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Introduction

This document provides link level simulation results for HS-DPCCH performance in Soft Handover (SHO) conditions with Beamforming Transmit Diversity. This was indicated as one of the open issues which warranted additional study in order to fully investigate the impact of transmit diversity in HSPA. Results investigating the impact of Switched Antenna Transmit Diversity (SATD) can be found in [1].
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Simulation Assumptions 

An updated set of simulation assumptions was agreed in the previous RAN WG1 meeting [2] for both OL switched antenna transmit diversity as well as for beamforming. The simulation results provided in the next section are a subset of the suite of simulations proposed. The simulation settings that pertain specifically to the results shown are given in Table 1. The antenna correlation and imbalance have been modelled in accordance with Section 5 in [2].
Table 1: Open Loop Transmit Diversity – Beamforming Link Simulation Assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	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 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%

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake Receiver

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

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


Simulation Metrics

The following metrics were evaluated in the simulations
· P( (ACK -> (NACK||DTX) ) || (NACK->(ACK||DTX) ) )

· Probability of missed detection or decoding error

· P(DTX -> (ACK||NACK) ) = 1%

· Probability of False Alarm
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Simulation Framework

In this section, we present a simulation framework under which the OL beamforming transmit diversity scheme was evaluated in soft handover scenarios. The performance of this scheme is compared with a baseline (no transmit diversity). 

Notation

In this contribution, the following variables are used.

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 1.
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Figure 1: 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.
In this simulation, it is assumed that the path loss to the serving and non-serving NodeB’s are the same. Therefore,

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

Power Control

Power control in the soft handover simulation is implemented in the following way:

· The outer-loop set point reacts to CRC failures from both the NodeB’s. If one NodeB succeeds in decoding the packet while the second NodeB fails, the outer loop would consider it to be a successful decoding and the set point would be adjusted accordingly.

· The inner loop power control commands are generated independently from each NodeB based on the estimated received SIR at each NodeB.

· The UE transmit power level is adjusted according to the “or of downs” rule, i.e., the TPC commands transmitted from the serving and non-serving cells are combined using this rule.

· The beamforming algorithm operates on the combined TPC command that is finally applied to the UE transmit power.
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Simulation Results

HS-DPCCH performance for Beamforming vs Baseline

Figures 2 and 3 show the ACK/NACK and CQI performance when IUE->A= 0dB; IUE->B= 0dB; and IA->B = 0dB for the PA3 channel.
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 Figure 2: P(MissDet or Dec Err); PA3; SHO; 
IUE->A= 0dB; IUE->B= 0dB; and IA->B = 0dB.
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Figure 3: CQI Error Rate; PA3; SHO; IUE->A= 0dB; IUE->B= 0dB; and IA->B = 0dB.
Figures 4 and 5 show the ACK/NACK and CQI performance when IUE->A= 0dB; IUE->B= 0dB; and IA->B = 0dB for the VA30 channel.
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 Figure 4: P(MissDet or Dec Err); VA30; SHO; 
IUE->A= 0dB; IUE->B= 0dB; and IA->B = 0dB
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Figure 5: CQI Error Rate; VA30; SHO; IUE->A= 0dB; IUE->B= 0dB; and IA->B = 0dB.
Table 2 shows the HS-DPCCH ACK/NACK Miss detection and Decoding error rate performance when beamforming is applied at the UE. The UE is in soft handover with two cells in the active set. 

Note that the HS-DPCCH ACK/NACK C/P = 4dB. This is chosen to achieve a 1% Miss Detection and Decoding error rate for the baseline case (no TD). 

In Table 2, the HS-DPCCH ACK/NACK miss detection and decoding error rates for the baseline and beamforming are expressed in the format -> (Baseline value, beamforming value)  
Table 2: HS-DPCCH ACK/NACK performance due to Beamforning in SHO
	Beamforming
	HS-DPCCH ACK/NACK miss detection and decoding error rate  [%]@ C/P=4dB

 (Baseline value, Beamforming 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%, 1.5%)†
	(0.8%, 2.8%)
	(0.8%, 0.09%)

	VA30
	(0.02%, 0.04%)
	(0.02%, 0.2%)
	(0.02%, 0.02%)


† The data format in the table is (Baseline value, Beamforming value).
Table 3 shows the HS-DPCCH CQI Decoding error rate performance when Beamforming is applied at the UE. The UE is in soft handover with two cells in the active set. 

Note that the HS-DPCCH CQI C/P = 0dB. This value is chosen to achieve a 1% CQI Decoding error rate for the baseline case (no TD).

In Table 3, the HS-DPCCH CQI decoding error rates for the baseline and beamforming are expressed in the format -> (Baseline value, Beamforming value)  
Table 3: HS-DPCCH CQI performance loss due to Beamforming in SHO
	Beamforming
	HS-DPCCH CQI decoding error rate [%]@ C/P=0dB

(Baseline value, Beamforming 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%, 1.5%)†
	(1%, 3.1%)
	(1%, 0.9%)

	VA30
	(0.06%, 0.07%)
	(0.06%, 0.37%)
	(0.06%, 0.04%)


† The data format in the table is (Baseline value, Beamforming value).
Observations

The following observations can be made from Tables 2 and 3

· There is a small loss (0.7% for ACK/NACK and 0.5% for CQI) in performance in the absence of an antenna imbalance to the serving and non-serving cells  (IUE->A= 0dB; IUE->B= 0dB;)

· The HS-DPCCH performance improves when the antenna imbalance for the serving cell link is greater than the antenna imbalance for the non-serving cell (IUE->A >= IUE->B). This is because the power control loop would be dominated by commands from the serving cell. Since the beamforming algorithm responds to the combined TPC commands, the link to the serving cell is not degraded.

· There is some performance degradation in the HS-DPCCH channel when the antenna imbalance for the serving cell link is less than the antenna imbalance for the non-serving cell (IUE->A < IUE->B). This is because the power control loop is dominated by the commands from the non-serving cell. Therefore, the link to the serving cell is slightly affected causing some loss in performance. However, since such situations are typically rare (non-serving link being much better than serving link) and the performance impact is not too severe, this performance loss is not considered significant.

Comparison of Tx and Rx Ec/No for Beamforming vs Baseline

Table 4 shows the Tx Ec/No Gain as a result of the simulations where

· Tx Ec/No Gain = Tx Ec/NoNoTD – Tx Ec/No BF 

Table 4: Tx Ec/No Gain for Beamforming
	Beamforming
	Tx Ec/No Gain [dB]

	SHO Link Imbalance
	IA->B = 0dB.

	  Serving Cell

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

	Non Serving Cell

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

	PA3
	1.03
	1.9
	0.4

	VA30
	-0.14
	1
	-0.71


Table 5 shows the Rx Ec/No difference at the serving NodeB A as a result of Beamforming where

· Rx Ec/No Diff = Rx Ec/NoNoTD -Rx Ec/No BF
· Rx Ec/No is computed as  
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Table 5: Rx Ec/No difference at the Serving Cell for Beamforming Transmit Diversity

	Beamforming
	Rx Ec/No Diff [dB]

	SHO Link Imbalance
	IA->B = 0dB.

	  Serving Cell

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

	Non Serving Cell

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

	PA3
	-0.2
	0.6
	-0.75

	VA30
	-0.23
	0.82
	-0.74


Observations

The following observations can be made from Tables 4 and 5
· There are UE transmit power gains for most of the cases considered. When there is no antenna imbalance in the serving or non-serving radio links  (IUE->A= 0dB; IUE->B= 0dB;), the UE Tx power gain is 1.03dB which is slightly lesser than the Tx Power gains in non-soft handover situations. This is because of the combining of the TPC commands transmitted from the serving and non-serving cells.

· The Tx power gains are higher for positive imbalances – whether in the serving link or in the non-serving link. This is because the TPC commands generated by the better cell (serving or non-serving) will also dominate the “or of downs” rule. Therefore, gains are obtained even when one cell (serving or non-serving) has a negative imbalance. 

· The Rx gain in some cases implies that the non-serving cell is the stronger link. Although, these situations are rare, it is expected that such cases would result in a decrease in intra-cell interference at the serving cell. In cases where there is an Rx loss, there is a decrease in the set point in the non-serving cell causing a reduction in the inter-cell interference. 
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Conclusions

In this contribution, link level simulation results are shown evaluating the performance of the HS-DPCCH channel in soft handover when beamforming is applied at the UE. Results are shown for PA3 and VA30 channels. 

The results show that there isn’t much impact to the HS-DPCCH performance in most common cases. In some cases, there are gains in performance due to antenna imbalance in the serving link. In other cases, when the link to the non-serving cell is stronger some losses are also seen. 

For most of the cases considered, there are gains in the UE Tx power for the PA3 channel. Even in cases where there are negative imbalances for a particular link (serving or non-serving), there are gains seen because of non-negative imbalances to the other link. There is a gains in Rx Ec/No at the serving cell in cases when the non-serving link is better and positive in cases when the serving link is better where a loss in Rx Ec/No is seen when the serving link is better.
Based on the results obtained, we consider that by and large there is no serious impact to HS-DPCCH performance in soft handover cases due to the introduction of Beamforming in HSPA.
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