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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). In this contribution, we propose a precoded pilot channel structure for closed loop transmit diversity (CLTD), and to work with continuous packet connectivity (CPC), we also propose some rules for the interaction of CLTD and CPC. The performance of CLTD in CPC is evaluated in several combinations of CPC cycles and a CLTD feedback scheme.
2. Precoded Pilot Channels
In this paper, we consider the precoded pilot structure in Figure 2-1 as our baseline design.
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Figure 2‑1: A precoded pilot channel structure
DPCCH,1 is precoded with the stronger beamforming weight vector 

[image: image2.wmf][

]

2

1

2

1

q

q

j

j

e

a

e

a


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. 
3. Interaction with CPC
In continuous packet connectivity (CPC) operation, UE can operate with DTX cycle 1/4 or 1/8. For the cycle 1/4, a typical pattern is illustrated below,
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Figure 3‑1: DTX cycle 1/4
Out of 12 slots, UE transmits 6 slots of pilot, and data and other control channels on 3 slots. The Node B determines the CLTD weight vector based on UE pilots. We assume the total delay (including propagation, Node B processing, feedback etc) to be 3 slots, meaning that for pilot transmitted at slot 6, UE will receive the CLTD weight vector sometime in slot 8 and start to apply it at the beginning of slot 9 if necessary. There will be no update on CLTD weight vector in slot 9, 10, 11, … , 14. Thus UE needs to hold applicable CLTD weight vector for uplink transmission in slot 9 to use in its uplink transmission in slot 13, 14, 15. Furthermore, Node B shall hold the CLTD weight vectors as well for its receiver processing.
UE shall hold power control coefficients as shown in the figure 3-1.
For the cycle 1/8, a typical pattern is illustrated below,
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Figure 3‑2: DTX cycle 1/8
Out of 24 slots, UE transmits 6 slots of pilot, and data and other control channels on 3 slots. The Node B determines the CLTD weight vector based on UE pilots. There will be no update on the CLTD weight vector in slot 9, 10, 11, … , 26. Thus UE needs to hold applicable CLTD weight vector for uplink transmission in slot 9 to use in its uplink transmission in slot 25, 26, 27. Furthermore, Node B shall hold the CLTD weight vectors as well for its receiver processing.
If the data burst of UE is much longer than shown above, then only at the beginning of the next burst, UE does similar CLTD weight vector and power control coefficient holding.
4. Link Simulations
We describe the Node B receiver assumptions and other link simulation assumptions below.

As pointed out in [2], for the precoded pilot channels structure, fingers for DPCCH,2 have the same timing as the fingers of DPCCH,1. 
In terms of feedback of CLTD weight vector, we consider phase only schemes (equal transmit power on two UE antennas). The one bit recursive feedback scheme is considered (details in [3]). In brief, for one bit recursive feedback, in odd slots, CLTD beamforming phase is quantized into {90, 270} degree and in even slots, CLTD beamforming phase is quantized into {0, 180} degree. At UE side, it averages received phase values in the current slot and the previous slot as the final beamforming phase to use at its transmitter.
For this set of simulations we implemented the actual downlink and UE receiver (mainly FDPCH reception and power control) for more accurate modeling of CLTD feedback and TPC feedback on FDPCH channel. For the baseline non-ULTD scheme (1x2 uplink SIMO channel), we assume single Rx antenna for UE’s downlink reception. For the CLTD scheme (2x2 uplink MIMO channel), we assume two Rx antennas for UE’s downlink reception. Downlink geometry is assumed to be 0 dB, and FDPCH ILPC SIR target is set to be -19 dB.
To improve the Rx loss at the Node B receiver, we used the enhanced symmetric implementation technique [3] at UE’s transmitter. Node B receiver does that as well.

Link level simulation performance metrics are summarized in Appendix I.

Other simulation assumptions are summarized in Appendix II.
For DTX cycle 1/4 and 1 bit recursive feedback, we have the following link simulation results. The phase feedback error is also included.
	
	AWGN
	PedA 3 km/h
	VehA 30 km/h

	Rx loss (dB)
	0.4
	0.2
	0.3

	Tx Gain (dB)
	1.9
	2.8
	0.1

	CLTD phase error 
	4%
	4.6%
	5.4%


For DTX cycle 1/8 and 1 bit recursive feedback, we have the following link simulation result.

	
	AWGN
	PedA 3 km/h
	VehA 30 km/h

	Rx loss (dB)
	0.4
	-0.4
	0.3

	Tx Gain (dB)
	1.9
	2.9
	0.1

	CLTD phase error
	5%
	6.4%
	7.4%


For reference, we also include the TPC hard decoding bit error probability in PedA 3km/h channel below.

	
	DTX cycle 1/4
	DTX cycle 1/8

	CLTD (DL RxD)
	2.5%
	3.3%

	Baseline (DL single Rx)
	4.5%
	5.9%


We want to emphasize that due to lack of Rx diversity in the downlink for the baseline nonULTD case, for PedA 3 km/h channel, we even see Rx gain.
5. Conclusions

We propose some rules for the operation of CLTD when CPC (DTX) is enabled. In particular:

Proposal: The CLTD weight vectors and power control coefficients need to be held at the beginning of each new data transmission burst. 
With the precoded pilot channels structure and 1 bit recursive phase feedback design, CLTD shows about 1.9 dB and 2.8 dB gain for AWGN and PedA 3 km/h channels. For VehA 30 km/h channel, the gain is small (0.1 dB). We expect to see more gain for VehA 30 km/h channel when channel correlation is non-zero or more realistic finger assignment is implemented (here we assume all 4 fingers are assigned throughout the simulation). On the other hand, we see reasonable Rx loss.
6. Appendix I

Rx metric (Rx loss) is the difference in received Ec/No (in dB domain) between CLTD and nonULTD SIMO, which are computed as
nonULTD: 
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CLTD: 
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Tx metric (Tx Gain) is the difference in transmitted Ec/No (in dB domain) between nonULTD SIMO and CLTD, which are computed as

nonULTD: 
[image: image12.wmf](

)

P

HS

P

C

P

T

N

E

N

E

o

Tx

cp

o

Tx

c

2

2

2

1

,

,

+

+

+

=


CLTD: 
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7. Appendix II

	Parameter
	Value

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020; 2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Target Number of H-ARQ Transmissions
	4

	Residual BLER
	1%

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Demod Channel Estimation
	 Non-Causal FIR Filter

	BF phase computation Channel Estimation
	Variable length FIR Filter

	Inner Loop Power Control
	ON

	UL TPC Delay (sent on F-DPCH)
	2 slots

	CLTD BF feedback delay (sent on F-DPCH)
	3 slots

	Channel
	AWGN, PedA 3 km/h, VehA 30 km/h, ITU modified channels

	NodeB Receiver Type
	Rake Receiver

	ULTD Modes
	CLTD Beamforming (2 PA)

	Power Ratio between DPCCH2 and DPCCH1
	0.5

	Long Term Imbalance[dB]
	0,

	Transmit Antenna Correlation
	0,

	DL Geometry
	0 dB

	enhanced symmetric implementation of UE Tx BF
	On
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