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Discussion
1. Introduction

In RAN#50 meeting, a new study item UL MIMO was approved [1], and some performance evaluation methods were provided in [2][3]. This contribution will present the text proposal on the link performance evaluation results for UL MIMO for HSPA to the Technical Report [4].
2. Discussion
The body of the test proposal is presented in the following part of the contribution.
3. Conclusion

It is proposed to agree the text proposal on the performance evaluation method of the UL MIMO for HSPA feature as presented in document [4].
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Performance Evaluation Results

The parameters of the E-TFC set are given in Table 8.1. The first four columns show the peak data rates, TBS, modulation, and the coding rate. The Ecp/No column was generated by simulating SIMO transmissions in AWGN with 2 receive antennas, ∆T2TP=10dB and without power control. The true DPCCH (pilot) SNR, combined across receive antennas, required to meet 10% BLER after the 1st HARQ attempt in this simulation is recorded in the Ecp/No column. 

The DPCCH boost column is then derived from the Ecp/No column by ensuring that the difference between the Ecp/No dB values for any two TBS is the same as the difference between their corresponding DPCCH boosts.. The scheduler uses Table 8.1 to map the received SNRs to TBS values, and to determine the modulation scheme and DPCCH boost to be used for each TBS.
Table 8.1: Parameters of the E-TFC set used in the simulations
	Data rate,
kbps
	TBS, bits
	Modulation
	Coding rate
	Qualcomm
	NSN
	Ericsson

	
	
	
	
	Ecp/No [dB]
	DPCCH boost [dB]
	Ecp/No [dB]
	DPCCH boost [dB]
	Ecp/No [dB]
	DPCCH boost [dB]

	60.0
	120
	QPSK
	0.010
	-25.6
	0
	-26.00
	
	
	

	796.5
	1593
	QPSK
	0.138
	-15.8
	9.8
	-15.95
	
	
	

	1428.0
	2856
	QPSK
	0.248
	-13.4
	12.2
	-13.40
	
	
	

	2456.5
	4913
	QPSK
	0.426
	-11
	14.6
	-10.90
	
	
	

	3429.5
	6859
	QPSK
	0.595
	-8.8
	16.8
	-8.73
	
	
	

	4052.5
	8105
	16QAM
	0.352
	-7.4
	18.2
	-7.08
	
	
	

	4992.5
	9985
	16QAM
	0.433
	-6
	19.6
	-5.67
	
	
	

	5658.0
	11316
	16QAM
	0.491
	-5
	20.6
	-4.67
	
	
	

	7899.0
	15798
	16QAM
	0.686
	-1.8
	23.8
	-1.73
	
	
	

	9731.0
	19462
	16QAM
	0.845
	0.8
	26.4
	0.87
	
	
	

	11497.5
	22995
	16QAM
	0.998
	7.4
	33
	7.43
	
	
	


In addition to the simulation assumptions listed in Section 7.1, the following assumptions have been made by the respective companies and the corresponding results may be interpreted accordingly.

Qualcomm

· Practical channel estimation was applied with a 4 slot not causal filter with weights [0.4 0.3 0.2 0.1]. 

· SVD of maximum-energy channel tap was used was used for unquantized PCI and a 2 bit phase only codebook when quantization was simulated which maximized the single stream post equalizer SNR.

· The PCI update rate and feedback delay were assumed to be 3 slots each. No PCI feedback error was assumed. 

· The scheduling delay was assumed to be 3 slots while the marginal loop delay was 3 TTIs. The step sizes for the marginal loop was set to be +0.0125 and -0.1125. 

NSN

· Practical channel estimation was applied with a 3 slot causal filter with equal weights. 

· 2 bit phase only codebook when quantization was simulated which maximized the primary stream SINR.

· The PCI update rate and feedback delay were assumed to be 3 slots and 4 slots respectively. No PCI feedback error was assumed. 

· The scheduling delay was assumed to be 4 slots. 

Ericsson

· No boosting was applied in the simulations. Instead the beta factors for the traffic were varied for each TBS. 

· Ideal channel estimation was assumed. 

· 2 bit phase only codebook when quantization was simulated which maximized the SNR of the primary stream.

· The PCI update rate was assumed to be 1 slot and no feedback delay was assumed. No PCI feedback error was also assumed. 

Huawei

· The E-TFC set for primary and secondary stream scheduling is the same with the legacy E-TFC set, and the legacy E-TFC selection is mostly used in the simulation. After the primary 
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and primary TBS are determined, the secondary 
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is calculated through the formula below
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then the secondary TBS is selected according to 
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· No boosting was applied in the simulations. The beta factors of the primary stream for the traffic were varied for each TBS, and the secondary stream has the same beta factors with primary stream. 

· Real channel estimation was assumed. 

· 2 bit phase only codebook when quantization was simulated which maximized the SNR of the primary stream.

· The PCI update rate was assumed to be 1 slot and the feedback delay was assumed to be 3 slots. No PCI feedback error was also assumed. 
· The scheduling delay was assumed to 3 slots.
A summary of the performance results as a function of the Rx Ec/No per antenna are shown in the following tables.

Table 8.2: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase

Table 8.3: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase

Table 8.4: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x4); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase

Table 8.5: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x4); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase

Table 8.2: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase

	Mode
	
	Unquantized PCI
	Quantized PCI

	
	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	Throughput [kbps]
	4786
	7273
	8907
	9557
	4786
	7273
	8907
	9557

	
	NSN
	
	
	
	
	
	4846
	7042
	8691
	8693

	
	Ericsson
	
	
	
	
	
	4655
	6831
	7935 
	10002 

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.8
	9.8
	14.6
	16.7

	
	Huawei
	Throughput [kbps]
	
	
	
	
	5162
	6858
	7554
	7698

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	5.0
	10.9
	16.3
	19.4

	CLTD
	Qualcomm
	Throughput [kbps]
	5274
	8075
	9480
	9973
	5125
	7842
	9276
	9645

	
	
	Gain [%]
	10
	11
	6
	4
	7
	8
	4
	1

	
	NSN
	Throughput [kbps]
	
	
	
	
	4975
	7126
	8202
	8270

	
	
	Gain [%]
	
	
	
	
	3
	1
	-6
	-5

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	4734
	6841
	8016
	10007

	
	
	Gain [%]
	
	
	
	
	1.7
	0.15
	1.0
	0.05

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.7
	9.7
	14.5
	16.5

	
	Huawei
	Throughput [kbps]
	
	
	
	
	5398
	7315
	8188
	8517

	
	
	Gain [%]
	
	
	
	
	4.6
	6.7
	8.4
	10.6

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	5.0
	10.9
	16.3
	19.4

	MIMO
(Dual TB)
	Qualcomm
	Throughput [kbps]
	5302
	8923
	12045
	13719
	5194
	8149
	10776
	12641

	
	
	Gain [%]
	11
	23
	35
	44
	9
	12
	21
	32

	
	NSN
	Throughput [kbps]
	
	
	
	
	5086
	7811
	10771
	12460

	
	
	Gain [%]
	
	
	
	
	5
	11
	24
	43

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	4726
	7910
	10475
	11945 

	
	
	Gain [%]
	
	
	
	
	1.5
	15.8
	32.0
	19.4

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.7
	9.8
	14.7
	19.6

	
	Huawei
	Throughput [kbps]
	
	
	
	
	4716
	7822
	9116
	9205

	
	
	Gain [%]
	
	
	
	
	-8.6
	14
	20.7
	19.6

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	5.0
	10.9
	16.3
	21.6


Table 8.3: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase

	Mode
	
	Unquantized PCI
	Quantized PCI

	
	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	Throughput [kbps]
	4290
	6322
	7696
	8303
	4290
	6322
	7696
	8303

	
	NSN
	
	
	
	
	
	4335
	6512
	8409
	8787

	
	Ericsson
	
	
	
	
	
	
	
	
	

	
	Huawei
	Throughput [kbps]
	
	
	
	
	4432
	6468
	6967
	6926

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	5.0
	10.9
	16.3
	21.4

	CLTD
	Qualcomm
	Throughput [kbps]
	4201
	6084
	7280
	7786
	4158
	5986
	7231
	7765

	
	
	Gain [%]
	-2
	-4
	-5
	-6
	-3
	-5
	-6
	-6

	
	NSN
	Throughput [kbps]
	
	
	
	
	4488
	6442
	7644
	8049

	
	
	Gain [%]
	
	
	
	
	4
	-1
	-9
	-8

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	

	
	Huawei
	Throughput [kbps]
	
	
	
	
	4406
	6332
	7013
	6974

	
	
	Gain [%]
	
	
	
	
	-0.5
	-2
	0.6
	0.7

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	5.0
	10.9
	16.2
	21.3

	MIMO (Dual TB)
	Qualcomm
	Throughput [kbps]
	4219
	6855
	9057
	10187
	4186
	6755
	8909
	10099

	
	
	Gain [%]
	-2
	8
	18
	23
	-2
	7
	16
	22

	
	NSN
	Throughput [kbps]
	
	
	
	
	4571
	6951
	9785
	11681

	
	
	Gain [%]
	
	
	
	
	5
	7
	16
	33

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	

	
	Huawei
	Throughput [kbps]
	
	
	
	
	4377
	7073
	8122
	8154

	
	
	Gain [%]
	
	
	
	
	-1.2
	9.4
	16.6
	17.7

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	5
	11.1
	16.1
	19.8


The following tables show the the average Tx Ec/No [dB] as a function of the average Rx Ec/No [dB].

Table 8.7: Tx Ec/No as a function of the average Rx Ec/No: UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Average Tx Ec/No [dB]
	Unquantized PCI
	Quantized PCI

	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	7.2
	12.3
	17.4
	22.4
	7.2
	12.3
	17.4
	22.4

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	6.9
	11.9
	16.7
	19.1

	
	Huawei
	
	
	
	
	7.0
	13.0
	18.4
	21.5

	CLTD
	Qualcomm
	4.2
	9.2
	14.4
	19.4
	4.9
	9.9
	14.8
	19.9

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	4.3
	9.3
	14.1
	16.2

	
	Huawei
	
	
	
	
	4.5
	10.4
	15.9
	19.0

	MIMO
	Qualcomm
	4.3
	10.2
	15.6
	20.8
	5.0
	10.5
	15.8
	20.9

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	4.3
	10.3
	15.7
	20.6

	
	Huawei
	
	
	
	
	6.0
	11.9
	17.1
	22.6


Table 8.8: Tx Ec/No as a function of the average Rx Ec/No: UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Average Tx Ec/No [dB]
	Unquantized PCI
	Quantized PCI

	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	7.2
	12.3
	17.4
	22.4
	7.2
	12.3
	17.4
	22.4

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	6.9
	11.9
	16.7
	19.1

	
	Huawei
	
	
	
	
	5.9
	11.8
	17.3
	22.4

	CLTD
	Qualcomm
	4.2
	9.2
	14.4
	19.4
	4.9
	9.9
	14.8
	19.9

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	4.3
	9.3
	14.1
	16.2

	
	Huawei
	
	
	
	
	4.5
	10.4
	15.8
	20.9

	MIMO
	Qualcomm
	4.3
	10.2
	15.6
	20.8
	5.0
	10.5
	15.8
	20.9

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	4.3
	10.3
	15.7
	20.6

	
	Huawei
	
	
	
	
	5.3
	11.5
	16.6
	20.3


……
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