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1. Introduction
The Work Item on HSUPA TX diversity was initiated at RAN#50 [1] and recent RAN1 meetings witnessed preliminary discussion of closed loop algorithms [2, 3, 4]. One of the issues that need to be resolved is the choice of the preferred pilot precoding scheme for CL HSUPA TX diversity.
In this document, we review the pilot precoding options and present initial link level simulation results. We observe similar performance for all options. However, the analysis needs to be extended to cover further cases (wider data rate range, weight update rate, antenna correlation, extendibility to dual stream transmission) before drawing final conclusion.

2. Analysis
2.1. Precoding Options
Three candidate precoding options were reported in recent discussion [2, 3, 4]. We briefly review them in this section:
· Option I: non-precoded pilots, figure 1. Precoding is applied to data and not to pilots. The component impulse responses are estimated individually and a superposition is taken to form the composite response for demodulation. The knowledge of weights applied in the transmitter is not needed for weight estimation, but is required for demodulation. This configuration is analogous to the current DL MIMO implementation.
· Option II: precoded pilots A, figure 2. Precoding is applied to both data and pilots. The component impulse responses are estimated individually and a superposition is taken to form the composite response for demodulation. The knowledge of weights applied in the transmitter is needed for weight estimation, but is not necessary for demodulation.
· Option III: precoded pilots B, figure 3. Precoding is applied to both data and pilots. The composite impulse response can be estimated in a single step. The knowledge of weights applied in the transmitter is needed for weight estimation, but is not necessary for demodulation.
The table 1 summarizes a number of properties of options I, II and III. The ability to demodulate the signal without the knowledge of beamforming weights may be important for coverage in soft handover, although it remains open if the weights need to be anyhow signalled in the UL for extra link robustness.
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Figure 1. Non-precoded pilot scheme (Option I)
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Figure 2. Precoded pilot scheme A (Option II)
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Figure 3. Precoded pilot scheme B (Option III)
Table 1 – Summary of pilot precoding scheme properties.
	Option
	Pilot precoding
Y/N
	TX weight knowledge necessary for demodulation in Node B?
	Component/composite
channel estimation for demodulation in Node B?
	TX weight knowledge necessary for weight setting in Node B?

	I
	N
	Y
	Component
	N

	II
	Y
	N
	Component
	Y

	III
	Y
	N
	Composite
	Y


2.2. Simulation Results

In this section, we summarize performance of Option I, II and III against the SIMO reference for a 160 kbps and 1 Mbps service. The beta factors corresponding to E-DPDCH were optimized individually for each option and data rate, to ensure a fair comparison. DPCCH1 and DPCCH2 were transmitted with equal gains; for Option III, some gain may be achievable by optimizing the DPCCH2/DPCCH1 ratio. However, this is likely to apply only for single stream transmission. Detailed simulation assumptions are given in the Annex.
In the following table, a positive TX power gain means that less power is required compared to the reference. A positive RX Ec/N0 gain means that a lower Ec/N0 is required compared to the reference.
As can be observed, the performance of all options is very similar in the simulated conditions. Options I and II are virtually identical, and the gains of option III are approximately 0.1 dB lower.

Table 2 – Closed loop TX diversity gains, 160 kbps.
	Option
	Tx diversity gains over reference [dB]

	
	Tx Power
	Rx Ec/N0

	PA3

	I.
	2.34
	-0.17

	II.
	2.37
	-0.16

	III.
	2.25
	-0.26

	VA30

	I.
	0.79
	-0.05

	II.
	0.79
	-0.04

	III.
	0.71
	-0.12


Table 3 – Closed loop TX diversity gains, 1 Mbps.
	Option
	Tx diversity gains over reference [dB]

	
	Tx Power
	Rx Ec/N0

	PA3

	I.
	2.72
	-0.01

	II.
	2.72
	-0.01

	III.
	2.59
	-0.14

	VA30

	I.
	1.06
	0.12

	II.
	0.98
	0.04

	III.
	0.85
	-0.10 


3. Conclusion
Initial analysis indicates similar link performance for all pilot precoding options. The analysis needs to be extended to cover further cases (such as wider data rate range, weight update rate, antenna correlation, extendibility to dual stream transmission) before drawing the final conclusion.

Annex
Simulation Assumptions

Table 4 Simulation assumptions
	Parameter
	Value

	Physical channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	320, QPSK (160 kbps)
2020, QPSK (1.01 Mbps)

	Number of physical data channels and spreading factor
	TBS 320: 1xSF4
TBS 2020: 2xSF2

	20*log10(βed/βc) [dB]
referenced to 1xSF4
	Optimization over a range of values for each precoding option and data rate.

	20*log10(βec/βc) [dB]
	TBS 320: 2
TBS 2020: 2

	Number of H-ARQ processes
	8

	H-ARQ operating point
	10% BLER after 1 attempt

	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%

	Number of TX weights (codebook size)
	4

	TX weight vector feedback delay
	2 slots

	TX weight vector feedback error rate
	No errors, ideal feedback

	TX weight vector update frequency
	1 slot

	Propagation Channel
	PA3, VA30, AWGN

	NodeB Receiver Type
	Rake, 2 RX antennas

	Antenna imbalance [dB]
	0

	UE DTX
	OFF

	Soft Handover
	OFF
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