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1 Introduction

During RAN#50 meeting the WI for Uplink Transmit Diversity for HSPA has been approved [1]. In last RAN4#60 meeting a lot of proposals for new UE requirements were discussed. One of the proposals was Time Alignment Error between two transmitter branches [2]. 

This contribution presents additional simulation results to confirm performance degradation caused by the time misalignment on UE side and discuss the need of TAE evaluation as a possible UE transmitter requirement. 

2 Discussion

Uplink TD benefits from multiple antenna transmission. Signals transmitted from two transmitter branches can be misaligned because of, e.g. insufficient UL Tx path calibration which in consequence may provide to demodulation performance decreasing. 

The table below presents simulation results for two values of TAE defined as a delay between the QPSK signals from two transmitter branches. Presented Ec/No values were evaluated in reference to case where TAE=0 and compared to results from [2]. Appendix 1 contains simulation assumptions. 

Table 1. Simulation results of TAE impact on the performance of UL CLTD (TBS=2020[bits])
	
	Results
	TAE = 1/4 Tc
	TAE = 1/2 Tc

	
	
	PA3
	VA30
	PA3
	VA30

	Tx Ec/No gain[dB]
	Nokia Siemens Networks
	-0.42
	-0.27
	-0.74
	-1.02

	
	R4-114485 (Huawei)
	-0.22
	-0.36
	-0.68
	-0.89

	Rx Ec/No gain[dB]
	Nokia Siemens Networks
	-0.27
	-0.20
	-0.23
	-0.86

	
	R4-114485 (Huawei)
	-0.13
	-0.31
	-0.31
	-0.73


Presented simulations results demonstrate reasonable performance losses for TAE < 1/2Tc. It suggests that under assumed link parameters, 1/2Tc may be considered as a maximum value of TAE requirement for UL Closed Loop Transmit Diversity UE.

For higher data rate, impact of TAE is expected to be even higher. It means that, e.g. for case 16QAM UL is supported, different TAE requirement may be needed, i.e. lower than for QPSK. Table 2 shows simulation results for higher transport block size assumed.
Table 2. Simulation results of TAE impact on the performance of UL CLTD (TBS=10400[bits])
	
	TAE = 1/4 Tc
	TAE = 1/2 Tc

	
	PA3
	VA30
	PA3
	VA30

	Tx Ec/No gain[dB]
	-0.40
	-0.72
	-1.49
	-2.65

	Rx Ec/No gain[dB]
	-0.27
	-0.69
	-1.04
	-2.54


3 Conclusion 

This contribution presents simulation results of Time Alignment Error impact on the performance of Uplink Closed Loop Transmit Diversity for HSPA and suggests to take evaluated TAE into consideration in future UE requirements for QPSK UL transmission. It also points out that performance degradation caused by TAE increases for higher data rates.
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Appendix 1

Table 3. Simulation assumptions for UL CLTD simulations

	Parameter
	Value

	Physical channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020, QPSK (1.01 Mbps)

10400, QPSK (5.2 Mbps)

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

TBS 10400: 2xSF2+2xSF4

	20*log10(βed/βc) [dB]
referenced to 1xSF4
	9

	20*log10(βec/βc) [dB]
	TBS 2020: 2

TBS 10400: 2

	20*log10(βc2/βc1) [dB]
	0 dB

	Number of H-ARQ processes
	8

	H-ARQ operating point
	1% BLER after 4 attempts

	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%

	Beamforming scheme
	Asymmetric 4-entry codebook

	TX weight vector feedback delay
	2 slots

	TX weight vector feedback error rate
	0%

	TX weight vector update frequency
	1 TTI (3 slots)

	Phase discontinuity compensation for MIMO channel estimation
	Channel synthesis

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake, 2 RX antennas

	Rake fingers delays [chips]
	[0, 1, 2] for PA3, [0, 1, 3, 4, 7, 10] for VA30

	Antenna imbalance [dB]
	0

	Simulation oversampling ratio
(relative to chip rate of 3.84 MHz)
	4

	TAE [chips]
	0, 0.25, 0.5

	UE DTX
	OFF

	Soft Handover
	OFF


