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1. Introduction
The legacy scheduling approach for HSUPA systems includes a joint procedure for power control and E-TFC selection. The E-TFC is uniquely defined by the serving grant SG level that is taken relative to the DPCCH control channel level as that to utilize the available RX Ec/No budget. This scheduling procedure where the received power budget is used for the E-TFC selection is referred to as the power-based scheduling.

The power-based scheduling approach is now considered for rank-2 UL MIMO but it has some limitations for the high SNR regime and at adaptive rank-1/rank-2 switching. As an alternative, the SINR-based scheduling approach is proposed. Such approach has been first considered for the secondary stream scheduling but now is also introduced for scheduling of the primary stream as well [1]. 
The SINR-based scheduling approach decouples the power control and E-TFC selection mechanisms by introduction of additional SD1 and SD2 parameters that impact the E-TFC selection for the first and secondary streams but do not impact the transmit power level. The transmit power level is defined by the SG parameter and is set equal for both streams. However, the grant values passed to the E-TFC selection function for the two streams are equal to SG with the offsets of SD​1 and SD2 respectively. The SD1 and SD2 values are selected based on the post-receiver SINRs of the corresponding streams and adjusted by additional margins to ensure the required BLER performance. The details of the SINR-based scheduling are provided in [1].
This document provides link level simulation results for the power-based and SINR-based scheduling of UL MIMO transmissions of rank-1 and rank-2.
2. Simulation Assumptions
The simulation assumptions are provided in Table 1.
Table 1. Simulation assumptions 
	Parameter
	Value

	Physical channels
	DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, and S-E-DPDCH

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

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM, 64QAM 

	TBS [bits]
	Variable: 120 –  32832 bits 

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

	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

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

	TPI weight vector feedback delay
	4 slots

	TPI weight vector feedback error rate
	No errors, ideal feedback

	TPI weight vector update frequency
	3 slots

	Scheduling approach
	Power-based, SINR-based

	Scheduler delay
	2 TTIs

	Delay for marginal loop assisting secondary stream E-TFC selection
	2 TTIs

	Marginal loop step sizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	Ped A, 3 km/h,

 Veh A, 3 km/h

	Correlation of channel realizations between different TX and RX antennas
	0; 0.7

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	MIMO rank selection
	Fixed rank-1 and rank-2

	TPC feedback error rate
	No errors, ideal feedback

	TPC feedback delay
	2 slots

	TPC period
	1 slot

	Target RX Ec/No
	0; 5; 10; 15; 20 dB


For the SINR-based scheduling approach, a modification of the power control algorithm is introduced. The metric controlled by the ILPC is the DPCCH received power level that is selected so that to sustain the required target RX Ec/No value. The OLPC operation for the SINR-based approach is disabled.
For the secondary stream at the power-based approach and for both streams at the SINR-based approach (i.e. for all the streams using the SINR-based scheduling), marginal control loops are introduced for each stream to adjust the SD parameters so that to control the BLER performance [2]. 

3. Simulation Results

Link level simulations for the UL MIMO mode using rank-1 and rank-2 transmissions have been performed. The power-based and SINR-based scheduling approaches were evaluated for both rank-1 and rank-2 (fixed rank operation).
The cases of the non-correlated channel realizations between the TX and RX antennas and correlated channel realization with the correlation coefficient equal to 0.7 were analyzed.
The measured characteristics included the data throughput, average RX Ec/No and the RX Ec/No level at 90% CDF, and the BLER.
3.1. Non-Correlated Channel Realizations between TX and RX Antennas

3.1.1. Ped A 3 km/h Channel Model
Table 2. Throughput, average RX Ec/No, RX Ec/No CDF at 90% level, and BLER as functions of target RX Ec/No UL MIMO rank-1 and rank-2 transmissions using power-based and SINR-based scheduling for Ped A 3 km/h channel model and non-correlated channel realizations between TX and RX antennas
	
	UL MIMO rank
	E-TFC Selection Approach
	Target RX Ec/No, dB

	
	
	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	Throughput, Kbps
	1
	Power
	2818
	5022
	7933
	10989
	13034

	Average RxEc/No, dB
	1
	Power
	0.0
	4.4
	9.5
	15.1
	20.2

	RxEc/No 90%, dB
	1
	Power
	0.6
	5.2
	10.7
	16.0
	21.3

	BLER
	1
	Power
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	1
	SINR
	2933
	5312
	8046
	11548
	14107

	Average RxEc/No, dB
	1
	SINR
	0.0
	5.0
	10.0
	15.0
	20.0

	RxEc/No 90%, dB
	1
	SINR
	0.4
	5.3
	10.3
	15.4
	20.3

	BLER
	1
	SINR
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	2
	Power
	2308
	5020
	8285
	12907
	17872

	Average RxEc/No, dB
	2
	Power
	0.0
	4.6
	9.4
	14.9
	20.2

	RxEc/No 90%, dB
	2
	Power
	0.3
	5.7
	10.7
	16.3
	21.3

	BLER
	2
	Power
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	2
	SINR
	2691
	5266
	8713
	13056
	18472

	Average RxEc/No, dB
	2
	SINR
	0.1
	5.0
	10.0
	15.0
	20.0

	RxEc/No 90%, dB
	2
	SINR
	0.4
	5.3
	10.4
	15.3
	20.3

	BLER
	2
	SINR
	0.1
	0.1
	0.1
	0.1
	0.1
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Figure 1. Throughput as a function of average RX Ec/No for UL MIMO rank-1 and rank-2 transmissions using power-based and SINR-based scheduling for Ped A 3 km/h channel model and non-correlated channel realizations between TX and RX antennas

Table 3. Throughput, average RX Ec/No, RX Ec/No CDF at 90% level, and BLER as functions of target RX Ec/No UL MIMO rank-1 and rank-2 transmissions using power-based and SINR-based scheduling for Veh A 3 km/h channel model and non-correlated channel realizations between TX and RX antennas
	
	UL MIMO rank
	E-TFC Selection Approach
	Target RX Ec/No, dB

	
	
	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	Throughput, Kbps
	1
	Power
	2610
	4691
	7135
	9764
	12035

	Average RxEc/No, dB
	1
	Power
	0.0
	4.9
	9.5
	15.3
	20.4

	RxEc/No 90%, dB
	1
	Power
	0.7
	5.7
	10.8
	16.4
	21.7

	BLER
	1
	Power
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	1
	SINR
	2731
	4977
	7182
	9869
	12513

	Average RxEc/No, dB
	1
	SINR
	0.1
	5.0
	10.0
	15.0
	20.0

	RxEc/No 90%, dB
	1
	SINR
	0.4
	5.3
	10.3
	15.4
	20.3

	BLER
	1
	SINR
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	2
	Power
	2087
	4600
	7573
	11276
	15502

	Average RxEc/No, dB
	2
	Power
	0.0
	5.1
	9.4
	15.0
	21.6

	RxEc/No 90%, dB
	2
	Power
	0.3
	6.0
	10.5
	16.3
	21.9

	BLER
	2
	Power
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	2
	SINR
	2433
	4818
	7744
	11394
	15631

	Average RxEc/No, dB
	2
	SINR
	0.0
	5.0
	10.0
	15.0
	20.0

	RxEc/No 90%, dB
	2
	SINR
	0.3
	5.3
	10.3
	15.3
	20.3

	BLER
	2
	SINR
	0.1
	0.1
	0.1
	0.1
	0.1
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Figure 2. Throughput as a function of average RX Ec/No for UL MIMO rank-1 and rank-2 transmissions using power-based and SINR-based scheduling for Veh A 3 km/h channel model and non-correlated channel realizations between TX and RX antennas
3.2. Correlated Channel Realizations between TX and RX Antennas with Correlation Coefficient Equal to 0.7
Table 4. Throughput, average RX Ec/No, RX Ec/No CDF at 90% level, and BLER as functions of target RX Ec/No UL MIMO rank-1 and rank-2 transmissions using power-based and SINR-based scheduling for Ped A 3 km/h channel model and correlated channel realizations between TX and RX Antennas with correlation coefficient equal to 0.7
	
	UL MIMO rank
	E-TFC Selection Approach
	Target RX Ec/No, dB

	
	
	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	Throughput, Kbps
	1
	Power
	2715
	4936
	7780
	10866
	12879

	Average RxEc/No, dB
	1
	Power
	0.0
	4.3
	9.3
	14.9
	20.2

	RxEc/No 90%, dB
	1
	Power
	0.4
	5.2
	10.5
	15.9
	21.4

	BLER
	1
	Power
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	1
	SINR
	2922
	5281
	8075
	11545
	13953

	Average RxEc/No, dB
	1
	SINR
	0.0
	5.0
	10.0
	15.0
	20.0

	RxEc/No 90%, dB
	1
	SINR
	0.4
	5.4
	10.4
	15.4
	20.3

	BLER
	1
	SINR
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	2
	Power
	2188
	4203
	6583
	9859
	13810

	Average RxEc/No, dB
	2
	Power
	0.5
	6.7
	12.1
	16.2
	21.0

	RxEc/No 90%, dB
	2
	Power
	0.7
	6.2
	11.8
	17.8
	22.5

	BLER
	2
	Power
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	2
	SINR
	2420
	4486
	7002
	10206
	14212

	Average RxEc/No, dB
	2
	SINR
	0.1
	5.0
	10.0
	15.0
	20.0

	RxEc/No 90%, dB
	2
	SINR
	0.4
	5.3
	10.3
	15.3
	20.3

	BLER
	2
	SINR
	0.1
	0.1
	0.1
	0.1
	0.1
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Figure 3. Throughput as a function of average RX Ec/No for UL MIMO rank-1 and rank-2 transmissions using power-based and SINR-based scheduling for Ped A 3 km/h channel model and correlated channel realizations between TX and RX Antennas with correlation coefficient equal to 0.7

Table 5. Throughput, average RX Ec/No, RX Ec/No CDF at 90% level, and BLER as functions of target RX Ec/No UL MIMO rank-1 and rank-2 transmissions using power-based and SINR-based scheduling for Veh A 3 km/h channel model and correlated channel realizations between TX and RX Antennas with correlation coefficient equal to 0.7
	
	UL MIMO rank
	E-TFC Selection Approach
	Target RX Ec/No, dB

	
	
	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	Throughput, Kbps
	1
	Power
	2426
	4390
	6716
	9342
	11483

	Average RxEc/No, dB
	1
	Power
	0.0
	4.7
	9.2
	15.0
	20.4

	RxEc/No 90%, dB
	1
	Power
	0.4
	5.6
	10.4
	16.2
	22.0

	BLER
	1
	Power
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	1
	SINR
	2644
	4765
	7065
	9689
	12174

	Average RxEc/No, dB
	1
	SINR
	0.1
	5
	10.0
	15.0
	20.0

	RxEc/No 90%, dB
	1
	SINR
	0.4
	5.3
	10.3
	15.4
	20.3

	BLER
	1
	SINR
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	2
	Power
	1845
	3684
	5914
	8641
	12076

	Average RxEc/No, dB
	2
	Power
	0.3
	5.5
	10.3
	15.1
	20.8

	RxEc/No 90%, dB
	2
	Power
	1.0
	6.7
	11.7
	17.3
	23.1

	BLER
	2
	Power
	0.1
	0.1
	0.1
	0.1
	0.1

	Throughput, Kbps
	2
	SINR
	2202
	3924
	6233
	8858
	12401

	Average RxEc/No, dB
	2
	SINR
	0.0
	5.0
	10.0
	15.0
	20.0

	RxEc/No 90%, dB
	2
	SINR
	0.4
	5.3
	10.3
	15.3
	20.3

	BLER
	2
	SINR
	0.1
	0.1
	0.1
	0.1
	0.1
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Figure 4. Throughput as a function of average RX Ec/No for UL MIMO rank-1 and rank-2 transmissions using power-based and SINR-based scheduling for Ped A 3 km/h channel model and correlated channel realizations between TX and RX Antennas with correlation coefficient equal to 0.7

4. Discussion

The provided simulation results for non-correlated channel realizations between TX and RX antennas and for the Ped A 3 km/h channel demonstrate a throughput gain of the SINR-based approach relative to the power-based approach. The SINR-based approach gains are increased with increasing the target RX Ec/No and, consequently, increasing the data rate. For the target RX Ec/No equal to 20 dB the gains reach 1 Mb/s for MIMO rank-1 operation (8%) and 600 kb/s for MIMO rank-2 operation (3%). For the Veh A 3 km/h channel, the gains are up to 500 kb/s (4%) and 1 Mb/s (6%) for rank-1 and rank-2 correspondently.

The results for correlated channel realizations between TX and RX antennas with the correlation coefficient of 0.7 are qualitatively similar to the results for non-correlated channel realizations but the gains are in general higher. The gains for the Ped A 3km/h channel are up to 1 Mb/s (8%) for rank-1 operation and up to 1 Mb/s (8%) for rank-2 operation. The gains for the Veh A 3 km/h channel are up to 700 kb/s (6%) for rank-1 operation and up to 700 kb/s (6%) for rank-2 operation.

For rank-1 UL MIMO operation, the SINR-based scheduling gains are essential for high RX Ec/No (≥ 15 dB) when the inter-symbol interference is the main limiting factor for the system performance.

For rank-2 UL MIMO operation, the gains of the SINR-based approach are significantly higher for the Veh A 3 km/h channel and for the correlation coefficient of 0.7 between TX and RX antennas. For the correlation coefficient of 0.7, the gains are practically independent of the RX Ec/No. The described behavior of the gains allows to conclude that the SINR-based scheduling provides essential gains for the cases with high inter-symbol and inter-stream interferences where such interference is the main limiting factor for the system performance. 

Another benefit of the SINR-based approach relative to the power-based approach is in more stable RX Ec/No level especially for UL MIMO rank-2 operation. This conclusion is confirmed by the results from Table 2 – Table 5 where difference between the 90% CDF and the average RX Ec/No values is decreased in some cases from above 2 dB for the power-based scheduling to less than 0.5 dB for the SINR-based approach.
5. Conclusion
This contribution presented link level simulation results for the power-based and SINR-based scheduling approaches for UL MIMO transmissions.

It is demonstrated that the SINR-based scheduling provides more efficient system operation for both rank-1 and rank-2 in comparison with the power-based scheduling. The throughput gains of up to 8% were provided with higher gains occurring for the scenarios with large inter-symbol or inter-stream interference. Also an improvement of the RX Ec/No stability for the SINR-based scheduling was observed.
Based on the presented simulation results, it is proposed to adopt the SINR-based scheduling approach for rank-2 UL MIMO and consider introduction of the SINR-based scheduling approach for rank-1 UL MIMO operation
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