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1. Introduction

The SINR-based scheduling is an HSUPA scheduling and rate adaptation method proposed in [1] and intended for HSUPA performance improvement mostly for effective operation with high data rates. The SINR-based scheduling proposal is made in a response for a new study item [2] to improve the existing rate adaptation mechanism. 

Basic principles of the SINR-based scheduling approach include decoupling of the power control and the E-TFC selection (scheduling) algorithms by means of independent signaling and setting the transmit power and an E-TFC to be used for transmission.

Initial proposals with a description of the method and the first simulation results covering the considered topic was previously presented in 3GPP ([3], [4], [5]) within the HSUPA MIMO study item. The documents demonstrate that application of the new approach leads to data throughput gains and more stable system operation in comparison with the legacy scheduling principles.

This contribution presents initial simulation results for the SINR-based scheduling approach for HSUPA. The results are obtained for the legacy scheduling and E-TFC selection approach referred hereinafter as to power-based scheduling and for the SINR-based scheduling approach. Link level simulation results accurately describing system performance for a single UE and system level simulation results demonstrating efficiency of the two scheduling approaches in the whole system are provided in the document.

2. Gain Mechanisms of SINR-based Scheduling

The proposed SINR-based scheduling approach is intended for overcoming limitations of the traditional power-based scheduling approach where proportionality between the post-receiver SINR and the received (or transmitted) power level is inherently assumed. This proportionality holds when the thermal noise and other UE interference constitute a major part of the overall post-receiver noise. However, the proportionality breaks for a self-interference limited system where the post-receiver noise is mainly due to inter-symbol or inter-stream interference. 

The described conditions may lead to uncontrolled growth of the pilot powers for some UEs having bad channel conditions up to until they reach the UE TX power limit if no counter measures are taken or, at least, to the pilot power surges during strong channel fades. From the system performance perspective, it leads to higher actual RoT spread and, in average, a lower portion of the total RoT budget assigned to the data transmission, i.e. to lower system performance. In addition, changing the E-TFC grant for a self-interference limited UE may require some delay for pilot adaptation before the required BLER is achieved. That also negatively impacts the performance intensifying transition processes of power control loops and preventing system convergence to the optimal operation point.

The principle of SINR-based scheduling operation, in contrast to the ordinary power-based scheduling, consists in independent setting the transmit power and an E-TFC to be used for transmission (refer to [1] for a more detailed description). Such a modification allows decoupling power control and E-TFC selection procedures by means of handling all transmit powers by the power control algorithm and handling data rates and E-DPDCH BLER by the scheduler independently. This approach is implemented in many wireless communication systems, for example, HSDPA or LTE uplink. The mentioned decoupling provides complete control of the received powers and distribution of the RoT budget between the UEs. The data rate is selected according to the achievable post-receiver SINR but not based on the assumed proportional increase relative to the DPCCH SINR. As a consequence, the SINR-based scheduling leads to more stable system operation and lower RoT variations over the time.

Because the SINR-based scheduling gain mechanisms are related to higher system stability provided by the proposed method, higher gains of the SINR-based scheduling are expected in scenarios with otherwise lower system stability, for example high UE densities and high target values of RoT.

3. Link Level Simulation Results

3.1. Simulation Assumptions

A list of link level simulation assumptions is provided in Table 1.

Table 1. Link level simulation assumptions

	Parameter
	Value


	Transmission modes
	SIMO, CL-BFTD, and MIMO rank 2

	Physical channels
	DPCCH, E-DPCCH, E-DPDCH for SIMO;
DPCCH, S-DPCCH, E-DPCCH, E-DPDCH for CL-BFTD;
DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, S-E-DPDCH for MIMO rank 2

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

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM, 64-QAM

	TBS [bits]
	Variable: 120 – 32832 bits

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

	H-ARQ operating point
	10% BLER after the 1st attempt

	H-ARQ approach
	Chase combining

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max log MAP

	Number of iterations for turbo decoder
	8

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	Ideal

	Inner loop power control
	On

	Outer loop power control
	On for power-based scheduling and off for SINR-based scheduling

	Marginal loop assisting primary stream E-TFC selection
	Off for power-based scheduling and on for SINR-based scheduling

	Marginal loop assisting secondary stream E-TFC selection
	On

	TPC feedback error rate
	No errors, ideal feedback

	TPC feedback delay [slots]
	2

	TPC period [slots]
	1

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

	TPI weight vector feedback delay [slots]
	4

	TPI weight vector feedback error rate
	No errors, ideal feedback

	TPI weight vector update frequency [slots]
	3

	Scheduling (E-TFC selection) approach
	Power-based or SINR-based realistic scheduling

	Scheduler and marginal loop delay [TTI]
	2

	MIMO rank selection
	Fixed rank

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

	Propagation channel
	Ped A, 3 km/h,
Veh A, 3 km/h

	Correlation of channel realizations between different TX and RX antennas
	0


3.2. Simulation Results

Link level simulation results for the power-based and the SINR-based scheduling approaches and their comparison for the Ped A, 3 km/h and Veh A, 3 km/h channel models are provided in Sections 3.2.1 and 3.2.2 respectively.

Throughput versus average actual RX Ec/No for different values of target RX Ec/No is measured for the SIMO, CL-BFTD and MIMO transmission modes and for the considered power-based and SINR-based scheduling approaches. Additionally, the 90% percentile of RX Ec/No is measured in order to analyze system operation stability and track possible surges of RX power caused by inefficient joint scheduler and power control operation.

3.2.1. Ped A, 3 km/h Channel Model
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Figure 1. Throughput as a function of average RX Ec/No for the power-based and SINR-based scheduling approaches (link level simulation) for the SIMO, CL-BFTD and MIMO modes, Ped A, 3 km/h channel model

Table 2. Throughput and average and 90% RX Ec/No for the power-based and SINR-based scheduling approaches (link level simulation) for the SIMO, CL-BFTD and MIMO modes, Ped A, 3 km/h channel model

	
	Mode
	E-TFC Selection Approach
	Target RX Ec/No

	
	
	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	Throughput, kbps
	SIMO
	Power
	2571
	4745
	7695
	11515
	14143

	Average RX Ec/No, dB
	SIMO
	Power
	0.0
	4.3
	9.5
	14.9
	19.5

	RX Ec/No 90%, dB
	SIMO
	Power
	0.6
	5.1
	11.0
	15.7
	20.3

	Throughput, kbps
	SIMO
	SINR
	2898
	5229
	8232
	12146
	14831

	Average RX Ec/No, dB
	SIMO
	SINR
	0.1
	5.0
	10.0
	15.0
	20.0

	RX Ec/No 90%, dB
	SIMO
	SINR
	0.6
	5.5
	10.6
	15.8
	20.6

	Throughput, kbps
	CLTD
	Power
	2818
	5022
	7933
	10989
	13034

	Average RX Ec/No, dB
	CLTD
	Power
	0.0
	4.4
	9.5
	15.1
	20.2

	RX Ec/No 90%, dB
	CLTD
	Power
	0.6
	5.2
	10.7
	16.0
	21.3

	Throughput, kbps
	CLTD
	SINR
	2933
	5312
	8046
	11548
	14107

	Average RX Ec/No, dB
	CLTD
	SINR
	0.0
	5.0
	10.0
	15.0
	20.0

	RX Ec/No 90%, dB
	CLTD
	SINR
	0.4
	5.3
	10.3
	15.4
	20.3

	Throughput, kbps
	MIMO r2
	Power
	2308
	5020
	8285
	12907
	17872

	Average RX Ec/No, dB
	MIMO r2
	Power
	0.0
	4.6
	9.4
	14.9
	20.2

	RX Ec/No 90%, dB
	MIMO r2
	Power
	0.3
	5.7
	10.7
	16.3
	21.3

	Throughput, kbps
	MIMO r2
	SINR
	2691
	5266
	8713
	13056
	18472

	Average RX Ec/No, dB
	MIMO r2
	SINR
	0.1
	5.0
	10.0
	15.0
	20.0

	RX Ec/No 90%, dB
	MIMO r2
	SINR
	0.4
	5.3
	10.4
	15.3
	20.3


3.2.2. Veh A, 3 km/h Channel Model
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Figure 2. Throughput as a function of average RX Ec/No for the power-based and SINR-based scheduling approaches (link level simulation) for the SIMO, CL-BFTD and MIMO modes, Veh A, 3 km/h channel model

Table 3. Throughput and average and 90% RX Ec/No for the power-based and SINR-based scheduling approaches (link level simulation) for the SIMO, CL-BFTD and MIMO modes, Veh A, 3 km/h channel model

	
	Mode
	E-TFC Selection Approach
	Target RX Ec/No

	
	
	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	Throughput, kbps
	SIMO
	Power
	2387
	4478
	7078
	10626
	13594

	Average RX Ec/No, dB
	SIMO
	Power
	0.0
	4.6
	9.4
	15.0
	19.9

	RX Ec/No 90%, dB
	SIMO
	Power
	0.4
	5.4
	10.4
	15.4
	20.4

	Throughput, kbps
	SIMO
	SINR
	2791
	5072
	7575
	11215
	14245

	Average RX Ec/No, dB
	SIMO
	SINR
	0.05
	5.0
	10.0
	15.0
	20.0

	RX Ec/No 90%, dB
	SIMO
	SINR
	0.4
	5.3
	10.3
	15.3
	20.3

	Throughput, kbps
	CLTD
	Power
	2610
	4691
	7135
	9764
	12035

	Average RX Ec/No, dB
	CLTD
	Power
	0.0
	4.9
	9.5
	15.3
	20.4

	RX Ec/No 90%, dB
	CLTD
	Power
	0.7
	5.7
	10.8
	16.4
	21.7

	Throughput, kbps
	CLTD
	SINR
	2731
	4977
	7182
	9869
	12513

	Average RX Ec/No, dB
	CLTD
	SINR
	0.1
	5.0
	10.0
	15.0
	20.0

	RX Ec/No 90%, dB
	CLTD
	SINR
	0.4
	5.3
	10.3
	15.4
	20.3

	Throughput, kbps
	MIMO r2
	Power
	2087
	4600
	7573
	11276
	15502

	Average RX Ec/No, dB
	MIMO r2
	Power
	0.0
	5.1
	9.4
	15.0
	21.6

	RX Ec/No 90%, dB
	MIMO r2
	Power
	0.3
	6.0
	10.5
	16.3
	21.9

	Throughput, kbps
	MIMO r2
	SINR
	2433
	4818
	7744
	11394
	15631

	Average RX Ec/No, dB
	MIMO r2
	SINR
	0.0
	5.0
	10.0
	15.0
	20.0

	RX Ec/No 90%, dB
	MIMO r2
	SINR
	0.3
	5.3
	10.3
	15.3
	20.3


The provided simulation results demonstrate benefits of the SINR-based scheduling relative to the power-based scheduling for all transmission modes for high RX Ec/No (≥ 15 dB) where self-interference (inter-symbol and inter-stream) becomes a limiting factor for the post-receiver SINR.

For the Ped A, 3 km/h channel model, the SINR-based scheduling gains are up to 600 kbit/s (5%) for the SIMO mode, 1 Mbit/s (8%) for the CL-BFTD mode and 600 kbit/s (3%) for the MIMO mode. For the Veh A, 3 km/h channel model, the SINR-based scheduling gains are up to 600 kbit/s (4%) for the SIMO mode, 600 kbit/s (5%) for the CL-BFTD mode and 1 Mbit/s (6%) for the MIMO mode.

An additional improvement of the SINR-based scheduling visible from the link level simulation results is in higher accuracy of the RX Ec/No control as demonstrated by the results in Table 2 and Table 3. Particularly, 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.

4. System Level Simulation Results

4.1. Simulation Assumptions

Lists of system level simulation assumptions for deployment model and assumptions of system operation are provided in Table 4 and Table 5 respectively.

Table 4. Deployment model simulation assumptions

	Parameter
	Value

	Deployment scenario
	3GPP Macrocell

	Cell layout
	Wrap-around hexagonal grid, 

19 sites with 3 sectors per site 

	Inter-site distance [km]
	1.0

	Path loss and shadow fading models
	3GPP

	Node B antenna pattern
	Parabolic

	Node B antenna gain (bore sight) [dBi]
	17

	Node B antenna pattern azimuth width
	70º

	Node B antenna pattern elevation width
	15º

	Node B antenna tilt angle
	8º

	Node B antenna FTB [dB]
	20

	UE antenna pattern
	Omnidirectional

	UE antenna gain [dBi]
	0

	Penetration loss [dB]
	10

	Maximum UE TX power [dBm]
	23

	NodeB noise figure [dB]
	7

	Thermal noise PSD [dBm/Hz]
	-174

	Minimum distance between UT and serving cell [m]
	25

	Carrier frequency [GHz]
	2.0

	Channel model profile
	Ped A, Veh A

	Correlation between the antennas
	0

	User mobility model
	Doppler spectrum

	Users speed [km/h]
	3.0

	User distribution
	Randomly and uniformly distributed over the area

	Interference modeling
	Explicitly modeled interference, given percentage of the strong interferes are modeled with taking into account their temporal and spatial correlation properties, less powerful interferers are modeled by equivalent AWGN noise

	Traffic model
	Full buffer


Table 5. System operation assumptions

	Parameter
	Value

	Transmission modes
	SIMO, CL-BFTD and MIMO rank 2

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM, 64-QAM

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

	Channel estimation
	Ideal

	Pilot SIR estimation
	Ideal

	Node B receiver
	LMMSE with RX diversity

	Number of TX antennas
	1 for SIMO, 2 for CL-BFTD and MIMO

	Number of RX antennas
	2

	Soft handover
	Disabled

	Softer handover
	Disabled

	Inner loop power control
	On

	Outer loop power control
	On for the power-based scheduling, off for the SINR-based scheduling

	ILPC delay [slots]
	2

	ILPC period [slots]
	1

	TPC error rate
	4%

	OLPC delay [TTI]
	4

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

	TPI weight vector feedback delay [slots]
	4

	TPI weight vector feedback error rate
	No errors, ideal feedback

	TPI weight vector update frequency [slots]
	3

	Target BLER
	10% after the 1st transmission attempt

	H-ARQ approach
	Chase combining

	Scheduler
	Round-robin power-based or SINR-based

	User division mode
	Joint TDM/CDM approach for the power-based scheduling and TDM for the SINR-based scheduling

	Scheduler delay [TTI]
	2

	MIMO rank selection
	Fixed rank

	Target RoT [dB]
	6; 15


For simplicity of the initial analysis, the distribution of powers between all physical channels for the SINR-based scheduling case is fixed during the whole simulation. The power distribution between the physical channels is calculated to provide T2TP equal to 10 dB and the E-DPCCH-to-DPCCH power ratio equal to 10 dB (assuming these thresholds to be sufficient for reliable pilot decoding and channel estimation). Within the framework of this approach, the SG parameter is fixed and TX powers are controlled only via the TPC commands generated for each UE as to provide the required target total RoT level.

The TDM approach used for the SINR-based scheduling means that all UEs in the system transmit DPCCH (and S-DPCCH in the cases of CL-BFTD and MIMO) every TTI which is required for system scheduling, but only a single UE per each Node B transmits any other physical channels in the same TTI.

A joint TDM/CDM scheduling approach used for the power-based scheduling means that all UEs transmit at least the minimum E-TFC in each TTI (according to the legacy approach restrictions) but a major portion of the total RoT budget is typically assigned to a single UE per Node B.

It should be also noted that different RoT control algorithms are applied for the power-based and the SINR-based scheduling approaches. For the power-based scheduling approach, a total RoT from all UEs in the system (including inter-cell interference) is controlled by the Node B using the traditional principles. For the SINR-based scheduling approach, the Node B controls only the total RoT (received powers) from the associated UEs (excluding the inter-cell interference) similar to the power control implementation in LTE uplink. 

However, it is not precluded by the SINR-based scheduling principles to alternatively control the overall RoT from both the own-cell and other cells UEs as for the power-based scheduling. 

4.2. Simulation Results

System level simulation results for the power-based and the SINR-based scheduling approaches and their comparison for the Ped A, 3 km/h and Veh A, 3 km/h channel models are provided in Sections 4.2.1 and 4.2.2 respectively.

Average UE throughput versus average sector throughput curves for different UE densities: 0.0175 (meaning that a single UE in the whole system of 57 sectors is present), 0.25, 1, 4 and 10 UEs per sector are provided as well as bar diagrams and tables demonstrating relative throughput gains of the SINR-based scheduling. In order to analyze and compare system operation stability for different scheduling approaches, PDFs of RoT are also included into the set of simulation results.

4.2.1. Ped A, 3 km/h Channel Model
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Figure 3. Average UE throughput versus average sector throughput for different UE densities: 0.0175, 0.25, 1, 4 and 10 UEs per sector for the power-based and SINR-based scheduling approaches, SIMO, CL-BFTD, MIMO modes, RoT of 15 dB and Ped A, 3 km/h channel model
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Figure 4. Relative gains of average UE throughput for the SINR-based scheduling over the power-based scheduling for the SIMO, CL-BFTD, MIMO modes, RoT of 15 dB, Ped A, 3 km/h channel model

Table 6. Average UE throughput for the power-based and SINR-based scheduling approaches and relative throughput gains of the SINR-based scheduling over the power-based scheduling (system level simulation) for the SIMO, CL-BFTD and MIMO modes, RoT of 15 dB, Ped A, 3 km/h channel model

	
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	SIMO
	Average UE throughput, kbps
	Power
	10176
	6440
	2743
	674
	222

	
	
	SINR
	12390
	7832
	3330
	853
	300

	
	Average UE t-put relative gain
	22%
	22%
	21%
	27%
	35%

	CL-BFTD
	Average UE throughput, kbps
	Power
	11249
	7152
	3405
	896
	288

	
	
	SINR
	12942
	8337
	3888
	1034
	357

	
	Average UE t-put relative gain
	15%
	17%
	14%
	15%
	24%

	MIMO rank 2
	Average UE throughput, kbps
	Power
	12953
	7354
	2832
	622
	182

	
	
	SINR
	16270
	8986
	3414
	882
	300

	
	Average UE t-put relative gain
	26%
	22%
	21%
	42%
	65%
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Figure 5. PDF of RoT for the power-based and SINR-based scheduling approaches for the SIMO, CL-BFTD, MIMO modes, 10 UEs per sector, target RoT of 15 dB, Ped A, 3 km/h channel model

Table 7. Mean values and standard deviations (σ) of RoT for the power-based and SINR-based scheduling approaches for the SIMO, CL-BFTD, MIMO modes, 10 UEs per sector, target RoT of 15 dB, Ped A, 3 km/h channel model

	
	SIMO
	CL-BFTD
	MIMO rank 2

	
	Power
	SINR
	Power
	SINR
	Power
	SINR

	RoT mean, dB
	14.0
	13.9
	13.9
	13.6
	14.2
	13.6

	RoT σ, dB
	2.5
	1.9
	2.3
	1.5
	2.5
	1.5
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Figure 6. Average UE throughput versus average sector throughput for different UE densities: 0.0175, 0.25, 1, 4 and 10 UEs per sector for the power-based and SINR-based scheduling approaches, SIMO, CL-BFTD, MIMO modes, RoT of 6 dB and Ped A, 3 km/h channel model
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Figure 7. Relative gains of average UE throughput for the SINR-based scheduling over the power-based scheduling for the SIMO, CL-BFTD, MIMO modes, RoT of 6 dB, Ped A, 3 km/h channel model

Table 8. Average UE throughput for the power-based and SINR-based scheduling approaches and relative throughput gains of the SINR-based scheduling over the power-based scheduling (system level simulation) for the SIMO, CL-BFTD and MIMO modes, RoT of 6 dB, Ped A, 3 km/h channel model

	
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	SIMO
	Average UE throughput, kbps
	Power
	5123
	3547
	1623
	428
	127

	
	
	SINR
	5685
	3794
	1745
	499
	194

	
	Average UE t-put relative gain
	11%
	7%
	8%
	17%
	52%

	CL-BFTD
	Average UE throughput, kbps
	Power
	5337
	3955
	1891
	545
	179

	
	
	SINR
	5820
	4221
	2002
	633
	236

	
	Average UE t-put relative gain
	9%
	7%
	6%
	16%
	32%

	MIMO rank 2
	Average UE throughput, kbps
	Power
	5578
	3757
	1631
	407
	117

	
	
	SINR
	6342
	4075
	1776
	515
	178

	
	Average UE t-put relative gain
	14%
	8%
	9%
	26%
	53%


[image: image8.emf]0 5 10 15

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Total RoT, dB

PDF

PA3 channel, target RoT 6 dB, 10 users per sector

 

 

SIMO, Power-based

CL-BFTD, Power-based

MIMO fixed, Power-based

SIMO, SINR-based

CL-BFTD, SINR-based

MIMO fixed, SINR-based


Figure 8. PDF of RoT for the power-based and SINR-based scheduling approaches for the SIMO, CL-BFTD, MIMO modes, 10 UEs per sector, target RoT of 6 dB, Ped A, 3 km/h channel model

Table 9. Mean values and standard deviations (σ) of RoT for the power-based and SINR-based scheduling approaches for the SIMO, CL-BFTD, MIMO modes, 10 UEs per sector, target RoT of 6 dB, Ped A, 3 km/h channel model

	
	SIMO
	CL-BFTD
	MIMO rank 2

	
	Power
	SINR
	Power
	SINR
	Power
	SINR

	RoT mean, dB
	5.8
	5.8
	5.7
	5.7
	5.6
	5.8

	RoT σ, dB
	1.8
	1.7
	1.5
	1.2
	1.5
	1.3


The provided simulation results demonstrate SINR-based scheduling gains over the power-based scheduling for all transmission modes: SIMO, CL-BFTD and MIMO and for all UE densities. 

For the RoT of 15 dB and low UE densities (0.0175, 0.25 and 1 UE per sector), the throughput gains are up to 20% for the SIMO and MIMO modes and are up to 15% for the CL-BFTD mode. For higher UE densities (10 UE per sector), the SIMO gains reach 35%, the CL-BFTD gains reach 25%, and the MIMO gains reach 65%. Thus, higher gains are observed for higher UE densities due to a more complex interference environment and, consequently, higher potential instability of system procedures in that case.

A comparison of the SINR-based scheduling gains for different transmission modes demonstrates that the CL-BFTD gains are the lowest due to a lower interference level and, hence, generally higher stability of system operation in this mode. On the contrary, the highest gains are observed for the MIMO mode due to higher interference (including inter-stream interference with fast variations in the time domain) and less stability of system operation.

The provided RoT distributions for the SINR-based scheduling have a significantly lower spread of 1.5–1.9 dB in comparison with the power-based scheduling distributions having a spread of 2.3–2.5 dB. These results confirm higher stability of system procedures expected for the SINR-based scheduling.

In should be also noted that the power-based and the SINR-based scheduling approaches provide different mean RoT values due to differences in RoT control algorithms. But from the system operation efficiency perspective, the average level of RoT has much weaker impact on the performance in comparison with the RoT spread.

For the RoT of 6 dB, throughput gains of the SINR-based scheduling are lower than for the RoT of 15 dB and reach 7–9% for low UE densities (0.0175, 0.25 and 1 UE per sector) and are increased up to 50% for the SIMO and MIMO modes and 30% for the CL-BFTD mode for high UE densities (10 UE per sector). Lower SINR-based scheduling gains for lower target RoT values are explained by a weaker impact of the self-interference on the post-receiver SINR in that case. Hence, the power-based scheduling approach operates normally and system is more stable than for higher target RoT.

The provided RoT distributions for the target RoT of 6 dB for the power-based and SINR-based scheduling have closer spreads than for the target RoT of 15 dB but also with lower deviations from the average value provided by the SINR-based scheduling. And the absolute values of RoT spreads for the target RoT of 6 dB are lower than for the target RoT of 15 dB. The described results may be explained by generally higher system stability observed for a lower target RoT.

4.2.2. Veh A, 3 km/h Channel Model
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Figure 9. Average UE throughput versus average sector throughput for different UE densities: 0.0175, 0.25, 1, 4 and 10 UEs per sector for the power-based and SINR-based scheduling approaches, SIMO, CL-BFTD, MIMO modes, RoT of 15 dB and Veh A, 3 km/h channel model
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Figure 10. Relative gains of average UE throughput for the SINR-based scheduling over the power-based scheduling for the SIMO, CL-BFTD, MIMO modes, RoT of 15 dB, Veh A, 3 km/h channel model

Table 10. Average UE throughput for the power-based and SINR-based scheduling approaches and relative throughput gains of the SINR-based scheduling over the power-based scheduling (system level simulation) for the SIMO, CL-BFTD and MIMO modes, RoT of 15 dB, Veh A, 3 km/h channel model

	
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	SIMO
	Average UE throughput, kbps
	Power
	9556
	6142
	2915
	750
	256

	
	
	SINR
	11306
	6816
	3101
	879
	306

	
	Average UE t-put relative gain
	18%
	11%
	6%
	17%
	19%

	CL-BFTD
	Average UE throughput, kbps
	Power
	9188
	6491
	3155
	807
	276

	
	
	SINR
	11670
	7501
	3500
	918
	319

	
	Average UE t-put relative gain
	27%
	16%
	11%
	14%
	15%

	MIMO rank 2
	Average UE throughput, kbps
	Power
	11239
	7271
	2582
	666
	186

	
	
	SINR
	14607
	8370
	3127
	890
	313

	
	Average UE t-put relative gain
	30%
	15%
	21%
	34%
	68%
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Figure 11. PDF of RoT for the power-based and SINR-based scheduling approaches for the SIMO, CL-BFTD, MIMO modes, 10 UEs per sector, target RoT of 15 dB, Veh A, 3 km/h channel model

Table 11. Mean values and standard deviations (σ) of RoT for the power-based and SINR-based scheduling approaches for the SIMO, CL-BFTD, MIMO modes, 10 UEs per sector, target RoT of 15 dB, Veh A, 3 km/h channel model

	
	SIMO
	CL-BFTD
	MIMO rank 2

	
	Power
	SINR
	Power
	SINR
	Power
	SINR

	RoT mean, dB
	14.2
	13.6
	14.2
	13.9
	15.3
	14.2

	RoT σ, dB
	2.5
	1.5
	2.3
	1.3
	3.4
	1.3
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Figure 12. Average UE throughput versus average sector throughput for different UE densities: 0.0175, 0.25, 1, 4 and 10 UEs per sector for the power-based and SINR-based scheduling approaches, SIMO, CL-BFTD, MIMO modes, RoT of 6 dB and Veh A, 3 km/h channel model
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Figure 13. Relative gains of average UE throughput for the SINR-based scheduling over the power-based scheduling for the SIMO, CL-BFTD, MIMO modes, RoT of 6 dB, Veh A, 3 km/h channel model

Table 12. Average UE throughput for the power-based and SINR-based scheduling approaches and relative throughput gains of the SINR-based scheduling over the power-based scheduling (system level simulation) for the SIMO, CL-BFTD and MIMO modes, RoT of 6 dB, Veh A, 3 km/h channel model

	
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	SIMO
	Average UE throughput, kbps
	Power
	4504
	3331
	1650
	473
	160

	
	
	SINR
	5147
	3490
	1802
	564
	208

	
	Average UE t-put relative gain
	14%
	5%
	9%
	19%
	30%

	CL-BFTD
	Average UE throughput, kbps
	Power
	4648
	3426
	1735
	530
	176

	
	
	SINR
	5328
	3805
	1968
	638
	234

	
	Average UE t-put relative gain
	15%
	11%
	13%
	20%
	33%

	MIMO rank 2
	Average UE throughput, kbps
	Power
	5153
	3397
	1652
	438
	127

	
	
	SINR
	5955
	4087
	1911
	558
	190

	
	Average UE t-put relative gain
	16%
	20%
	16%
	28%
	50%
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Figure 14. PDF of RoT for the power-based and SINR-based scheduling approaches for the SIMO, CL-BFTD, MIMO modes, 10 UEs per sector, target RoT of 6 dB, Veh A, 3 km/h channel model

Table 13. Mean values and standard deviations (σ) of RoT for the power-based and SINR-based scheduling approaches for the SIMO, CL-BFTD, MIMO modes, 10 UEs per sector, target RoT of 6 dB, Veh A, 3 km/h channel model

	
	SIMO
	CL-BFTD
	MIMO rank 2

	
	Power
	SINR
	Power
	SINR
	Power
	SINR

	RoT mean, dB
	5.7
	5.9
	5.7
	6.3
	5.6
	6.0

	RoT σ, dB
	1.6
	1.3
	1.4
	1.1
	1.5
	1.1


Simulation results for the Veh A, 3 km/h channel model are qualitatively similar to the results for the Ped A, 3 km/h channel model. The gains of approximately the same level are demonstrated for both channel models. Hence, the same conclusions are applicable.

5. Conclusions

This document has presented link and system level simulation results for the SINR-based scheduling approach being a proposed modification of the existing scheduling principles in order to overcome their limitations for high RX Ec/No and high data rates. The basic idea of the SINR-based scheduling consists in independent setting TX power and data rate (E-TFC) and decoupling power control and rate adaptation.

The provided simulation results demonstrate a higher throughput and a lower RoT and RX Ec/No variations for the SINR-based scheduling in comparison with the traditional power-based scheduling approach due to more stable operation of the system control procedures. The highest gains are observed in scenarios with initially lower stability such as scenarios with high RoT and high UE density and reach 35% for the SIMO mode, 25% for the CL-BFTD mode, 65% for the MIMO mode for target RoT of 15 dB and UE density of 10 UEs per sector. For a lower target RoT value equal to 6 dB, the SINR-based scheduling gains are also essential and reach 30% for the SIMO mode, 30% for the CL-BFTD mode and 50% for the MIMO mode for 10 UEs per sector. The same order of throughput gains is observed for both Ped A, 3 km/h and Veh A, 3 km/h channel models. 

Due to high throughput gains, the proposed E-TFC selection approach can be considered as an effective one and can allow improvement of system stability and performance in a wide range of system configurations.
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