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1. Introduction

In TSG RAN#50, a work item [1] was opened to investigate the performance of uplink transmit diversity techniques (ULTD). For uplink closed loop transmit diversity (CLTD), due to beamforming phase quantization and downlink feedback error, the trajectory of the beamforming phase used by the user equipment (UE) is discontinuous. If the Node B receiver uses a pilot filter averaging over two or more slots, the discontinuous phase trajectory will have a negative impact on the receiver.  

One of the mechanisms to mitigate this issue is a channel synthesis method at the Node B receiver [2]. There was some misunderstanding by some company that the synthesis method is not applicable to the precoded pilot structure due to the weakness of the 2nd pilot channel. In this paper, we will show that the channel synthesis method is applicable in that scenario. Simulation result will also be provided.
2. Algorithms Description
2.1. Precoded Pilot channels structure

For completeness, we show below the diagram for the generic precoded pilot channels structure.
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Figure 2‑1: A precoded pilot channels structure
DPCCH1 is precoded with the stronger beamforming weight vector 
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where 
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, and the beamforming phase is denoted by [image: image5.wmf]1
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. The scaled secondary pilot channel (α<=1) is precoded with the weaker orthogonal weight vector:
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Other control channels and data channels are precoded with the stronger beamforming weight vector as well. 
2.2. Channel Synthesis 

For the purpose of beamformding weight determination, the Node B receiver needs to invert the beamforming matrix to obtain per-slot estimates of physical channels. For example, in this case of the single path channel, after de-scambling and de-spreading the pilot channels and averaging within a slot, we have the following equation for receive antenna 1 (scaling factor ignored)
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By inverting the coefficient matrix, we can further obtain the channel estimate for each physical channel element
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Since these are slot level estimates for physical channel elements, we can further average these over multiple slots to improve the SNR. Let the filtered channel estimates for slot n be
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Let the beamforming phase signalled by Node B to be used by UE in slot n be 
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. Then the Node B receiver can synthesize the composite channel estimate of the stronger beam for slot n as
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Note: the above example is based on the asymmetric beamforming implementation. For the enhanced symmetric implementation, the synthesis method can be applied as well.

Clearly, from the derivation above, we can see that the weakness of the second pilot has no bearing on this method.
3. Simulation Results

We follow the common link simulation assumptions in [3] which are also included in the Appendix for convenience.
Some additional simulation assumptions made in this simulation are as follows: 
1. One bit recursive feedback scheme (one bit every slot) [4] is used (beamforming phase resolution is 90 degree)

2. Feedback error for each beamforming phase information bit is 4%

3. Feedback delay for the beamforming phase is 3 slots.

4. Beamforming implementation is asymmetric

5. The scaling factor for the power of the 2nd pilot DPCCH2 is α=0.7

For comparison purpose, we simulated the performance of the pseudo-precoded pilot structure [5] under the same simulation assumptions.

3.1. TBS=2020 bit, Asymmetric Beamforming Implementation 

Table 3:TBS 2020 bit, Asymmetric and synthesis, PedA 3 km/h
	
	Precoded Pilot

(α=0.7)
	Pseudo-Precoded Pilot

	Rx Ec/No (dB)
	-7.12
	-7.12

	Tx Ec/No (dB)
	-10.33
	-10.27


Table 4: TBS 2020 bit, Asymmetric and synthesis, VehA 30 km/h
	
	Precoded Pilot

(α=0.7)
	Pseudo-Precoded Pilot

	Rx Ec/No (dB)
	-5.31
	-5.27

	Tx Ec/No (dB)
	-8.51
	-8.45


From the comparison above, we can see the synthesis method has similar effect on the performance of precoded pilot channels structure with α=0.7  and the pseudo-precoded pilot channels structure.
4. Conclusions

We derive the channel synthesis algorithm for the precoded pilot structure, and through simulation, show that this algorithm works for both the precoded pilot structure and the pseudo-precoded pilot structure.
. 
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6. Annex A

	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	QPSK

	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

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	-3

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1 % Residual BLER after 4 H-ARQ attempts

	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)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation for data demodulation
	Non-causal 4-slot with filter weights 
[0.4 0.3 0.2 0.1]

	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

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


7. Annex B

The multipath channel delay profiles and associated finger allocations are shown below for:

ITU Pedestrian A Speed 3km/h (PA3)
	Relative Mean Power [dB]
	0
	-9.7
	-19.2
	-22.8

	Relative Delay [ns]
	0
	110
	190
	410

	Relative Delay [Tc/8]
	0
	3
	6
	13

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	8
	Not Assigned
	Not Assigned


ITU Vehicular A Speed 30km/h (VA30)
	Relative Mean Power [dB]
	0
	-1.0
	-9.0
	-10.0
	-15.0
	-20.0

	Relative Delay [ns]
	0
	310
	710
	1090
	1730
	2510

	Relative Delay [Tc/8]
	0
	10
	22
	33
	53
	77

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	8
	20
	32
	Not Assigned
	Not Assigned
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