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1. Introduction

In this document, we evaluate the impact of Beamforming Transmit Diversity (BFTD) on a practical NodeB receiver. In [5], an implementation (also referred to as symmetrical implementation) of the Reference Practical BFTD Algorithm 2 in CELL_DCH as described in [1] was proposed to ensure minimal impact to NodeB receivers that utilize non-causal channel estimation. In [7], link analysis of this implementation assuming non-causal channel estimation at the NodeB receiver was summarized. In this paper, we further evaluate its performance with the modelling of DCH searcher and finger management.
2. DCH Searcher and Finger Management

We implement a DCH searcher of non-coherent accumulation length of 16 slots with search period of 18 slots (12 ms) and 150 slots (100ms). Both Pilot and control symbols are used for energy accumulation within a DPCCH slot. DCH searcher threshold is determined such that per chipx2 offset the false alarm probability is equal to 0.1%. 

For assigned fingers, a finger management algorithm along with time tracking loop (TTL) perform tasks such as finger assignment, finger offset tracking, finger SNR monitoring, finger de-assignment, etc.
3. Simulation Assumptions 
The parameters for the Practical BFTD Algorithm 2 in CELL_DCH as described in [1] are set to 
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 degree. Two phase shifters are assumed to be used at the UE transmitter side according to the symmetrical implementation of the algorithm. Other assumptions that were agreed in RAN WG1 [2] are shown in Table 1. Antenna correlation and imbalance modelling are summarized in the Appendix. They are in accordance with Section 5 in [2]. The simulation assumptions can also be found in Section 5.1 in [1].

Table 1: Open Loop Beamforming Transmit Diversity Link-Level Simulation Parameters

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, HS-DPCCH, DPCCH 

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	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
	Three slot averaging

	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
	AWGN, PA3 (actual), VA30 (actual)

	NodeB Receiver Type
	Rake Receiver

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

	UE Tx Antenna Correlation
	0.0

	UE DTX
	OFF


Additional parameters used in the simulation are summarized in Table 2.

Table 2: DCH Searcher parameters
	Parameter
	Value

	DPCCH format
	[8, 2] 

	Search Period [ms]
	12, 100

	Target false alarm probability [%]
	0.1

	Non-Coherent Accumulation Period
	16 slots

	TTL
	ON


4. 
Link Simulation Results
The following metrics are used in the performance evaluation of the algorithm;
· Rx Ecp/No Gain = Rx Ecp/No NoTD – Rx Ecp/No OLTD_BF 

· Tx Ecp/No Gain = Tx Ecp/No NoTD – Tx Ecp/No OLTD_BF 
The negative Rx Ecp/No gain at the NodeB is likely to occur due to the phase discontinuities at the Node B receiver, with the consequence that the channel estimation may be impacted. Table 3 shows the link simulation results with Tx antenna correlation 0, where antenna imbalance is the relative power of the secondary antenna with respect to the first antenna.
Table 3: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0

	Searcher period
	
	Rx Ecp/No Gain[dB]
	Tx Ecp/No Gain[dB]

	
	Imbalance (dB)
	3
	0
	-3
	3
	0
	-3

	12ms
	PA3
	-0.13
	-0.01
	-0.1
	3.5
	2
	0.6

	100ms
	PA3
	-0.08
	-0.03
	-0.02
	3.5
	1.93
	0.58

	12ms
	VA30
	-0.3
	-0.3
	-0.3
	1.6
	-0.1
	-1.4

	100ms
	VA30
	-0.4
	-0.44
	-0.4
	1.53
	-0.27 
	-1.46


Table 4 shows the finger miss detection probability comparison with 0 dB antenna imbalance and 0 Tx antenna correlation. The miss detection probability for a path (of a particular chipx2 peak offset) is defined as the probability when searcher fails to accumulate energy above the searcher threshold.
Table 4: Finger Miss Detection Probability for the Baseline and Beamforming
	Searcher period
	
	Path 1
	Path 2
	Path 3
	Path 4
	Path 5
	Path 6

	12ms
	PA3
(non TD)
	2.5%
	N/A
	N/A
	N/A
	N/A
	N/A

	100ms
	PA3
(non TD)
	2.5%
	N/A
	N/A
	N/A
	N/A
	N/A

	12ms
	PA3
(OLTD BF)
	1.7%
	N/A
	N/A
	N/A
	N/A
	N/A

	100ms
	PA3
(OLTD BF)
	1.6%
	N/A
	N/A
	N/A
	N/A
	N/A

	12ms
	VA30
(non TD)
	0.5%
	1.7%
	27.5%
	36.8%
	79.2%
	95.5%

	100ms
	VA30
(non TD)
	0.5%
	1.6%
	27%
	37.1%
	78.3%
	95.1%

	12ms
	VA30
(OLTD BF)
	0.2%
	0.9%
	23.5%
	33.7%
	77.4%
	95%

	100ms
	VA30
(OLTD BF)
	0.14%
	0.56%
	20.5%
	30.8%
	74.8%
	94%



Observations

Based on Tables 3 and 4, we observe the following:
· The link results with searcher and finger management with BFTD are comparable to the link results in the Baseline (No TD) case with searcher and finger management.

· The finger miss detection probabilities improve slightly when BFTD is applied at the UE. This is due to the fact that the Rx Ec/No values are slightly higher when transmit diversity is used. 

5. Conclusions

In this document, the impact on a practical NodeB receiver that includes DCH searcher, finger management, TTL, due to Beamforming Transmit Diversity was studied. The results were presented for different antenna imbalances and for two search periods.

The results showed that there was minimal impact to a practical NodeB receiver due to BFTD. The searcher finger miss detection probability improved slightly due to the introduction of BFTD.
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7. Appendix: Modelling Antenna Correlating and Imbalance

Transmit antenna correlation and antenna imbalance are modelled as follows:

Case 1: Antenna Imbalance = 0; Transmit antenna correlation = 
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The basic Kronecker model of the channel
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where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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Case 2: Antenna Imbalance = 
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; Transmit antenna correlation = 
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The basic Kronecker model of the channel
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where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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and 
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 is the antenna imbalance matrix where
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is the antenna imbalance.

Note that antenna imbalance is the relative power of the secondary antenna with respect to the first antenna.
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