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1. Introduction

To estimate the 64QAM gains by simulations, a 64QAM E-TFC set was developed and link-level simulations were run to measure the SIMO, CL-BFTD, MIMO modes performance for the Ped A 3 km/h and Veh A 3 km/h channel models with uncorrelated antenna realizations. The characteristic measured by the simulations was the system throughput as a function of the target RX Ec/No. Dual branch receiver with signal equalization and ideal channel estimation was used at the stage of preliminary simulations. The other simulation assumptions used in this paper are shown in Appendix A. The adaptive E-TFC selection is based on the date rates defined in Appendix B. 

For the UL MIMO physical channel structure we consider the use of two transport blocks (TBs) transmission with independent (non-interleaved) mapping of the E-DPDCH and S-E-DPDCH physical data channels over the primary and secondary spatial streams respectively [1] (MIMO Option II). The assumed UL MIMO physical channel structure is shown on Figure2 in [5]. Precoding of the physical channels is done so that the DPCCH, E-DPCCH, and E-DPDCH are transmitted on the primary spatial channel and S-DPCCH and S-E-DPDCH on the secondary spatial channel. However, precoding using the primary weight vector may also be considered as a possible option and this will have an impact on the power setting for the S-DPCCH and S-E-DPCCH channels.

  Simulation Results

1.1. Simulation Results for Ideal Channel Estimation

This section presents simulation results for the ideal channel estimation case. Subsection 2.2 provides the results for the Ped A 3 km/h channel model and Subsection 2.3 for the Veh A 3 km/h channel model. For each specific scenario, the simulated data is presented first in the table format demonstrating the throughput for different target RX Ec/No values and then as graphs of the throughput versus target RX Ec/No.

1.2. Ped A 3 km/h Channel
Table 1. Throughput (SIMO, CL-BFTD, MIMO) for different target RX Ec/No for the 64QAM E-TFC set and the Ped A 3 km/h channel model (ideal channel estimation)

	Mode
	RX Ec/No, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps

	SIMO
	2681
	4905
	7787
	11147
	13584

	CL-BFTD
	2873
	5073
	7798
	8658
	10639

	MIMO
	2718
	5112
	8296
	12866
	18151


Table 2. Throughput (SIMO, CL-BFTD, MIMO) for different target RX Ec/No for the 16QAM E-TFC set and the Ped A 3 km/h channel model (ideal channel estimation)

	Mode
	RX Ec/No, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps

	SIMO
	2682
	4911
	7865
	 9670
	 10379

	CL-BFTD
	2874
	5083
	8011
	 8344
	 9074

	MIMO
	2708
	5114
	8347
	12892
	15917
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Figure 1. Throughput (SIMO, CL-BFTD, MIMO) vs. target RX Ec/No for the 64QAM and 16QAM E-TFC sets in the Ped A 3 km/h channel model (ideal channel estimation)

It can be seen that the throughput of the two E-TFC sets (16QAM and 64QAM) is identical for all the transmission modes up to the RX Ec/No level of 10 dB. For higher RX Ec/No of 15 and 20 dB, the 64QAM E-TFC set starts to outperform the 16QAM E-TFC set for SIMO and CL-BFTD. At the maximum target RX Ec/No of 20 dB, the gains of the 64QAM E-TFC set relative to the 16QAM E-TFC set are 31% for SIMO and 17% for CL-BFTD. 

Comparing the SIMO and CL-BFTD performance, the relative degradation of CL-BFTD to SIMO (occurring because of the additional interference due to S-DPCCH) can be seen to grow for the 64QAM E-TFC set in comparison with the case of 16QAM being the maximum modulation order. This is considered to be an expected behavior since the 64QAM E-TFC set allows to transform the post-receiver SINR difference between SIMO and CL-BFTD into a higher throughput gain. However CL-BFTD lead to the transmit power decrease on the UE side and to the general decrease of the noise rise contribution to the network.
For MIMO, the modulation order saturation of 16QAM is not exhibited for the target RX Ec/No equal to 15 dB, since the data is transmitted over the two spatial streams. Even for the first spatial streams the used E-TFCs are on average below than those for SIMO and CL-BFTD, because of essential interference from the second spatial stream. However, at RX Ec/No of 20 dB, the 64QAM E-TFC set starts to outperform the 16QAM E-TFC set and the observed gain is 14%.

1.3. Veh A 3 km/h Channel

Table 3. Throughput (SIMO, CL-BFTD, MIMO) for different target RX Ec/No for the 64QAM E-TFC set and the Veh A 3 km/h channel model (ideal channel estimation)

	Mode
	RX Ec/No, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps

	SIMO
	2433
	4510
	7066
	10303
	12897

	CL-BFTD
	2674
	4739
	7318
	8141
	10203

	MIMO
	2479
	4620
	7580
	10978
	15499


Table 4. Throughput (SIMO, CL-BFTD, MIMO) for different target RX Ec/No for the 16QAM E-TFC set and the  Veh A 3 km/h channel model (ideal channel estimation)

	Mode
	RX Ec/No, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps
	T-put, Kbps

	SIMO
	2433
	4505
	7085
	9437
	10116

	CL-BFTD
	2674
	4784
	7342
	8051
	8909

	MIMO
	2490
	4696
	7581
	11305
	 15057
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Figure 2. Throughput (SIMO, CL-BFTD, MIMO) vs. target RX Ec/No for the 64QAM and 16QAM E-TFC sets in the Veh A 3 km/h channel model (ideal channel estimation)

The behavior of the 64QAM vs. 16QAM E-TFC sets observed for the Veh A 3 km/h channel model is identical to the Ped A 3 km/h channel model. However, the 64QAM gains are on average lower than for the Ped A channel because of higher frequency selectivity and on average smaller TBSs used in the Veh A channel. At RX Ec/No of 20 dB, the gains are equal to 27% for SIMO, 15% for CL-BFTD, and for MIMO the performance for both E-TFC sets is identical. The CL-BFTD to SIMO degradation also grows when going from 64QAM to 16QAM as the maximum modulation order.
2. Conclusion
The initial simulation results shown in this paper give following observations: 

· The overall gains with 64QAM were observed at high SNR (RX Ec/No) when 16QAM based E-TFCs start to saturate. 
· For E-TFC set including 64QAM modulation and multiple data rates the various transmission modes shows:

· For SIMO and CL-BFTD, the gains appear at RX Ec/No above 10 dB and at RX Ec/No equal to 20 dB achieve up to 30%. Higher gains are demonstrated for SIMO because of additional interference from the S-DPCCH physical channel in the CL-BFTD mode. 
· For MIMO, the gains of 64QAM are visible at RX Ec/No above 15 dB and reach up to 15% for the Ped A 3 km/h channel, but for the Veh A 3 km/h channel model the 64QAM gains were not observed up to the maximum simulated RX Ec/No of 20 dB. 

Appendix A

Simulation Assumptions

Table 5 presents the simulation assumptions used in the analysis. 
Table 5. Simulation assumptions

	Parameter
	Value

	Physical channels
	For SIMO:    DPCCH, E-DPCCH, and E-DPDCH ;
For CL-BFTD: DPCCH, S-DPCCH, E-DPCCH, 
             S-E-DPCCH and E-DPDCH; 
For MIMO:   DPCCH, S-DPCCH, E-DPCCH, 
           S-E-DPCCH, E-DPDCH, S-E-DPDCH.

	MIMO architecture
	Option II

	T2TP
	(10 dB (depending on the E-TFC)

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM, 64QAM (see Appendix B with  design of E-TFC set )

	TBS [bits]
	Variable: 120 – 22995 bits for 16QAM E-TFC set, 120 – 32832 for 64QAM E-TFC set and 120 – 32832 bits for 64QAM E-TFC set

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	Number of H-ARQ processes
	8

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	Ideal

	Inner loop power control
	On

	Outer loop power control
	On

	Number of TX weights
	4, asymmetric phase only codebook with the weight for first antenna always equal to √2/2

	Beamforming approach for MIMO
	CL-BFTD-compliant

	TX weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TX weight vector feedback delay
	4 slots

	TX weight vector feedback error rate
	No errors, ideal feedback

	TX weight vector update frequency
	3 slots

	Scheduler delay
	2 TTIs

	Delay for marginal loop
 of MIMO Option II
	2 TTIs

	Margin loop 
for MIMO Option II stepsizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	PA3, VA3

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	MIMO rank selection
	Fixed rank-2


Appendix B 

E-TFC selection for UL MIMO
The link level simulations are performed with an adaptive E-TFC selection according to the target noise rise value. The E-TFCI selection is based on [4].  Link adaptation is also done by inner and outer closed loop power control. The E-TFCs collection used for LL simulations is shown on Figure 3 and in Table 6. Number of 18 E-TFCs in total were included in the E-TFC set with five QPSK (BPSK) E-TFCs, seven 16QAM (4PAM) E-TFCs with the code rate up to 0.845, and eight 64QAM (8PAM) E-TFCs with the code rate starting from 0.6 and up to 0.95. The higher number of 64QAM E-TFCs is mainly due to their denser selection than for QPSK and 16QAM.
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BPSK, TBS = 120,     rate = 0.010

BPSK, TBS = 1593,   rate = 0.138

BPSK, TBS = 2856,   rate = 0.248

BPSK, TBS = 4913,   rate = 0.427

BPSK, TBS = 6859,   rate = 0.595

4PAM, TBS = 8105,   rate =  0.352

4PAM, TBS = 9985,   rate = 0.433

4PAM, TBS = 11316, rate = 0.491

4PAM, TBS = 15798, rate = 0.686

4PAM, TBS = 19462, rate = 0.845

8PAM, TBS = 20736, rate = 0,600

8PAM, TBS = 22464, rate = 0,650

8PAM, TBS = 24192, rate = 0,700

8PAM, TBS = 25920, rate = 0,750

8PAM, TBS = 27648, rate = 0,800

8PAM, TBS = 29376, rate = 0,850

8PAM, TBS = 31104, rate = 0,900

8PAM, TBS = 32832, rate = 0,950


Figure 3. BLER versus post-receiver SNR for the design 64QAM E-TFC set
Table 6. E-TFC set
	Modulation
	TBS
	Data Rate [kbps]
	Coding Rate

	BPSK
	120
	60
	0.01

	BPSK
	1593
	797
	0.138

	BPSK
	2856
	1428
	0.248

	BPSK
	4913
	2457
	0.427

	BPSK
	6859
	3430
	0.595

	4PAM
	8105
	4053
	0.352

	4PAM
	9985
	4993
	0.433

	4PAM
	11316
	5658
	0.491 

	4PAM
	15798
	7899
	0.686

	4PAM
	19462
	9731
	0.845

	8PAM
	20736
	10368
	0.6

	8PAM
	22464
	11232
	0.65

	8PAM
	24192
	12096
	0.75

	8PAM
	25920
	12960
	0.8

	8PAM
	27648
	13824
	0.85

	8PAM
	29376
	14688
	0.7

	8PAM
	31104
	15552
	0.9

	8PAM
	32832
	16416
	0.95
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