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1 Introduction
One of the aims of Uplink TX diversity is to improve uplink coverage. Typically, UEs that are near to the cell edge and are likely to be power limited are also in soft handover. Furthermore, a significant proportion of all of the UEs in a typical cell will be in soft handover, which will affect capacity gains.

In the studies thus far, link level gains have been evaluated in the absence of soft handover. Although soft handover is modeled in system simulations, this paper presents some link level results including soft handover to illustrate SHO impact.
Two scenarios are considered;  2 way soft handover with equal link power and 2 way SHO  with 2dB imbalance. In a real system SHO may include more radio links and link imbalances of a few dB may be encountered.
Simulation assumptions are outlined below:
Table 1 Simulation assumptions
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020

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

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

	20*log10(βec/βc) [dB]
	2ms TTI: 2

	Number of H-ARQ Processes
	2ms TTI: 8

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

	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 slots

	SIR Estimation
	1 slot

	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%

	Propagation Channel
	 PA3, VA3, VA30,

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	 -3, 0, 3 

	UE Tx Antenna Correlation
	0, 0.3 0.7 
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 for algorithm [1]
	12o, 25o

	UE DTX
	OFF

	Soft Handover
	ON  

	Active set
	2 NodeBs

	Pathloss difference between radio link sets
	0 ,  -2 dB


2  Practical algorithms description in soft handover 
In this section the description of the practical Tx Diversity schemes in the presence of soft handover is given. 
The TX diversity algorithms respond to the two separate streams of TPC command by adjusting the Tx diversity parameters (phase shift or Tx antenna). The Tx diversity parameters are selected based on the analysis of TPC history as follows: 

· for beamforming, both streams are separated and analyzed in the following manner:

· if the UE receives the same two consecutive TPC commands from both Node Bs, their  values stay  unchanged
· if the UE receives 2 “down” commands from a Node B, then it should follow that Node B
· if the UE receives 2 “up” commands from one Node B and up/down (or down/up) from the other, then it should set its phase based on the 1 up/1 down Node B
· if the Node Bs indicate “down/up” and “up/down” the UE follows whichever Node B it followed in the previous instance.
· Further calculations are the same as proposed in [1]

· for antenna switch diversity, TPC commands are processed according to the “or of downs” rule according to spec 25.214 Algorithm1. The further calculations are the same as proposed in [3].
The other typical soft handover parameters are as follows:

· For performed simulations in soft handover radio link sets possess equal pathloss or differ by 2dB. 
· At the RNC selective combining between received transport blocks take place. 
· For the sake of TX power adjustments in the UE, TPC commands are combined according to the “or of downs”  [25.214 Algorithm1]. 

The performance of the Tx Diversity algorithms in the presence of Soft Handover might be impacted in two different ways. Firstly, the transmission gets additional receive diversity based on selective combining of received transport blocks at the RNC. This might decrease the total gain relative to the single TX antenna reference in Soft Handover. 
In the case of beam forming, the local optimums of Tx phase difference between Tx antennas might be found, however more often it will correspond to the better link from radio link set. The other links from link sets might change the transmission condition but due to unoptimal phase settings might not be recognized as the better link. There is also a risk that links with similar quality will not allow to optimal phase adjustment by sending contradicting TPC.
In the case of antenna switched diversity, antenna selection is done to pick the better Tx antenna.  If, for both NodeBs, the same antenna is visible as the better one then this case is straightforward. However, if opposite antennas are better for radio link sets then it might lead to a higher switching frequency. Higher switching frequency leads to the higher impact on the channel estimation. Furthermore, the antenna switching algorithm may for some time follow the suboptimal radio link, as is the case for beamforming.

3 Practical algorithms simulation results with soft handover 
3.1 Results for Tx antenna correlation 0, 30, 70% 

This section presents terminal TX power gains and RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference) obtained with the practical algorithms.  The reference case is a single TX antenna setup in soft handover. Results for antenna correlation 0, 0.3, 0.7 were performed without antenna imbalance. The correlation is assumed between Tx antenna and no correlation is assumed between Rx antennas from different radio links.
Table 2 UE mean Tx power gain [dB] vs antenna correlation, Tx antenna imbalance 0dB.
	
	Open Loop Beamforming
	Open Loop ASD

	Tx Antenna Correlation
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	0%
	0.68
	0.17
	-0.29
	0.38
	0.13
	-0.05

	30%
	0.82
	0.48
	-0.21
	0.39
	0.13
	-0.01

	70%
	1.41
	1.39
	0.8
	0.22
	0.05
	-0.04


Table 3 NodeB mean RX Ec/No gain [dB] vs antennas correlation, Tx antenna imbalance 0dB.

	
	Open Loop Beamforming
	Open Loop ASD

	Tx Antenna Correlation
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	 0%
	-0.3
	-0.3
	-0.33
	-0.2
	-0.1
	-0.07

	30%
	-0.3
	-0.24
	-0.19
	-0.1
	-0.1
	-0.03

	70%
	-0.2
	-0.2
	-0.19
	-0.1
	0
	-0.04


3.2 Results for Tx antenna imbalance -3 , 0 , 3 dB

This section presents terminal TX power gains and RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference) obtained with the practical algorithms.  The reference case is a single TX antenna setup in soft handover. Results for antenna imbalance -3, 0, 3 dB are performed with uncorrelated antennas.

Table 4 UE mean Tx power gains [dB] vs antenna imbalance, Tx antenna correlation 0%
	
	Open Loop Beamforming
	Open Loop ASD

	Tx Antenna Imbalance
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	-3dB
	-0.64
	-1.13
	-1.46
	-0.74
	-0.65
	-0.85

	  0dB
	0.68
	0.17
	-0.29
	0.38
	0.13
	-0.05

	  +3dB
	2.36
	1.85
	1.48
	2.26
	2.21
	2.16


Table 5 NodeB mean RX Ec/No gains [dB] vs antenna imbalance, Tx antenna correlation 0%.

	
	Open Loop Beamforming
	Open Loop ASD

	Tx Antenna Imbalance
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	  -3dB
	-0.3
	-0.33
	-0.28
	-0.3
	-0.2
	-0.21

	  0dB
	-0.3
	-0.3
	-0.33
	-0.2
	-0.1
	-0.07

	  +3dB
	-0.3
	-0.34
	-0.31
	-0.3
	-0.2
	-0.2


3.3 Results for radio link imbalance 0 & -2 dB

This section presents terminal TX power gains and RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference) obtained with the practical algorithms.  The reference case is a single TX antenna setup in soft handover. Results for radio links imbalance  0, -2 dB are performed with Tx antenna imbalance 0dB and correlation 0%.

Table 6 UE mean Tx power gains [dB] vs radio link imbalance.
	
	Open Loop Beamforming
	Open Loop ASD

	Radio links imbalance
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	0 dB
	0.683
	0.167
	-0.292
	0.384
	0.127
	-0.05

	- 2dB
	0.8
	0.27
	-0.29
	0.49
	0.17
	-0.09


Table 7 NodeB mean RX Ec/No gains [dB] vs radio link imbalance.
	
	Open Loop Beamforming
	Open Loop ASD

	Radio links imbalance
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	0 dB
	-0.3
	-0.3
	-0.33
	-0.2
	-0.1
	-0.07

	- 2dB
	-0.4
	-0.34
	-0.38
	-0.2
	-0.16
	-0.12


4 Practical algorithms simulation results without soft handover 
This section recalls results from previous simulations performed for practical algorithms without soft handover. The aim is to simplify the comparison of relative gains with and without soft handover in one document.
4.1 Results for Tx antenna correlation 0, 30, 70% 

This section presents terminal TX power gains and RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference) obtained with the practical algorithms.  The reference case is a single TX antenna setup. Results for antenna correlation 0, 0.3, 0.7 were performed without antenna imbalance. 
Table 8 UE mean Tx power gain [dB] vs antenna correlation, 
Tx Antenna Imbalance 0dB without SHO.

	Tx Antenna Correlation
	Open Loop Beamforming
	Open Loop ASD

	
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	0%
	1.71
	0.54
	0.04
	1.03
	0.38
	-0.02

	30%
	1.74
	0.77
	0.29
	1.21
	0.34
	-0.05

	70%
	2.30
	1.69
	1.32
	0.76
	0.24
	0.01


Table 9 NodeB mean RX Ec/No gain [dB] vs antenna correlation, 
Tx Antenna Imbalance 0dB without SHO.

	Tx Antenna Correlation
	Open Loop Beamforming
	Open Loop ASD

	
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	0%
	-0.30
	-0.29
	-0.05
	-0.40
	-0.20
	-0.08

	30%
	-0.40
	-0.20
	0.05
	-0.30
	-0.10
	-0.11

	70%
	-0.30
	-0.20
	0.24
	-0.20
	-0.10
	0.02


4.2 Results for antenna imbalance -3 , 0 , 3 dB

This section presents terminal TX power gains and RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference) obtained with the practical algorithms.  The reference case is a single TX antenna setup. Results for Antenna Imbalance -3, 0, 3 dB  are performed with uncorrelated antennas.

Table 10 UE mean Tx power gains [dB] vs antenna imbalance, 
Tx Antenna Correlation 0% without SHO
	Tx Antenna Imbalance
	Open Loop Beamforming
	Open Loop ASD

	
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	-3dB
	0.20
	-0.83
	-1.27
	-0.09
	-0.66
	-0.69

	0dB
	1.71
	0.54
	0.04
	1.03
	0.38
	-0.02

	+3dB
	3.35
	2.21
	1.77
	2.93
	2.41
	2.23


Table 11 NodeB mean RX Ec/No gains [dB] vs antenna imbalance, 
Tx Antenna Correlation 0% without SHO.

	Tx Antenna Imbalance
	Open Loop Beamforming
	Open Loop ASD

	
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	-3dB
	-0.20
	-0.27
	-0.15
	-0.40
	-0.26
	-0.08

	0dB
	-0.30
	-0.29
	-0.05
	1.03
	0.38
	-0.02

	+3dB
	-0.30
	-0.32
	-0.04
	-0.40
	-0.22
	-0.10


5 Conclusions
Based on the simulation results, we can conclude that:

· In the presence of soft handover gains are degraded up to 1dB in comparison to non SHO results, however Tx Diversity gains are visible in the same cases as in non SHO.
· In particular it should be noted that for balanced antennas, SATD gain for SHO users is limited to <0.5dB (i.e. <12%), even in PedA3.In a large cell, TX diversity does not reduce intercell interference, since users near to the cell edge transmit at maximum power. The dB gain at link level then translates more directly into a throughput gain
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