contain the simulation results for the genie antenna switching algorithm defined in Section 4.3.1 with different settings for the maximum number of antenna switches per second. The results have been contributed in [36]

Table 8: Switched antenna Rx Ec/No gains with antenna imbalance. Genie algorithm; Maximum Switch Frequency – 25, 50Hz
	Antenna Switch Frequency 
	Channel Model
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	100
	PA3
	0
	0
	-0.1
	0
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.07
	-0.21
	-0.18
	-0.04
	· 

	50
	PA3
	-0.10
	-0.10
	0.00
	-0.10
	· 

	
	VA30
	-0.07
	-0.15
	-0.04
	-0.06
	· 

	25
	PA3
	
	-0.20
	
	
	· 

	
	VA30
	
	-0.07
	
	
	· 


Table 9: Switched antenna Rx Ec/No gains with antenna correlation. Genie algorithm; Maximum Switch Frequency – 25, 50Hz

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	100
	PA3
	0
	0
	0
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.21
	-0.17
	-0.05
	· 

	50
	PA3
	-0.10
	0.00
	-0.10
	· 

	
	VA30
	-0.15
	-0.13
	-0.04
	· 

	25
	PA3
	-0.20
	
	
	· 

	
	VA30
	-0.07
	
	
	· 


Table 10: Switched antenna Tx Ec/No gains with antenna imbalance. Genie algorithm; Maximum Switch Frequency – 25, 50Hz
	Antenna Switch Frequency 
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	100
	PA3
	4.22
	2.41
	1.05
	0.34
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	2.79
	0.05
	-0.35
	-0.08
	· 

	50
	PA3
	4.14
	2.35
	1.08
	0.23
	· 

	
	VA30
	2.58
	0.08
	-0.45
	-0.21
	· 

	25
	PA3
	
	1.67
	
	
	· 

	
	VA30
	
	0.06
	
	
	· 


Table 11: Switched antenna Tx Ec/No gains with antenna correlation. Genie algorithm; Maximum Switch Frequency – 25, 50Hz

	Antenna Switch Frequency 
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	100
	PA3
	2.41
	2.32
	1.81
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	0.05
	0.06
	0.09
	· 

	50
	PA3
	2.35
	2.28
	1.69
	· 

	
	VA30
	0.08
	0.07
	0.09
	· 

	25
	PA3
	1.67
	
	
	· 

	
	VA30
	0.06
	
	
	· 


6.1.2
Practical Algorithms


Tables 12, 13, 14 and 15 contain the simulation results for the practical antenna switching algorithm defined in Section 4.3.1 with forced switching after 14 frames. The maximum number of antenna switches per second is 100.

Table 12: Switched antenna 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
	[21]
	-0.36
	-0.28
	-0.36
	-0.72 
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	-0.53
	-0.41
	-0.45
	-0.73
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	
	[36]
	-0.40
	-0.40
	-0.40
	-0.70
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	-0.4
	-0.4
	-0.4
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.53 ... -0.35
	-0.41 ... -0.24
	-0.45 ... -0.32
	-0.73 ... -0.55
	

	VA30
	[21]
	-0.31
	-0.21
	-0.31
	-0.58
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	-0.23
	-0.10
	-0.26
	-0.47
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	-0.10
	-0.08
	-0.08
	-0.41
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	-0.1
	-0.1
	-0.1
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.31 ...-0.1
	-0.21 ... -0.1
	-0.31 ... -0.1
	-0.58…-0.41
	


Table 13: Switched antenna Rx Ec/No gains with antenna correlation. Practical algorithm

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[21]
	-0.28
	-0.26
	-0.20
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	-0.41
	-0.29
	-0.26
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	-0.40
	-0.30
	-0.20
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	-0.4
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.41 ... -0.28
	-0.30 …-0.26
	-0.26 …-0.20
	

	VA30
	[21]
	-0.32
	-0.27
	-0.19
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	-0.10 
	-0.12
	-0.04
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	-0.08
	-0.11
	0.02
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	-0.1
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.32 ... -0.08
	-0.27 …-0.11
	-0.19 …0.02
	


Table 14: Switched antenna Tx Ec/No gains with antenna imbalance. Practical algorithm

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

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[21]
	2.85
	0.99
	-0.15
	-1.11
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	3.13
	1.42
	0.10
	-0.76
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	2.93
	1.03
	-0.09
	-1.25
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	3.2
	0.4
	0.2
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	2.81 ... 3.2
	0.4 ... 1.42
	-0.15 ... 0.2
	-1.25 ... -0.76
	

	VA30
	[21]
	2.06
	-0.15
	-0.94
	-1.17
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	2.12
	0.02
	-0.89
	-1.09
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	2.23
	-0.02
	-0.69
	-1.03
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	3.1
	0.2
	0.1
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	2.06 ... 3.1
	-0.15 ... 0.2
	-0.94 ... 0.1
	-1.17 ... -1.03
	


Table 15: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[21]
	0.99
	1.00
	0.63
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	1.42
	1.45
	1.02
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	1.03
	1.21
	0.76
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	0.4
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	0.4 ... 1.42
	1.00 … 1.45
	0.63 … 1.02
	

	VA30
	[21]
	-0.15
	-0.08
	-0.03
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	0.02
	0
	0.02
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	-0.02
	-0.05
	0.01
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	0.2
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.15 ... 0.2
	-0.08 … 0
	-0.03 …0.02
	


Tables 16, 17, 18 and 19 contain the simulation results for for the practical antenna switching algorithm defined in Section 4.3.1 with forced switching after 14 frames for different settings for the maximum number of antenna switches per second. The results have been contributed in [36]
Table 16: Switched antenna Rx Ec/No gains with antenna imbalance. Practical algorithm; Maximum Switch Frequency – 25, 50Hz
	Antenna Switch Frequency 
	Channel Model
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	100
	PA3
	-0.40
	-0.40
	-0.40
	-0.70
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.10
	-0.08
	-0.08
	-0.41
	· 

	50
	PA3
	-0.30
	-0.30
	-0.40
	-0.40
	· 

	
	VA30
	-0.04
	-0.04
	-0.08
	-0.24
	· 

	25
	PA3
	
	-0.20
	
	
	· 

	
	VA30
	
	0.05
	
	
	· 


Table 17: Switched antenna Rx Ec/No gains with antenna correlation. Practical algorithm; Maximum Switch Frequency – 25, 50Hz

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	100
	PA3
	-0.40
	-0.30
	-0.20
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.08
	-0.11
	0.02
	· 

	50
	PA3
	-0.30
	-0.20
	-0.10
	· 

	
	VA30
	-0.04
	-0.08
	-0.02
	· 

	25
	PA3
	-0.20
	
	
	· 

	
	VA30
	0.05
	
	
	· 


Table 18: Switched antenna Tx Ec/No gains with antenna imbalance. Practical algorithm; Maximum Switch Frequency – 25, 50Hz
	Antenna Switch Frequency 
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	100
	PA3
	2.93
	1.03
	-0.09
	-1.25
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	2.23
	-0.02
	-0.69
	-1.03
	· 

	50
	PA3
	2.46
	0.76
	-0.70
	-1.61
	· 

	
	VA30
	2.31
	0.00
	-0.80
	-1.17
	· 

	25
	PA3
	
	0.22
	
	
	· 

	
	VA30
	
	0.05
	
	
	· 


Table 19: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm; Maximum Switch Frequency – 25, 50Hz

	Antenna Switch Frequency 
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	100
	PA3
	1.03
	1.21
	0.76
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.02
	-0.05
	0.01
	· 

	50
	PA3
	0.76
	0.68
	0.51
	· 

	
	VA30
	0.00
	-0.08
	-0.06
	· 

	25
	PA3
	0.22
	
	
	· 

	
	VA30
	0.05
	
	
	· 


Tables 20, 21, 22 and 23 contain the simulation results for the practical antenna switching algorithm defined in Section 4.3.1 with forced switching after 4 frames. The maximum number of antenna switches per second is 100.

Table 20: Switched antenna Rx Ec/No gains with antenna imbalance. Practical algorithm

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

	
	
	Antenna Imbalance

	
	
	3dB
	0dB
	-3dB
	-6dB

	PA3
	[23]
	-1.2
	-0.1
	-0.8
	

	
	[20]
	-1.3
	-1
	-1.3
	-2.1

	
	[32]
	-1.01
	-0.7
	-0.94
	-1.85

	Range
	
	-1.3 ... -1.01
	-1.0 ... -0.1
	-1.3 ... -0.8
	-2.1 ... -1.85

	VA30
	[23]
	-0.8
	-0.2
	-0.5
	

	
	[20]
	-0.7
	-0.4
	-0.7
	-1.4

	
	[32]
	-0.54
	-0.22
	-0.49
	-1.27

	Range
	
	-0.8 ... -0.54
	-0.4 ... -0.2
	-0.7 ... -0.49
	-1.4 ... -1.27


Table 21: Switched antenna Rx Ec/No gains with antenna correlation. Practical algorithm

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

	
	
	Antenna Correlation

	
	
	0
	0.3
	0.7

	PA3
	[23]
	-0.1
	
	

	
	[20]
	-1
	-1
	

	
	[32]
	-0.7
	-0.7
	-0.4

	Range
	
	-1.0 ... -0.1
	-1.0 ... -0.7
	-0.4

	VA30
	[23]
	-0.2
	
	

	
	[20]
	-0.4
	-0.3
	

	
	[32]
	-0.22
	-0.17
	-0.14

	Range
	
	-0.4 ... -0.2
	-0.3 ... -0.17
	-0.14


Table 22: Switched antenna Tx Ec/No gains with antenna imbalance. Practical algorithm

	Channel Model
	References
	UE Tx Ec/No gain over one Tx UE [dB]

	
	
	Antenna Imbalance

	
	
	3dB
	0dB
	-3dB
	-6dB

	PA3
	[23]
	3
	1.8
	0
	

	
	[20]
	2
	0.5
	-1
	-2.5

	
	[32]
	2.58
	1.08
	-0.45
	-2.12

	Range
	
	2.0 ... 3.0
	0.5 ... 1.8
	-1 ... 0
	-2.5 ... -2.12

	VA30
	[23]
	2.5
	0.2
	-0.2
	

	
	[20]
	1.4
	-0.2
	-1.6
	-2.7

	
	[32]
	1.62
	-0.08
	-1.37
	-2.53

	Range
	
	1.4 ... 2.5
	-0.2 ... 0.2
	-1.6 ... -0.2
	-2.7 ... -2.53


Table 23: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm

	Channel Model
	References
	UE Tx Ec/No gain over one Tx UE [dB]

	
	
	Antenna Correlation

	
	
	0
	0.3
	0.7

	PA3
	[23]
	1.8
	
	

	
	[20]
	0.5
	0.5
	

	
	[32]
	1.08
	1.04
	0.79

	Range
	
	0.5 ... 1.8
	0.5 ... 1.04
	0.79

	VA30
	[23]
	0.2
	
	

	
	[20]
	-0.2
	-0.1
	

	
	[32]
	-0.08
	-0.08
	-0.01

	Range
	
	-0.2 ... 0.2
	-0.1 ... -0.08
	-0.01


6.1.3
HS-DPCCH Performance in Soft Handover with Switched Antenna Transmit Diversity
6.1.3.1
Notation
GTx1->A : The antenna gain for the link from Antenna 1 (Tx1) to A which is the serving NodeB

GTx2->A : The antenna gain for the link from Antenna 2 (Tx2) to A which is the serving NodeB
GTx1->B : The antenna gain for the link from Antenna 1 (Tx1) to B which is the non-serving NodeB

GTx2->B : The antenna gain for the link from Antenna 2 (Tx2) to B which is the non-serving NodeB

IA->B : The imbalance between the two links from UE Antenna 1 to A and from UE Antenna 1 to B where A and B are the two NodeB’s in the active set. The UE is in soft handover. In other words IA->B = GTx1->A- GTx1->B
These variables along with the simulation framework are shown in Figure 24.
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Figure 24: Simulation framework where the UE is in soft handover with Serving NodeB A and Non-Serving NodeB B.
The imbalance between the antennas (Tx1 and Tx2) is different for the links to the serving and non-serving NodeB’s. They are indicated below:

IUE->A =  GTx1->A - GTx2->A : The imbalance between the two transmit antennas Tx1 and Tx2 for the radio link to the serving NodeB A.

IUE->B =  GTx1->B - GTx2->B : The imbalance between the two transmit antennas Tx1 and Tx2 for the radio link to the non-serving NodeB B.
It is assumed in the simulation that the path loss to the serving and non-serving NodeB’s are the same. Therefore,

IA->B = GTx1->A- GTx1->B = 0dB.

6.1.3.2
HS-DPCCH Performance 
Table 24 shows the HS-DPCCH ACK/NACK Miss detection and Decoding error rate performance when SATD is applied at the UE. In this simulation framework, the UE is in soft handover with two cells in the active set.
Table 24: HS-DPCCH ACK/NACK performance due to SATD in SHO
	SATD
	HS-DPCCH ACK/NACK miss detection and decoding error rate  [%]@ C/P=4dB

 (Baseline value, SATD value)  

	SHO Link Imbalance
	IA->B = 0dB

	  Serving Cell

Imbalance IUE->A
	IUE->A= 0dB

	Non Serving Cell

Imbalance IUE->B
	IUE->B = 0dB
	IUE->B = 3dB
	IUE->B = -3dB

	PA3
	(0.8%, 0.8%)†
	(0.8%, 2%)
	(0.8%, 0.55%)

	VA30
	(0.02%, 0.03%)
	(0.02%, 0.02%)
	(0.02%, 0.01%)


† The data format in the table is (Baseline value, SATD value).
Table 25 shows the HS-DPCCH CQI Decoding error rate performance when SATD is applied at the UE. In this simulation framework, the UE is in soft handover with two cells in the active set.

Table 25: HS-DPCCH CQI performance loss due to SATD in SHO

	SATD
	HS-DPCCH CQI decoding error rate [%]@ C/P=0dB

(Baseline value, SATD value)  

	SHO Link Imbalance
	IA->B = 0dB.

	  Serving Cell

Imbalance IUE->A
	IUE->A= 0dB

	Non Serving Cell

Imbalance IUE->B
	IUE->B = 0dB
	IUE->B = 3dB
	IUE->B = -3dB

	PA3
	(1%, 1.2%)†
	(1%, 2.6%)
	(1%, 0.9%)

	VA30
	(0.06%, 0.08%)
	(0.06%, 0.06%)
	(0.06%, 0.06%)


† The data format in the table is (Baseline value, SATD value).
6.1.4
Sensitivity with respect to the BLER operating point

The evaluations presented above have been performed at an operating point where the residual BLER target after the 4th transmission is 1 percent. In this section we therefore evaluate the relative gain in Tx and Rx Ec/No as a function of different BLER targets (after the first transmission). Note that the evaluation only is performed for the case where the antenna imbalance is 0 dB. 

Table 26 presents the relative gain in Tx Ec/N0 and Table 27 presents the relative gain in Rx Ec/No for different BLER levels for the switched antenna diversity algorithms. 

Table 26: Results showing Tx Ec/No relative gains with respect to reference case without Tx diversity for a scenario without transmit antenna correlation as a function of the BLER target after first transmission. [21]

	BLER@ first transmission [%]
	2
	5
	10
	20
	30
	40
	50

	PA3

	SATD Genie
	2.06
	1.83
	1.92
	2.05
	1.91
	1.89
	1.94

	SATD Prac
	0.65
	0.97
	0.96
	1.21
	0.99
	1
	1.18

	VA30

	SATD Genie
	-1.4
	-0.5
	-0.25
	-0.23
	-0.18
	-0.08
	-0.08

	SATD Prac
	-0.52
	-0.41
	-0.26
	-0.22
	-0.22
	-0.05
	-0.1


Table 27: Results showing Rx Ec/No relative gains with respect to reference case without Tx diversity for a scenario without transmit antenna correlation as a function of the BLER target after first transmission. [21]

	BLER@ first transmission [%]
	2
	5
	10
	20
	30
	40
	50

	PA3

	SATD Genie
	0.02
	-0.08
	-0.03
	-0.05
	-0.08
	-0.19
	-0.17

	SATD Prac
	-0.68
	-0.41
	-0.28
	-0.26
	-0.34
	-0.35
	-0.17

	VA30

	SATD Genie
	-1.55
	-0.7
	-0.43
	-0.41
	-0.36
	-0.30
	-0.31

	SATD Prac
	-0.6
	-0.42
	-0.37
	-0.3
	-0.27
	-0.17
	-0.21


6.2
Beamforming Transmit Diversity

6.2.1
Genie Algorithms


Tables 28, 29, 30 and 31 contain the simulation results for the genie beamforming algorithm defined in Section 4.2.2.
Table 28: Beamforming Rx Ec/No gains with antenna imbalance. Genie algorithm
	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[25]
	-0.1
	-0.1
	-0.1
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	
	 [22]
	0.0
	0.01
	0.00
	-0.04
	· Non-causal 3-slot channel estimation with equal weights.

	
	[34]
	
	0.2
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

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

	
	[30]
	-0.02
	0.05
	0.05
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.0
	0.1
	0.1
	0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[42]
	0.04
	0
	0
	0
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	Range
	
	-0.1… 0.04
	-0.1… 0.2
	-0.1… 0.1
	-0.04… 0.1
	

	VA30
	[25]
	-0.2
	-0.2
	-0.2
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	-0.08
	-0.03
	-0.08
	0.08
	· Non-causal 3-slot channel estimation with equal weights.

	
	[34]
	
	-0.02
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[27]
	
	-0.20
	
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	
	-0.21
	
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.2
	0.2
	0.2
	0.2
	· Causal 3-slot channel estimation with equal weights.

	
	[42]
	-0.24
	0
	0.07
	0.12
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	Range
	
	-0.24… 0.2
	-0.21… 0.2
	-0.2… 0.2
	0.08… 0.2
	


Table 29: Beamforming Rx Ec/No gains with Tx antenna correlation. Genie 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
	[25]
	-0.1
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	0.01
	0.07
	0.08
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	0
	0
	0
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	0.2
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

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

	
	[30]
	0.05
	0.01
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.1
	0.1
	0.1
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	-0.1… 0.2
	0.01… 0.1
	0.08… 0.1
	

	VA30
	[25]
	-0.2
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	-0.03
	0.0
	-0.01
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	0
	-0.03
	0.02
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	-0.02
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[27]
	-0.2
	-0.3
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	-0.21
	-0.13
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.2
	0.1
	0.2
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	-0.21… 0.2
	-0.3… 0.1
	-0.01… 0.2
	


Table 30: Beamforming Tx Ec/No gains with antenna imbalance. Genie algorithm

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

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[25]
	4.6
	2.8
	1.6
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	4.63
	3.01
	1.63
	0.47
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	5.45
	3.78
	2.38
	1.19
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	
	3.21
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[27]
	
	3.5
	
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[19]
	
	2.24
	
	
	· Causal 3-slot channel estimation with equal weights.

	
	[30]
	5.21
	3.68
	2.31
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	5.0
	3.6
	2.2
	1.1
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	4.6… 5.45
	2.24… 3.78
	1.6… 2.38
	0.47… 1.19
	

	VA30
	[25]
	2.8
	1.0
	-0.2
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	3.19
	1.56
	0.19
	-0.65
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	2.72
	1.41
	0.21
	-0.7
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	
	1.49
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[27]
	
	1.8
	
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[19]
	
	1.22
	
	
	–Causal 3-slot channel estimation with equal weights

	
	[30]
	
	1.41
	
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	3.4
	1.8
	0.5
	-0.5
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	2.8… 3.4
	1.0… 1.8
	-0.2… 0.5
	-0.65… -0.5
	


Table 31: Beamforming Tx Ec/No gains with Tx antenna correlation. Genie algorithm

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

	
	
	Tx Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[25]
	2.8
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	3.01
	3.11
	3.17
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	3.78
	3.69
	3.49
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	3.21
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[27]
	3.5
	3.5
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[19]
	2.24
	
	
	–Causal 3-slot channel estimation with equal weights

	
	[30]
	3.68
	3.39
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	3.6
	3.6
	3.4
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	2.24… 3.78
	3.11… 3.69
	3.17… 3.49
	

	VA30
	[25]
	1.0
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	1.56
	1.75
	2.37
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	1.41
	1.54
	2.32
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	1.49
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[27]
	1.8
	1.9
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[19]
	1.22
	
	
	· Causal 3-slot channel estimation with equal weights.

	
	[30]
	1.41
	2.06
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	1.8
	1.9
	2.6
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	1.0… 1.8
	1.54… 2.06
	2.32… 2.6
	


6.2.2
Practical Algorithms

y

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 4
· 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.

	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 4
· 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.

	Range
	
	-1.6… -0.12
	-1.0… -0.18
	-0.5… -0.12
	-0.3… 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 4
· 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.

	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 4
· 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.

	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 4
· 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 4
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	-0.09 ... 0.33
	


Table 35: Beamforming Tx Ec/No gains with antenna imbalance. Practical algorithm

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

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[38]
	2.9
	1.6
	0.4
	-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]
	3.09
	1.45
	0.09
	-0.81
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	2.7
	1.5
	0.0
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	
	1.14
	0.01
	-1.26
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[35]
	3.35
	1.71
	0.20
	
	· 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]
	
	1.2
	
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	4.24
	2.72
	1.27
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	
	2.38
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	1.9
	1.0
	0.1
	-0.7
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	1.9… 4.24
	1.0… 2.72
	0.01… 1.27
	-1.26… -0.5
	

	VA30
	[38]
	0.8
	-0.6
	-1.5
	-2.2
	· 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]
	1.78
	-0.08
	-1.22
	-2.08
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	1.5
	-1.1
	-1.4
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	-0.22
	-1.46
	-2.19
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[35]
	2.21
	0.54
	-0.83
	
	· 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]
	
	-0.3
	
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

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

	
	[31]
	
	-0.37
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	0.4
	-0.8
	-1.6
	-2.2
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	-0.22… 2.21
	-1.46… 0.54
	-2.19… -0.83
	-2.2… -2.08
	


Table 36: Beamforming Tx Ec/No gains with antenna correlation. Practical algorithm

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

	
	
	Tx Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[42]
	1.6
	1.6
	2.0
	· 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]
	1.45
	1.56
	2.02
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	1.5
	
	
	· Practical BFTD Algorithm 2
· OLPC off

· Non-causal 3-slot channel estimation

	
	[34]
	1.14
	1.22
	1.54
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[35]
	1.71
	1.74
	2.30
	· 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]
	1.2
	1.4
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	2.72
	2.73
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	2.38
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	1.0
	1.1
	1.7
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	1.0… 2.72
	1.1… 2.73
	1.54… 2.30
	

	VA30
	[42]
	-0.6
	0.3
	1.6
	· 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]
	-0.08
	0.65
	1.73
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-1.1
	
	
	· Practical BFTD Algorithm 2
· OLPC off

· Non-causal 3-slot channel estimation

	
	[34]
	-0.22
	0.13
	0.98
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[35]
	0.54
	0.77
	1.69
	· 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]
	-0.3
	0.1
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	0.04
	1.86
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	-0.37
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-0.8
	0.3
	1.5
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	-0.8… 0.54
	0.1… 1.86
	0.98… 1.73
	


Table 37  contains the simulation results for practical antenna switching algorithms 2 and 4 defined in Section 4.3.2 with Tx and Rx correlations = 0.3.

Table 37: 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]
	2.94
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	2.77
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	2.77… 2.94
	

	VA30
	[30]
	1.89
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	2.15
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	1.89 ... 2.15
	


6.3
Uplink Transmit Diversity Link Level Simulations with Discontinuous Transmission
6.3.1
Discontinuous transmission description

Voice over IP service of 160 kbps was simulated for practical switched antenna and beamforming  transmit diversity schemes. One data packet was generated every 16 ms. DPCCH transmission precedes data transmission on E-DPDCH by 2 slots and follows it by 1 slot totalling 4 ms (6 slots) of DPCCH transmission every 16 ms.
6.3.2
Link level simulation results

Gain due to DTX columns in the following tables compare the Tx diversity gains achieved in the presence of DTX with the gains achieved in the absence of DTX (negative value indicates less improvement when discontinuous transmission is present).

Table 38 – Tx and Rx Ec/No gains - Practical Switched Antenn Diversity scheme, no antenna correlation, no antenna imbalance [33]
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	-0.50
	0.92
	0.30
	0.14

	VA3
	-0.30
	0.30
	0.00
	0.01

	VA30
	-0.10
	-0.01
	0.20
	0.10


Table 39 – Tx and Rx Ec/No gains – Practical Beamforming scheme, no antenna correlation, no antenna imbalance [33]
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	-0.45
	0.88
	-0.05
	-0.38

	VA3
	-0.20
	0.26
	0.00
	-0.22

	VA30
	-0.10
	-0.10
	-0.10
	-0.06


6.4
Conclusion on Link Evaluation Results

.
6.4.1
Switched Antenna Transmit Diversity

The simulation results with practically implementable algorithms on switched antenna transmit diversity for balanced and uncorrelated antennae show that in PedA 3 km/h channel, a reduction (gain) up to 1.42 dB in the UE uplink transmit power can be achieved. In VehA 30 km/h channel, UE transmit power more similar to that of the single antenna case can be observed, difference ranging from 0.15 dB loss to 0.2 dB gain. For more stringent BLER targets compared to the reference (1% residual BLER after 4th transmission) worse performance - smaller UE Tx power gains or larger losses - are observed.

In the presence of antenna correlation (balanced antennae), the Tx power gains in PedA 3 km/h channel are somewhat smaller than in case of no antenna correlation. Similarly the loss observed in VehA 30 km/h channel is somewhat reduced.

In the presence of antenna imbalance (uncorrelated antennae), for both studied channels (PedA 3 km/h and VehA 30 km/h), when the secondary antenna has lower gain than the primary (reference) antenna, up to 1.25 dB increase (loss) in UE Tx power is observed. When the secondary antenna has higher gain than the primary (reference) antenna, reductions (gain) up to 2.06 to 3.2 dB in UE Tx powers is seen.

In all simulated cases (PedA 3 km/h and VehA 30 km/h channels for uncorrelated and balanced, uncorrelated and imbalanced, and correlated and balanced antennae), no gains were observed, but typically an increase (loss) up to 0.73 dB is observed for the Node B Rx Ec/No. For more stringent BLER targets compared to the reference (1% residual BLER after 4th transmission) an increased loss in Node B Rx Ec/No is observed.

When the maximum switching frequency is reduced from 100 Hz to 50 or 25 Hz, an overall reduction in the UE Tx power performance is seen – gains decrease or loss increase. Typically, but not consistently a somewhat smaller loss is observed in the Node B Rx Ec/No.
6.4.2
Beamforming Transmit Diversity

The simulation results with practically implementable algorithms on beamforming antenna transmit diversity for balanced and uncorrelated antennae show that in PedA 3 km/h channel, a reduction (gain) in the range of 1.0 to 2.77 dB in the UE uplink transmit power can be achieved. In VehA 30 km/h channel, UE transmit powers range from 1.46 dB loss to 0.54 dB gain relative to the single antenna case.
In the presence of antenna correlation (balanced antennae), the Tx power gains in PedA 3 km/h channel increase slightly and VehA 30 km/h channel shows UE transmit powers ranging from 0.8 dB loss to 2.15 dB gain.
In the presence of antenna imbalance (uncorrelated antennae), when the secondary antenna has lower gain than the primary (reference) antenna, for PedA 3 km/h Tx power performance ranging from 1.26 dB loss to 1.27 dB gain is observed. For VehA 30 km/h all simulated cases indicate loss from 0.83 dB to 2.2 dB. When the secondary antenna has higher gain than the primary (reference) antenna, significant gains up to 4.24 dB are observed for PedA 3 km/h channel. For VehA 30 km/h channel a range from small loss to 2.2 dB gain in UE Tx power is seen.

In all simulated cases (PedA 3 km/h and VehA 30 km/h channels for uncorrelated and balanced, uncorrelated and imbalanced, and correlated and balanced antennae) an increase (loss) typically in the range of 0.1 to 0.5 dB is observed for the Node B Rx Ec/No although in some cases loss up to 2.1 dB and gain up to 0.23 dB is seen.

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
	

	[43]
	Baseline [kbps]
	2779
	2137
	1496
	840
	430
	140
	Note 1 

	
	Genie [kbps]
	3155
	2334
	1611
	953
	501
	184
	

	
	Practical [kbps]
	2966
	2114
	1511
	864
	436
	153
	

	
	Gain with Genie [%]
	13.5
	9.2
	7.7
	13.5
	16.5
	31.4
	

	
	Gain with Practical [%]
	6.7
	-1
	1
	2.9
	1.4
	9.2
	

	[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
	

	[49]
	Baseline [kbps]
	
	
	1840.5
	720.9
	281.8
	60.4
	Note 4

Note 5

Note 6

	
	Genie [kbps]
	
	
	2153.30
	836.60
	336.54
	75.75
	

	
	Practical [kbps]
	
	
	1804.10
	691.82
	273.95
	57.47
	

	
	Gain with Genie [%]
	
	
	17
	16.1
	19.4
	25.4
	

	
	Gain with Practical [%]
	
	
	-2
	-4
	-3
	-5
	

	[51]
	Baseline [kbps]
	2114
	1864
	1787
	942
	395
	
	Note 2

	
	Genie [kbps]
	2162
	1944
	1986
	1127
	471
	
	

	
	Practical [kbps]
	2091
	1860
	1835
	989
	405
	
	

	
	Gain with Genie [%]
	2.26
	4.33
	11.12
	19.67
	19.34
	
	

	
	Gain with Practical [%]
	-1.09
	-0.21
	2.66
	4.95
	2.65
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[43]
	Baseline [kbps]
	935
	290
	240
	120
	115
	45
	Note 1

	
	Genie [kbps]
	1310
	445
	280
	160
	145
	-
	

	
	Practical [kbps] 
	1270
	498
	280
	155
	105
	60
	

	
	Gain with Genie [%]
	40
	53
	16
	33
	26
	
	

	
	Gain with Practical [%]
	35.8
	71.7
	16.6
	29.1
	-9
	33
	

	[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
	

	[49]
	Baseline [kbps]
	
	
	710.67
	366.17
	168.38
	34.76
	Note 4

Note 5

Note 6

	
	Genie [kbps]
	
	
	994.67
	512.10
	222.55
	48.82
	

	
	Practical [kbps]
	
	
	736.80
	368.82
	165.41
	34.46
	

	
	Gain with Genie [%]
	
	
	40.0
	39.9
	32.2
	40.5
	

	
	Gain with Practical [%]
	
	
	4
	1
	-2
	-1
	

	[51]
	Baseline [kbps]
	1727
	1185
	1182
	457
	261
	
	Note 2

	
	Genie [kbps]
	1756
	1273
	1497
	710
	347
	
	

	
	Practical [kbps]
	1715
	1196
	1294
	503
	271
	
	

	
	Gain with Genie [kbps]
	1.73
	7.41
	26.71
	55.41
	32.84
	
	

	
	Gain with Practical [kbps]
	-0.65
	0.95
	9.55
	9.94
	3.72
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[43]
	Baseline [dBm]
	10.60
	9.97
	8.45
	6.86
	4.72
	1.61
	Note 1

	
	Gain with Genie [dB]
	1.92
	1.66
	1.54
	1.67
	1.31
	1.22
	

	
	Gain with Practical[dB] 
	1.66
	1.52
	1.49
	1.52
	1.51
	1.69
	

	[44]
	Baseline [dBm]
	-18.48
	-18.39
	-17.52
	
	-11.99
	-10.41
	Note 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical[dB]
	1.62
	1.67
	1.8
	
	1.54
	1.29
	

	[49]
	Baseline [dBm]
	
	
	4.54
	 1.16
	-1.80
	-4.28
	Note 4

Note 5

Note 6

	
	Gain with Genie [dB]
	
	
	0.58
	1.09
	0.56
	0.91
	

	
	Gain with Practical [dB]
	
	
	0.29
	0.48
	-0.23
	0.18
	

	[51]
	Baseline [dBm]
	2.17
	2.18
	1.77
	0.37
	-2.38
	
	Note 2

	
	Gain with Genie [dB]
	1.70
	1.71
	1.62
	1.03
	1.23
	
	

	
	Gain with Practical [dB]
	0.94
	0.95
	0.88
	0.63
	0.71
	
	


Note 1: Somewhat different resulting RoT for the different cases was observed.
Note 2: Receiver algorithm losses are modelled by an SNR backoff 0.25dB for the studied cases.
Note 3: Here the average transmit power refers to the DPCCH power.

Note 4: The practical algorithm has assumed that an enforced antenna switch occur every 4th frame.

Note 5: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 6: Simulation targets 10% BLER after first transmission.
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
	

	[43]
	Baseline [kbps]
	1985
	1553
	1130
	731
	381
	134
	Note 1

	
	Genie [kbps]
	2046
	1563
	1142
	726
	389
	146
	

	
	Practical [kbps]
	2014
	1522
	1099
	701
	371
	139
	

	
	Gain with Genie [%]
	2
	.6
	1
	-1
	2
	9
	

	
	Gain with Practical [%]
	1.5
	-2
	-3
	-4.1
	-2.6
	3.7
	

	[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
	

	[49]
	Baseline [kbps]
	
	
	1287.1
	595.7
	253.7
	46.9
	Note 4

Note 5

Note 6

	
	Genie [kbps]
	
	
	1317.1
	612.58
	266.47
	50.0
	

	
	Practical [kbps]
	
	
	1237.3
	573.7
	248.3
	44.3
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	
	
	-4
	-4
	-2
	-5
	

	[51]
	Baseline [kbps]
	1836
	1565
	1529
	775
	324
	
	Note 2

	
	Genie [kbps]
	1859
	1592
	1579
	809
	337
	
	

	
	Practical [kbps]
	1805
	1537
	1506
	760
	314
	
	

	
	Gain with Genie [%]
	1.26
	1.75
	3.26
	4.48
	3.96
	
	

	
	Gain with Practical [%]
	-1.67
	-1.77
	-1.55
	-1.9
	-3.18
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[43]
	Baseline [kbps]
	1030
	355
	215
	165
	95
	45
	Note 1

	
	Genie [kbps]
	1070
	315
	220
	155
	85
	
	

	
	Practical [kbps]
	985
	330
	200
	165
	80
	50
	

	
	Gain with Genie [%]
	3.9
	-11.3
	2.3
	-6.0
	-10.5
	
	

	
	Gain with Practical [%]
	-4.4
	-7.1
	-7
	0
	-15.8
	11.1
	

	[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
	

	[49]
	Baseline [kbps]
	
	
	1287.1
	595.7
	253.7
	46.9
	Note 4

Note 5

Note 6

	
	Genie [kbps]
	
	
	1317.1
	612.6
	266.5
	50.0
	

	
	Practical [kbps]
	
	
	1237.3
	573.7
	248.3
	44.3
	

	
	Gain with Genie [%]
	
	
	2.33
	2.8
	5.1
	6.6
	

	
	Gain with Practical [%]
	
	
	-7
	-3
	-3
	-3
	

	[51]
	Baseline [kbps]
	1308
	834
	808
	391
	219
	
	Note 2

	
	Genie [kbps]
	1338
	854
	886
	434
	236
	
	

	
	Practical [kbps]
	1282
	810
	769
	389
	212
	
	

	
	Gain with Genie [%]
	2.26
	2.40
	9.66
	11.11
	8.6
	
	

	
	Gain with Practical [%]
	-1.96
	-2.89
	-4.84
	-0.64
	-2.85
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[43]
	Baseline [dBm]
	9.98
	9.35
	8.08
	6.23
	4.01
	1.21
	Note 1

	
	Gain with Genie [dB]
	1.89
	1.54
	0.83
	0.57
	0.21
	1.39
	

	
	Gain with Practical [dB]
	1.71
	1.56
	0.69
	0.52
	0.5
	1.63
	

	[44]
	Baseline [dBm]
	-18.6
	-18.44
	-17.5
	
	-12.89
	-11.14
	Note 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.38
	0.39
	0.4
	
	0.31
	0.46
	

	[49]


	Baseline [dBm]
	
	
	4.26
	1.06
	-1.75
	-4.34
	Note 4

Note 5

Note 6

	
	Gain with Genie [dB]
	
	
	0.26
	0.19
	0.79
	0.08
	

	
	Gain with Practical [dB]
	
	
	-0.02
	-0.19
	0.33
	-0.38
	

	[51]
	Baseline [dBm]
	3.04
	2.6
	2.19
	0.19
	-2.67
	
	Note 2

	
	Gain with Genie [dB]
	0.74
	0.73
	0.69
	0.59
	0.63
	
	

	
	Gain with Practical [dB]
	0.41
	0.43
	0.43
	0.40
	0.44
	
	


Note 1: Somewhat different resulting RoT for the different cases was observed.
Note 2: Receiver algorithm losses due to antenna switching are modelled by an SNR backoff (0.25dB for the studied cases).
Note 3: Here the average transmit power refers to the DPCCH power.
Note 4: The practical algorithm has assumed that an enforced antenna switch occur every 4th frame.

Note 5: Ideal SIR estimation has been assumed when generating the TPC commands.
Note 6: Simulation targets 10% BLER after initial transmission.
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 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	2.36
	2.45
	2.6
	
	2.22
	1.84
	


Note 3: 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
	

	[45]
	Baseline [kbps]
	3089
	2475
	1684
	1054
	548
	200
	

	
	Genie [kbps]
	3296
	2673
	1825
	1134
	609
	235
	

	
	Practical [kbps]
	3119
	2529
	1726
	1066
	552
	199
	

	
	Gain with Genie [%]
	6.7
	8
	8.4
	7.6
	11.1
	17.5
	

	
	Gain with Practical [%]
	1
	2
	2.5
	1.1
	0.7
	-0.5
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[45]
	Baseline [kbps]
	1325
	620
	300
	185
	165
	85
	

	
	Genie [kbps]
	1410
	665
	400
	180
	185
	
	

	
	Practical [kbps]
	1410
	610
	380
	165
	150
	90
	

	
	Gain with Genie [%]
	6.4
	7.2
	33.3
	-2.7
	12.1
	
	

	
	Gain with Practical [%]
	6.4
	-1.4
	26.7
	-10.8
	-9.1
	5.9
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[45]
	Baseline [dBm]
	14.44
	14.00
	12.8
	11.72
	10.49
	7.86
	

	
	Gain with Genie [dB]
	1.38
	1.11
	1.30
	1.47
	1.32
	1.25
	

	
	Gain with Practical [dB]
	1.10
	0.85
	1.12
	1.26
	1.30
	1.05
	


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
	

	[45]
	Baseline [kbps]
	2106
	1740
	1346
	901
	490
	186
	

	
	Genie [kbps]
	2105
	1714
	1351
	906
	492
	189
	

	
	Practical [kbps]
	2075
	1678
	1320
	876
	470
	177
	

	
	Gain with Genie [%]
	0
	-1.5
	0.3
	0.5
	0.4
	1.6
	

	
	Gain with Practical [%]
	-1.5
	-3.5
	-2
	-2.8
	-4.1
	-4.8
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[45]
	Baseline [kbps]
	1235
	720
	425
	255
	165
	80
	

	
	Genie [kbps]
	1250
	705
	400
	255
	160
	
	

	
	Practical [kbps]
	1185
	620
	370
	230
	140
	70
	

	
	Gain with Genie [%]
	1.2
	-2.1
	-5,9
	0
	-3
	
	

	
	Gain with Practical [%]
	-4.1
	-13.9
	-13
	-9.8
	-15.2
	-12.5
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[45]
	Baseline [dBm]
	13.74
	13.19
	12.91
	11.88
	10.37
	7.31
	

	
	Gain with Genie [dB]
	1.17
	0.88
	0.88
	1.02
	1
	1.29
	

	
	Gain with Practical [dB]
	0.93
	0.80
	0.83
	0.89
	0.99
	1.40
	


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
	

	[43]
	Baseline [kbps]
	2779
	2137
	1496
	839
	430
	140
	

	
	Genie [kbps]
	3052
	2206
	1499
	855
	439
	148
	

	
	Practical [kbps]
	2820
	2056
	1376
	755
	360
	115
	

	
	Gain with Genie [%]
	9.8
	3.2
	0.2
	1.9
	2.1
	5.7
	

	
	Gain with Practical [%]
	1.5
	-3.8
	-8
	-10
	-16.3
	-17.8
	

	[51]
	Baseline [kbps]
	2114
	1864
	1787
	942
	395
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	2054
	1793
	1697
	867
	352
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-2.84
	-3.78
	-5.07
	-7.96
	-10.99
	
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[43]
	Baseline [kbps]
	935
	290
	240
	120
	115
	45
	

	
	Genie [kbps]
	1225
	405
	255
	135
	130
	
	

	
	Practical [kbps]
	1195
	410
	260
	130
	105
	45
	

	
	Gain with Genie [%]
	31
	39.7
	6.3
	12.5
	13
	
	

	
	Gain with Practical [%]
	27.8
	41.3
	8.3
	8.3
	-8.7
	0
	

	[51]
	Baseline [kbps]
	1727
	1185
	1182
	457
	261
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1660
	1117
	1052
	416
	234
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-3.84
	-5.77
	-11
	-9.1
	-10.5
	
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[43]
	Baseline [dBm]
	10.60
	9.97
	8.45
	6.86
	4.72
	1.60
	

	
	Gain with Genie [dB]
	0.19
	0.22
	-0.07
	0.05
	-0.18
	-0.43
	

	
	Gain with Practical [dB]
	-0.05
	-0.06
	-0.25
	0.01
	0.03
	-0.15
	

	[51]
	Baseline [dBm]
	2.17
	2.18
	1.77
	0.37
	-2.38
	
	Note 2

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.34
	-0.28
	-0.23
	-0.15
	-0.21
	
	


Note 2: Receiver algorithm losses due to antenna switching are modelled by an SNR backoff (0.25dB for the studied cases).
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
	

	[44]
	Baseline [kbps]
	1985
	1553
	1129
	730
	380
	134
	

	
	Genie [kbps]
	2025
	1563
	1139
	706
	376
	137
	

	
	Practical [kbps]
	1891
	1456
	1030
	619
	308
	107
	

	
	Gain with Genie [%]
	2
	0.6
	0.8
	-3.3
	-1
	2
	

	
	Gain with Practical [%]
	-4.8
	-6.25
	-8.8
	-15.2
	-19
	-20.2
	

	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]
	1030
	355
	215
	165
	95
	45
	

	
	Genie [kbps]
	1030
	300
	240
	165
	110
	-
	

	
	Practical [kbps]
	900
	315
	205
	145
	75
	35
	

	
	Gain with Genie [%]
	1
	-15.5
	11.6
	0
	15.8
	
	

	
	Gain with Practical [%]
	-12.6
	-11.2
	-4.6
	-12.2
	-21
	-22.2
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[44]
	Baseline [dBm]
	9.98
	9.35
	8.08
	6.23
	4.01
	1.21
	

	
	Gain with Genie [dB]
	0.66
	0.54
	-0.37
	-0.51
	-0.34
	0.33
	

	
	Gain with Practical [dB]
	0.29
	0.17
	-0.61
	-0.60
	-0.30
	0.75
	


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
	

	[45]
	Baseline [kbps]
	3089
	2475
	1684
	1054
	547
	200
	

	
	Genie [kbps]
	3143
	2587
	1729
	1089
	572
	208
	

	
	Practical [kbps]
	2969
	2403
	1597
	985
	497
	168
	

	
	Gain with Genie [%]
	1.8
	4.5
	2.7
	3.3
	4.5
	4
	

	
	Gain with Practical [%]
	-3.9
	-2.9
	-5.2
	-6.6
	-9.2
	-16
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[45]
	Baseline [kbps]
	1325
	620
	300
	185
	165
	85
	

	
	Genie [kbps]
	1355
	710
	290
	205
	165
	
	

	
	Practical [kbps]
	1340
	685
	265
	165
	145
	70
	

	
	Gain with Genie [%]
	2.2
	14.5
	-3.3
	10.8
	0
	
	

	
	Gain with Practical [%]
	1.1
	10.4
	-12
	-10.8
	-12.2
	-17.7
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[45]
	Baseline [dBm]
	14.4
	14.04
	12.82
	11.71
	10.49
	7.86
	

	
	Genie [dB]
	0.03
	0.01
	-0.03
	-0.06
	-0.10
	-0.39
	

	
	Practical [dB]
	-0.18
	-0.22
	-0.23
	-0.25
	-0.07
	-0.14
	


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
	

	[45]
	Baseline [kbps]
	2106
	1740
	1346
	901
	490
	186
	

	
	Genie [kbps]
	2112
	1731
	1351
	899
	493
	184
	

	
	Practical [kbps]
	1981
	1615
	1254
	810
	423
	151
	

	
	Gain with Genie [%]
	0.3
	-0.5
	0.3
	-0.2
	0
	-1.1
	

	
	Gain with practical [%]
	-5.9
	-7.2
	-6.8
	-10.1
	-13.7
	-18.8
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[45]
	Baseline [kbps]
	1235
	720
	425
	255
	165
	80
	

	
	Genie [kbps]
	1255
	720
	440
	255
	165
	
	

	
	Practical [kbps]
	1130
	695
	400
	225
	135
	60
	

	
	Gain with Genie [%]
	1.6
	0
	3.5
	0
	0
	
	

	
	Gain with Practical [%]
	-8.5
	-3.5
	-5.9
	-11.8
	-18.2
	-25
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[45]
	Baseline [dBm]
	13.74
	13.20
	12.91
	11.88
	10.38
	7.31
	

	
	Gain with Genie [dB]
	-0.07
	-0.06
	-0.11
	-0.09
	0.10
	0.27
	

	
	Gain with Practical [dB]
	-0.35
	-0.36
	-0.36
	-0.25
	0.06
	0.39
	


7.1.2 Results for inter-site distance 2.8km

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 3

	
	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
	

	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 3

	
	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
	

	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 3

Note 4

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	1.64
	1.66
	1.67
	
	1.9
	1.57
	


Note 3: The average transmit power refers to the DPCCH power.
Note 4: The same RoT level as for the case with an intersite distance of 1 km was assumed.
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 4

	
	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
	

	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 4

	
	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
	

	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 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.42
	0.44
	0.4
	
	0.36
	0.32
	


Note 3: Here, the average transmit power refers to the DPCCH power.
Note 4: The same RoT level as for the case with an intersite distance of 1 km was assumed.
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
	


7.1.3 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
	

	[46]
	Baseline [kbps]
	2779
	2137
	1496
	839
	423
	140
	

	
	Genie [kbps]
	3068
	2464
	1755
	1022
	534
	196
	

	
	Practical [kbps]
	2949
	2310
	1615
	938
	487
	172
	

	
	Gain with Genie [%]
	10.4
	15.3
	17.3
	21.8
	26.2
	40
	

	
	Gain with Practical [%]
	6.1
	8.1
	7.9
	11.8
	15.3
	22.8
	

	[47]
	Baseline [kbps]
	1233.7
	
	
	
	498.7
	
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1240.5
	
	
	
	460.8
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.55
	
	
	
	-7.59
	
	

	[52]
	Baseline [kbps]
	2114
	1864
	1787
	942
	395
	
	Note 1

	
	Genie [kbps]
	2145
	1947
	2056
	1201
	506
	
	

	
	Practical [kbps]
	2103
	1754
	1728
	878
	354
	
	

	
	Gain with Genie [%]
	1.46
	4.44
	15.0
	27.5
	28.3
	
	

	
	Gain with Practical [%]
	-0.54
	-5.89
	3.33
	-6.74
	-10.4
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [kbps]
	935
	290
	240
	120
	115
	45
	

	
	Genie [kbps]
	1005
	420
	340
	190
	175
	
	

	
	Practical [kbps]
	960
	385
	230
	175
	130
	65
	

	
	Gain with Genie [%]
	7.5
	44.8
	41.7
	58.3
	52.2
	
	

	
	Gain with practical [%]
	2.67
	32.7
	-4.8
	45.8
	13.1
	44.4
	

	[47]
	Baseline [kbps]
	1206.1
	
	
	
	314.9
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1215.4
	
	
	
	280.3
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.77
	
	
	
	-10.97
	
	

	[50]
	Baseline [kbps]
	978
	444
	220
	52
	51
	45
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1019
	467
	249
	66
	51
	50
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	4.19
	5.1
	11.18
	26.92
	0
	11.11
	

	[52]
	Baseline [kbps]
	1727
	1185
	1182
	457 
	261
	
	Note 1

	
	Genie [kbps]
	1735
	1249
	1650
	827
	398
	
	

	
	Practical [kbps]
	1547
	822
	1051
	402
	239
	
	

	
	Gain with Genie [%]
	0.51
	5.35
	39.66
	80.9
	52.2
	
	

	
	Gain with Practical [%]
	-10.4
	-30.7
	-11.1
	-12.1
	-8.67
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [dBm]
	10.60
	9.97
	8.45
	6.86
	4.72
	1.60
	

	
	Gain with Genie [dB]
	2.19
	1.92
	1.92
	1.81
	1.64
	1.39
	

	
	Practical gain with  [dB]
	1.40
	1.27
	1.32
	1.05
	1.33
	1.19
	

	[47]
	Baseline [dBm]
	-18.48
	
	
	
	-11.99
	
	Note 2

Note 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	1.59
	
	
	
	1.61
	
	

	[50]
	Baseline [dBm]
	0.49
	-0.65
	-2.31
	-4.84
	-5.64
	3.62
	

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	1.25
	1.16
	1.21
	1.23
	1.41
	5.01
	

	[52]
	Baseline [dBm]
	2.17
	2.18
	1.77
	0.37
	-2.38
	
	Note 1

	
	Gain with Genie [dB]
	2.06
	1.92
	2.16
	1.36
	1.61
	
	

	
	Gain with Practical [dB]
	-0.51
	-1.3
	-0.09
	0.11
	0.16
	
	


Note 1: Receiver algorithm losses due to the beamforming algorithm are modelled by an SNR backoff (0.5dB for the studied cases).

Note 2: Receiver algorithm losses are modelled by an SNR backoff (0.7-0.9 dB for the studied cases).

Note 3: Here the average transmit power refers to the DPCCH power instead of the average UE transmit power.

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
	

	[46]
	Baseline [kbps]
	1985
	1553
	1129
	730
	380
	134
	

	
	Genie [kbps]
	2110
	1678
	1194
	803
	444
	166
	

	
	Practical [kbps]
	2017
	1598
	1124
	748
	398
	145
	

	
	Gain with Genie [%]
	6.3
	8
	5.8
	10
	16.8
	23.8
	

	
	Gain with Practical [%]
	2.6
	2.9
	-0.5
	2.5
	4.8
	8.2
	

	[47]
	Baseline [kbps]
	1327.2
	
	
	
	475.4
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1300.8
	
	
	
	386.5
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-1.95
	
	
	
	-18.71
	
	

	[52]
	Baseline [kbps]
	1836
	1565
	1529
	775
	324
	
	Note 1

	
	Genie [kbps]
	1882
	1655
	1765
	928
	394
	
	

	
	Practical [kbps]
	1769
	1456
	1445
	715
	293
	
	

	
	Gain with Genie [%]
	2.51
	5.74
	15.37
	19.85
	21.4
	
	

	
	Gain with Practical [%]
	-3.66
	-6.97
	-5.49
	-7.76
	-9.78
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [kbps]
	1030
	355
	215
	165
	95
	45
	

	
	Genie [kbps]
	1075
	520
	350
	190
	90
	
	

	
	Practical [kbps]
	890
	410
	265
	120
	75
	50
	

	
	Gain with Genie [%]
	4.4
	46.5
	62.8
	15.2
	-5.2
	
	

	
	Gain with Practical [%]
	-13.6
	15.5
	23.2
	-27.2
	-21.1
	11.1
	

	[47]
	Baseline [kbps]
	1312.5
	
	
	
	249
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1294.1
	
	
	
	178
	
	

	
	Gain with Genie [%] 
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-1.4
	
	
	
	-28.51
	
	

	[50]
	Baseline [kbps]
	867
	476
	219
	65
	50
	48
	

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	899
	427
	216
	72
	50
	48
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	3.69
	-10.3
	-1.37
	10.77
	0
	0
	

	
	Baseline [kbps]
	1308
	834
	808
	391
	219
	
	Note 1

	
	Genie [kbps]
	1373
	922
	1273
	606
	292
	
	

	
	Practical [kbps]
	1224
	735
	696
	359
	197
	
	

	
	Gain with Genie [%]
	4.99
	10.58
	57.64
	55.03
	33.61
	
	

	
	Gain with Practical [%]
	-6.41
	-11.9
	-13.8
	-8.2
	-9.8
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [dBm]
	9.98
	9.35
	8.07
	6.23
	4.01
	1.21
	

	
	Gain with Genie [dB]
	1.76
	2.14
	1.22
	1.94
	1.28
	0.08
	

	
	Gain with Practical [dB]
	0.89
	0.95
	0.84
	0.82
	0.91
	0.83
	

	[47]
	Baseline [dBm]
	-18.6
	
	
	
	-12.89
	
	Note 2

Note 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.52
	
	
	
	-0.32
	
	

	[50]
	Baseline [dBm]
	1.68
	-0.26
	-2.95
	-4.39
	-6.88
	-3.73
	

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	0.6
	0.72
	0.72
	0.7
	0.63
	0.1
	

	
	Baseline [dBm]
	3.04
	2.6
	2.19
	0.19
	-2.67
	
	

	
	Genie [dB]
	1.51
	1.15
	1.16
	0.92
	1.08
	
	

	
	Practical [dB]
	-0.06
	-0.23
	0.07
	0.13
	0.16
	
	


Note 1: Receiver algorithm losses due to the beamforming algorithm are modelled by an SNR backoff (0.5dB for the studied cases).

Note 2: Receiver algorithm losses are modelled by an SNR backoff (0.7-0.9 dB for the studied cases). 

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

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
	

	[47]
	Baseline [kbps]
	1200.4
	
	
	
	544
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1208.3
	
	
	
	543.5
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.66
	
	
	
	-0.09
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[47]
	Baseline [kbps]
	1194.9
	
	
	
	328.5
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	1200.5
	
	
	
	329.4
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	0.46
	
	
	
	0.28
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[47]
	Baseline [dBm]
	-18.79
	
	
	
	-12.58
	
	Note 2

Note 3

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	2.26
	
	
	
	2.14
	
	


Note 2: Receiver algorithm losses are modelled by an SNR backoff (0.7-0.9 dB for the studied cases). 

Note 3: 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
	

	[48]
	Baseline [kbps]
	3089
	2475
	1684
	1054
	547
	201
	

	
	Genie [kbps]
	3419
	2774
	1888
	1178
	626
	243
	

	
	Practical [kbps]
	3293
	2633
	1787
	1108
	595
	225
	

	
	Gain with Genie [%]
	10.7
	12.1
	12.1
	11.8
	14.4
	20.9
	

	
	Gain with Practical [%]
	6.6
	6.4
	6.1
	5.1
	8.8
	11.9
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[48]
	Baseline [kbps]
	1325
	620
	300
	185
	165
	85
	

	
	Genie [kbps]
	1400
	770
	400
	210
	195
	
	

	
	Practical [kbps]
	1400
	755
	305
	160
	165
	100
	

	
	Gain with Genie [%]
	5.7
	24.2
	33.3
	13.5
	18.2
	
	

	
	Gain with Practical [%]
	5.7
	21.8
	1.7
	-13.5
	0
	17.7
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[48]
	Baseline [dBm]
	14.44
	14.0
	12.82
	11.71
	10.49
	7.86
	

	
	Gain with Genie [dB]
	1.76
	1.43
	1.66
	1.93
	1.97
	2.02
	

	
	Gain with Practical [dB]
	1.16
	0.89
	1.14
	1.23
	1.25
	1.25
	


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
	

	[48]
	Baseline [kbps]
	2106
	1740
	1346
	901
	490
	186
	

	
	Genie [kbps]
	2214
	1794
	1431
	976
	545
	213
	

	
	Practical [kbps]
	2137
	1747
	1376
	929
	504
	189
	

	
	Gain with Genie [%]
	5.1
	3.1
	6.3
	8.3
	11.2
	14.5
	

	
	Gain with Genie [%]
	1.5
	0.4
	2.2
	3.1
	2.9
	1.6
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[48]
	Baseline [kbps]
	1250
	720
	425
	255
	165
	80
	

	
	Genie [kbps]
	1280
	680
	435
	315
	170
	
	

	
	Practical [kbps]
	1205
	625
	400
	285
	160
	75
	

	
	Gain with Genie [%]
	2.4
	-5.6
	2.4
	23.5
	3
	
	

	
	Gain with Practical [%]
	-3.6
	-13.2
	-5.8
	11.7
	-3
	-6.25
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[48]
	Baseline [dBm]
	13.74
	13.2
	12.91
	11.89
	10.38
	7.31
	

	
	Gain with Genie [dB]
	1.75
	1.37
	1.71
	1.47
	1.56
	1.40
	

	
	Gain with Practical [dB]
	1.01
	0.84
	0.89
	1.11
	1.06
	1.04
	


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
	

	[46]
	Baseline [kbps]
	2779
	2137
	1496
	839
	430
	140
	

	
	Genie [kbps]
	3017
	2329
	1609
	900
	454
	151
	

	
	Practical [kbps]
	2893
	2192
	1506
	829
	405
	128
	

	
	Gain with Genie [%]
	8.5
	9
	7.6
	7.3
	5.6
	7.9
	

	
	Gain with Practical [%}
	4.1
	2.6
	0.7
	-1.2
	-5.8
	-8.6
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [kbps]
	935
	290
	240
	120
	115
	45
	

	
	Genie [kbps]
	1020
	395
	325
	165
	130
	
	

	
	Practical [kbps]
	945
	260
	225
	145
	100
	45
	

	
	Gain with Genie [%]
	9.1
	36.2
	35.4
	37.5
	13.04
	
	

	
	Gain with Practical [%]
	1
	-10.4
	-6.25
	20.8
	-13
	0
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [dBm]
	10.6
	9.97
	8.46
	6.87
	4.72
	1.60
	

	
	Gain with Genie [dB]
	-0.37
	-0.50
	-0.62
	-0.91
	-0.68
	-0.71
	

	
	Gain with Practical [dB]
	-0.94
	-0.96
	-1.10
	-1.43
	-0.88
	-0.28
	


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
	

	[46]
	Baseline [kbps]
	1985
	1553
	1129
	730
	380
	134
	

	
	Genie [kbps]
	2078
	1619
	1164
	753
	389
	132
	

	
	Practical [kbps]
	2004
	1560
	1092
	692
	344
	117
	

	
	Gain with Genie [%]
	4.7
	4.25
	3.1
	3.2
	2.4
	-1.5
	

	
	Gain with Practical [%]
	0.9
	0.5
	-3.3
	-5.2
	-9.5
	-13.7
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [kbps]
	1030
	355
	215
	165
	95
	45
	

	
	Genie [kbps]
	1075
	400
	285
	165
	105
	
	

	
	Practical [kbps]
	1050
	375
	230
	145
	85
	40
	

	
	Gain with Genie [%]
	4.4
	12.7
	32.6
	0
	10.5
	
	

	
	Gain with Practical [%]
	1.9
	5.6
	7
	-12.2
	-10.5
	-11.1
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[46]
	Baseline [dBm]
	9.98
	9.35
	8.08
	6.23
	4.01
	1.21
	

	
	Gain with Genie [dB]
	-0.74
	-0.91
	-0.89
	-0.83
	-1.05
	-2.10
	

	
	Gain with Practical [dB]
	-1.335
	-1.41
	-1.30
	-1.42
	-1.29
	-1.13
	


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
	

	[48]
	Baseline [kbps]
	3089
	2475
	1684
	1054
	545
	201
	

	
	Genie [kbps]
	3280
	2724
	1848
	1119
	580
	211
	

	
	Practical [kbps]
	3098
	2610
	1744
	1071
	554
	194
	

	
	Gain with Genie [%]
	6.2
	10
	9.7
	6.2
	6.4
	5
	

	
	Gain with Practical [%]
	0.3
	5.5
	3.5
	1.6
	1.6
	-3.5
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[48]
	Baseline [kbps]
	1325
	620
	300
	185
	165
	85
	

	
	Genie [kbps]
	1420
	945
	450
	200
	170
	
	

	
	Practical [kbps]
	1400
	880
	380
	135
	165
	75
	

	
	Gain with Genie [%]
	7.2
	52.4
	50
	8.1
	3
	
	

	
	Gain with Practical [%]
	5.6
	41.9
	26.7
	-27
	0
	-11.8
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[48]
	Baseline [dBm]
	14.44
	14
	12.83
	11.71
	10.59
	7.86
	

	
	Gain with Genie [dB]
	-0.09
	-0.1
	-0.07
	-0.19
	-0.57
	-0.97
	

	
	Gain with Practical [dB]
	-0.55
	-0.52
	-0.54
	-0.65
	-0.94
	-1.07
	


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
	

	[48]
	Baseline [kbps]
	2106
	1740
	1346
	901
	490
	186
	

	
	Genie [kbps]
	2188
	1793
	1392
	938
	520
	
	

	
	Practical [kbps]
	2132
	1754
	1339
	896
	477
	174
	

	
	Gain with Genie [%]
	3.9
	3
	3.4
	4.1
	6.1
	
	

	
	Gain with Practical [%]
	1.2
	0.8
	-0.5
	-0.5
	-2.7
	-6.5
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[48]
	Baseline [kbps]
	1235
	720
	425
	255
	165
	80
	

	
	Genie [kbps]
	1220
	790
	445
	275
	195
	
	

	
	Practical [kbps]
	1265
	665
	390
	260
	160
	65
	

	
	Gain with Genie [%]
	-1.2
	9.7
	4.7
	7.8
	18.2
	
	

	
	Gain with Practical [%]
	2.4
	-7.7
	-8.2
	2
	-3
	-18.2
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[48]
	Baseline [dBm]
	13.74
	13.2
	12.9
	11.88
	10.37
	7.31
	

	
	Gain with Genie [dB]
	-0.38 
	-0.65
	-0.47
	-0.73
	-0.73
	
	

	
	Gain with Practical [dB]
	-0.90
	-1.15
	-1.12
	-1.12
	-1.21
	-0.92
	


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
	

	[47]
	Baseline [kbps]
	888.5
	
	
	
	569.6
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	920.8
	
	
	
	537.8
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	3.63
	
	
	
	-5.59
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[47]
	Baseline [kbps]
	157.8
	
	
	
	40.3
	
	Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	175.7
	
	
	
	51.5
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	11.31
	
	
	
	28.01
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[47]
	Baseline [dB]
	-2.51
	
	
	
	4.02
	
	Note 2

Note 3

Note 4

	
	Gain with Genie [dBm]
	
	
	
	
	
	
	

	
	Gain with Practical [dBm]
	1.62
	
	
	
	1.66
	
	


Note 2: Receiver algorithm losses are modelled by an SNR backoff (0.7-0.9 dB for the studied cases). 

Note 3: Note that the same RoT target has been used as for the case where the inter-site distance is 1km.

Note 4: 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
	

	[47]
	Baseline [kbps]
	937.8
	
	
	
	544.6
	
	Note 2

Note 3

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	898.4
	
	
	
	461.9
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-4.2
	
	
	
	-15.19
	
	

	10th percentile user data rates 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[47]
	Baseline [kbps]
	138.4
	
	
	
	33.3
	
	Note 2

Note 3

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	126
	
	
	
	26.1
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	-9
	
	
	
	-21.65
	
	

	Average transmit power 

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[47]
	Baseline [dBm]
	-3.05
	
	
	
	2.93
	
	Note 2

Note 3

Note 4

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	-0.39
	
	
	
	-0.32
	
	


Note 2: Receiver algorithm losses are modelled by an SNR backoff (0.7-0.9 dB for the studied cases). 

Note 3: Note that the same RoT target has been used as for the case where the inter-site distance is 1km.

Note 4: 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
	

	[47]
	Baseline [kbps]
	894
	
	
	
	645
	
	Note 2

Note 2

	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	949.8
	
	
	
	630.9
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	6.21
	
	
	
	-2.19
	
	

	10th percentile user data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[47]
	Baseline [kbps] 
	216
	
	
	
	104.8
	
	Note 2

Note 3



	
	Genie [kbps]
	
	
	
	
	
	
	

	
	Practical [kbps]
	273.8
	
	
	
	114.8
	
	

	
	Gain with Genie [%]
	
	
	
	
	
	
	

	
	Gain with Practical [%]
	26.72
	
	
	
	9.53
	
	

	Average transmit power

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	[47]
	Baseline [dBm]
	-3
	
	
	
	3
	
	Note 2

Note 3

Note 4

	
	Gain with Genie [dB]
	
	
	
	
	
	
	

	
	Gain with Practical [dB]
	2.19
	
	
	
	2.14
	
	


Note 2: Receiver algorithm losses are modelled by an SNR backoff (0.7-0.9 dB for the studied cases). 

Note 3: Note that the same RoT target has been used as for the case where the inter-site distance is 1km.

Note 4: Here the power reported for the average UE transmit power only refers to the DPCCH power.

7.3
Conclusion on System Evaluation Results

Provide a summary and conclusion of the system evaluation results for the practical algorithm(s) considered in this study.
8
Conclusion

Give a recommendation to TSG RAN on  how to proceed on this feature.
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