3GPP TSG-RAN WG1 Meeting #72bis
R1-131609
Chicago, USA, 15 April – 19 April 2013

Agenda item:
6.6.2
Source:
Nokia Siemens Networks

Title:
Initial simulation results for SINR-based scheduling and TDM in HSUPA

Document for:
Discussion

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 to 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 power control in comparison with the legacy scheduling principles.

This contribution presents initial simulation results for the SINR-based scheduling in HSUPA. The results are obtained for the legacy scheduling and E-TFC selection approach referred hereinafter as to the power-based scheduling, and for the SINR-based scheduling approach. 
This document is update to the contribution submitted for information to RAN1#72 [6].

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 [1]. In that case the dependency of the post-receiver SINR on the TX power becomes saturated and the post-receiver SINR converges to a constant value with the increase of TX power. That leads to a number of negative impacts on system operation (inefficient link adaptation, inability to maintain the require BLER, uncontrolled TX power growth) and, hence, can impact the system performance.
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 the power control and E-TFC selection procedures by means of handling all transmit powers by the power control algorithm (independently of the used E-TFCs) and handling data rates (E-TFCs) and E-DPDCH BLER by the scheduler (independently on the power control procedure). Such approach is implemented in many wireless communication systems, for example, HSDPA or LTE uplink. The mentioned mechanism provides a fully controlled allocation of all the TX and RX powers in the system, allows avoiding significant variations of TX powers and interference level, and leads to higher system stability. In addition, the SINR-based scheduling provides accurate rate adaptation based on the achievable post-receiver SINR that also results in the improved system performance.
3. Simulation Assumptions

The proposed SINR-based scheduling approach is intended for system operation with high SINRs and high data rates which are not achieved with the standard code division multiplexing (CDM) of multiple UEs in the power-based scheduling mode due to strong intra-cell interference. Hence, the time division multiplexing (TDM) approach is assumed to be an inherent part of the SINR-based scheduling to allow for the high data rate transmissions. At the same time, neglecting some limitations of the existing control signaling, the TDM approach can be used with the legacy power-based scheduling as well.
To be able to decompose the contributions to the overall performance gain of the TDM mechanism and the mechanism of independent rate and power control, the following three scheduler types are simulated:

1. CDM power-based (baseline);
2. TDM power-based;
3. TDM SINR-based.
The TDM power-based scheduling is performed with a relatively long UE switching period of 10 TTIs in order to minimize possible impacts of limitations of the existing HSUPA standard (like the control loops converging period).

The TDM SINR-based scheduling is modeled assuming that the DPCCH TX power is controlled for each UE to adjust the DPCCH RX power to a predefined threshold level. Then, a serving grant is selected for each UE as to provide the required total RoT from the associated UEs.
In order to provide a fair comparison of the TDM SINR-based and power-based approach and to measure the gains provided by the improved power control and rate adaptation independently of the TDM gain, the following procedure of overhead alignment is applied. While the power control assumptions are different for different schedulers (the DPCCH TX power is adjusted to provide the required E-DPDCH BLER for the power-based scheduling and the TX power is adjusted to provide the required DPCCH RX power for the SINR-based scheduling), the average relative overheads of pilot transmissions are set equal for the power-based and the SINR-based approaches by setting the power relation between different UL channels (gain factors). The relative overhead is defined as a ratio of the total power transmitted by all UEs associated to the current Node B except for the E-DPCCH and E-DPDCH channels of the scheduled UE to the power of the E-DPCCH and E-DPDCH channels of the scheduled UE. In other words the ratio of the overall pilot channels power to the data channels power is fixed.
The lists of system level simulation assumptions for the deployment model and assumptions of the system operation are provided in Table 1 and Table 2 respectively.

Table 1. 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 2. System operation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM, 64-QAM

	T2TP
	10 dB

	Channel estimation
	Ideal

	Pilot SIR estimation
	Ideal

	Node B receiver
	LMMSE with RX diversity

	Number of TX antennas
	1

	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

	OLPC delay [TTI]
	4

	Target BLER
	10% after the 1st transmission attempt

	H-ARQ approach
	Chase combining

	Scheduler delay [TTI]
	2

	Target RoT [dB]
	6; 15


4. Simulation Results

System level simulation results for the CDM and TDM power-based and the TDM 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 4.1  and 4.2 respectively.

Average UE throughput versus average sector throughput curves for different UE densities: 0.0175 (meaning that only 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 TDM approach over the CDM approach for the power-based scheduling and the SINR-based scheduling over the TDM power-based scheduling.

4.1. Ped A, 3 km/h Channel Model
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Figure 1. Average UE throughput versus average sector throughput for different UE densities: 0.0175, 0.25, 1, 4 and 10 UEs per sector for the CDM and TDM power-based and SINR-based scheduling approaches, RoT of 15 and 6 dB and Ped A, 3 km/h channel model
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Figure 2. Relative gains of average UE throughput for the TDM SINR-based scheduling over the TDM power-based scheduling, RoT of 15 and 6 dB and Ped A, 3 km/h channel model
Table 3. Average UE throughput for the TDM power-based and TDM SINR-based scheduling approaches and relative throughput gains of the TDM SINR-based scheduling over the TDM power-based scheduling, RoT of 15 dB and 6 dB and Ped A, 3 km/h channel model

	RoT
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	15 dB
	Average UE throughput, kbps
	Power
	10305
	6885
	3033
	761
	248

	
	
	SINR
	12371
	8251
	3643
	935
	316

	
	Average UE t-put relative gain
	20%
	20%
	20%
	23%
	27%

	6 dB
	Average UE throughput, kbps
	Power
	5113
	3850
	1983
	549
	178

	
	
	SINR
	5694
	4302
	2198
	654
	226

	
	Average UE t-put relative gain
	11%
	12%
	11%
	19%
	26%
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Figure 3. Relative gains of average UE throughput for the TDM power-based scheduling over the CDM power-based scheduling, RoT of 15 and 6 dB and Ped A, 3 km/h channel model
Table 4. Average UE throughput for the TDM and CDM power-based scheduling and relative throughput gains of the TDM power-based scheduling over the CDM power-based scheduling, RoT of 15 and 6 dB and Ped A, 3 km/h channel model

	RoT
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	15 dB
	Average UE throughput, kbps
	CDM
	10360
	6884
	2823
	583
	131

	
	
	TDM
	10305
	6885
	3033
	761
	248

	
	Average UE t-put relative gain
	0%
	0%
	7%
	30%
	90%

	6 dB
	Average UE throughput, kbps
	CDM
	5105
	3806
	1990
	474
	141

	
	
	TDM
	5113
	3850
	1983
	549
	178

	
	Average UE t-put relative gain
	0%
	0%
	0%
	16%
	27%


The provided simulation results demonstrate SINR-based scheduling gains over the power-based scheduling for both RoT values of 6 dB and 15 dB and for all UE densities. 

For low UE densities (0.0175, 0.25 and 1 UE per sector), the throughput gains of the TDM SINR-based scheduling over the TDM power-based scheduling are up to 10% for the RoT of 6 dB and are up to 20% for the RoT of 15 dB. For higher UE densities (10 UE per sector), the gains for both RoT values of 6 dB and 15 dB reach 25%. Thus, the gains are close between different UE densities and are higher for the RoT of 15 dB than for the RoT of 6 dB. The latter is due to higher possible post-receiver SINRs and stronger impact of the self-interference on the power-based scheduling for 15 dB RoT over the 6 dB case.

A comparison of the gains provided by the TDM power-based scheduling over the CDM power-based scheduling demonstrates that the two approaches operate equivalently for the UE densities of 0.0175 – 0.25 UEs per sector, because of practically no Nodes B having more than one associated UE. For higher UE densities (1 – 10 UEs per sector) the TDM approach provides significant gains over the CDM approach due to a lower level of interference between different UEs (only inter-cell interference is present, but there is no intra-cell interference). Gains are increasing for denser UE concentrations due to a high level of interference for the CDM approach. The TDM gains for high UE densities are significantly greater for the RoT of 15 dB (up to 90%) than for the RoT of 6 dB (up to 25%). That is explained by a smaller impact of the thermal noise with the interference between different UEs becoming a sole limiting factor for the post-receiver SINR in the case of 15 dB RoT.
4.2. Veh A, 3 km/h Channel Model
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Figure 4. Average UE throughput versus average sector throughput for different UE densities: 0.0175, 0.25, 1, 4 and 10 UEs per sector for the CDM and TDM power-based and SINR-based scheduling approaches, RoT of 15 and 6 dB and Veh A, 3 km/h channel model
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Figure 5. Relative gains of average UE throughput for the TDM SINR-based scheduling over the TDM power-based scheduling, RoT of 15 and 6 dB and Veh A, 3 km/h channel model
Table 5. Average UE throughput for the TDM power-based and TDM SINR-based scheduling approaches and relative throughput gains of the TDM SINR-based scheduling over the TDM power-based scheduling, RoT of 15 dB and 6 dB and Veh A, 3 km/h channel model
	RoT
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	15 dB
	Average UE throughput, kbps
	Power
	9520
	6373
	2903
	823
	292

	
	
	SINR
	11335
	7641
	3512
	998
	353

	
	Average UE t-put relative gain
	19%
	20%
	21%
	21%
	21%

	6 dB
	Average UE throughput, kbps
	Power
	4521
	3535
	1947
	607
	220

	
	
	SINR
	5154
	4015
	2205
	698
	255

	
	Average UE t-put relative gain
	14%
	14%
	14%
	15%
	16%
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Figure 6. Relative gains of average UE throughput for the TDM power-based scheduling over the CDM power-based scheduling, RoT of 15 and 6 dB and Veh A, 3 km/h channel model
Table 6. Average UE throughput for the TDM and CDM power-based scheduling and relative throughput gains of the TDM power-based scheduling over the CDM power-based scheduling, RoT of 15 and 6 dB and Veh A, 3 km/h channel model
	RoT
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	15 dB
	Average UE throughput, kbps
	CDM
	9524
	6370
	2850
	592
	141

	
	
	TDM
	9520
	6373
	2903
	823
	292

	
	Average UE t-put relative gain
	0%
	0%
	2%
	39%
	107%

	6 dB
	Average UE throughput, kbps
	CDM
	4519
	3531
	1956
	566
	181

	
	
	TDM
	4521
	3535
	1947
	607
	220

	
	Average UE t-put relative gain
	0%
	0%
	0%
	7%
	22%


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 throughput gains of the TDM SINR-based scheduling over the TDM power-based scheduling are up to 15% for the RoT of 6 dB and are up to 20% for the RoT of 15 dB for all the UE densities. The gains of the TDM power-based scheduling over the CDM power-based scheduling for the UE density of 10 UEs per sector are up to 20% for the RoT of 6 dB and are up to 100% for the RoT of 15 dB. Hence, the same conclusions are applicable for the Veh A, 3 km/h channel model as for the Ped A, 3 km/h channel model.
5. Conclusions

This document has presented system level simulation results for the SINR-based scheduling approach that is a proposed modification to the existing scheduling principles aiming 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, hence, decoupling power control and rate adaptation. The SINR-based scheduling approach assumes using time division multiplexing (TDM) of different UEs to achieve high SNR that is different from code division multiplexing (CDM) typically encountered in the legacy systems. As the TDM is also applicable to the power-based scheduling mode (ignoring some limitations of the existing control signalling), three types of the simulations results have been provided for TDM SINR-based scheduling, TDM power-based scheduling, and CDM power-based scheduling.
The provided simulation results demonstrate significant throughput gains of the TDM SINR-based scheduling over the TDM power-based scheduling due to more stable operation of the system control procedures, more accurate rate adaptation, and more precise RoT control. The gains are approximately the same for all UE densities and reach 20% for the target RoT of 15 dB. For a lower target RoT value of 6 dB, the SINR-based scheduling gains are also essential and reach 15%. The same order of gains is observed for both Ped A, 3 km/h and Veh A, 3 km/h channel models. The TDM gains over CDM for the power-based scheduling are essential for high UE densities and reach 25% for the RoT of 6 dB and 100% for the RoT of 15 dB for the density of 10 UEs per sector. It should be mentioned that the total performance gain of TDM SINR-based scheduling over the CDM power-based scheduling is a sum of the two considered gain mechanisms.

Taking into account the demonstrated simulation results, the proposed SINR-based scheduling approach can be considered as an effective mechanism to allow improvement of system stability and performance in a wide range of system configurations.
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