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1
Introduction
Improved rate adaptation for high data rate UEs is one of the goals within the Further EUL Enhancements study item [1]. The main problem of rate adaptation for high data rate UEs is the loss of proportionality between the transmit power level and the achieved post-receiver SINR that is assumed by the legacy power-based scheduling approach. Decoupling of the received power control and the data rate control (E-TFC selection) is seen as a major approach to improve the rate adaptation.

The SINR-based scheduling proposed in [2] and further elaborated in [3] and [4] introduces such modifications to independently control the total received power and the E-TFC selection process. In that approach the ILPC loop is used to track the required received power level and the second control loop is introduced to control the margin applied for E-TFC selection so that to guarantee the required BLER, or to control a different criterion.

Contribution [5] supports the power control and data rate decoupling of the SINR-based scheduling approach but, in addition, proposes a third control loop that would continue to track the targeted DPCCH SIR by adjusting the DPCCH power level while not impacting the total received power (i.e. redistributing the available received power budget between the DPCCH and other physical channels). The results for evaluation of these two options are provided in [7], [8], [10], and [11] and demonstrate that no gain of the 3-loop approach over 2-loop approach can be achieved.
As an additional further option of the SINR-based scheduling, contributions [12] and [13] propose a scheduling approach relying on the power control and scheduling decoupling that is called the modified 2-loop scheme. For that approach, the modifications relative to the legacy power-based scheduling include changing the ILPC operation to control of the overall RX power (with fixing the DPCCH power level) and signaling the selected E-TFCs by the Node B using the legacy grant channels. The UE behavior is not changed.
Link-level evaluation results for all mentioned scheduling schemes are provided in contribution [14]. The present document includes system-level simulation results for evaluation of different scheduling options as an extension of the study started in [14].
2
Simulation Assumptions
The simulation assumptions used for evaluation of the improved rate adaptation schemes are taken in accordance with the agreed content of the contribution [9]. A summary of system-level simulation assumptions for the deployment model and assumptions of the system operation are provided in Anne A (Table 3 and Table 4 respectively).
All system level simulations for the baseline (power-based) scheduling and the 2-loop, modified 2-loop and 3-loop schemes are performed in assumption of the TDM scheduling. In particular, only a single UE in each sector in the same TTI is selected for the data transmission and transmits the DPCCH, E-DPCCH and E-DPDCH channels. All other UEs transmit only the DPCCH channel every TTI. A UE scheduled for the data transmission is randomly re-selected among all associated UEs once per the scheduling period of 10 TTIs. I.e., all associated UEs occupy equal time-domain and RX power resources on average. The UE re-selections are performed in different sectors asynchronously. The OLPC or marginal loops are frozen while a UE is not scheduled.

A description of the evaluated scheduling schemes is provided in [14]. A short summary of the power control and scheduling operations for different schemes is presented in Table 1.
Table 1. Summary of evaluated scheduler schemes
	Power control and scheduling (E-TFCI selection) scheme
	Serving grant control loop (absolute or relative grants)
	Total RX power control loop
	Rate adaptation (SD) control loop
	DPCCH SIR control loop
	DPCCH SIR target control

	Baseline
	Every 2 ms
	No
	No
	Every 0.67 ms
	OLPC-driven

	2-loop scheme
	Only initially
	Every 0.67 ms
	Every 2 ms
	No
	N/A

	Modified 2-loop scheme
	Every 2 ms
	Every 0.67 ms
	No
	No
	N/A

	3-loop scheme
	Only initially
	Every 0.67 ms
	Every 2 ms
	Every 0.67 ms
	Fixed


For the 2-loop and modified 2-loop schemes, scheduled UEs in the TDM mode have the same (equal) RX power targets. The equal targets are also used for the RX power of non-scheduled UEs (for DPPCH reception). For the 3-loop scheduling scheme, for non-scheduled UEs only one ILPC loop driven by the DPCCH SINR is active (similar to the legacy scheduling scheme) to adjust the DPCCH power level.
The DPCCH power setting for all scheduling schemes is performed to provide (on average) a required DPCCH post-receiver SINR level of ~10 dB (defined according to the link level simulation results in [14]). The SLS parameters impacting the DPCCH power setting are the DPCCH SIR used for E-DPDCH gain factors design for the baseline and modified 2-loop schemes, the DPCCH Ec/No for the 2-loop scheme and the target DPCCH SINR for the 3-loop scheme. The selected values for the mentioned parameters are listed in Table 4 of Annex A. 
3
Simulation Results

In this section, system level simulation results for performance evaluation of all considered scheduling schemes are provided. The results presented below refer to the Ped A, 3 km/h channel model. The results for the Veh A, 3 km/h and Veh A, 30 km/h channel models are included in Annex B since the behaviour and the drawn conclusions are similar.
Average Throughputs and Gains
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Figure 1. Average UE throughput versus average sector throughput for different rate adaptation schemes for 0.0175, 0.25, 1, 4 and 10 UEs per sector, the RoT of 6 dB and 15 dB and the Ped A, 3 km/h channel
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Figure 2. Average UE throughput gains for the 2-loop, modified 2-loop and 3-loop schemes over the baseline, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 3. Average UE throughput gains for the 2-loop, modified 2-loop and 3-loop schemes over the baseline, the RoT of 15 dB, the Ped A, 3 km/h channel
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Figure 4. Average UE throughput gains for the 2-loop scheme over the modified 2-loop scheme, the RoT of 6 dB and 15 dB, the Ped A, 3 km/h channel
Table 2. Average UE throughputs for the baseline, 2-loop, modified 2-loop and 3-loop schemes and throughput gains over the baseline for the RoT of 6 dB and 15 dB, the Ped A, 3 km/h channel
	RoT
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	6 dB
	Average UE t-put, kbps
	Baseline
	5463
	4348
	2289
	629
	205

	
	
	2-loop scheme
	6191
	4910
	2579
	720
	244

	
	
	Mod. 2-loop scheme
	6151
	4814
	2538
	672
	226

	
	
	3-loop scheme
	6191
	4865
	2572
	717
	233

	
	Average UE t-put gain
	2-loop scheme
	13.3%
	12.9%
	12.7%
	14.5%
	19.1%

	
	
	Mod. 2-loop scheme
	12.6%
	10.7%
	10.9%
	6.8%
	9.9%

	
	
	3-loop scheme
	13.3%
	11.9%
	12.4%
	14.1%
	13.6%

	15 dB
	Average UE t-put, kbps
	Baseline
	9982
	7855
	3527
	769
	229

	
	
	2-loop scheme
	10311
	8199
	3946
	963
	321

	
	
	Mod. 2-loop scheme
	10190
	8132
	3566
	826
	287

	
	
	3-loop scheme
	10314
	8141
	3933
	947
	300

	
	Average UE t-put gain
	2-loop scheme
	3.3%
	4.4%
	11.9%
	25.3%
	40.4%

	
	
	Mod. 2-loop scheme
	2.1%
	3.5%
	1.1%
	7.4%
	25.6%

	
	
	3-loop scheme
	3.3%
	3.6%
	11.5%
	23.2%
	31.5%


Discussion
The provided simulation results demonstrate that the 2-loop and 3-loop approaches have very close performance with a marginal benefit of the 2-loop scheme. Both schemes provide the significant gain over the legacy power-based scheduling (baseline) of about 20-40% in terms of the average UE throughput. The gains are higher for higher UE densities and for higher target RoT values.
The modified 2-loop approach performs similarly to the 2-loop approach (Figure 4) for low UE densities (0.25 UEs per sector and below) which is additionally confirmed by the link level simulation results [14]. However, for higher UE densities (1-10 UEs per sector) the performance of the modified 2-loop scheme is situated between the performance for the power-based scheduling and the 2-loop scheme. The gains of the modified 2-loop approach over the baseline are up to 10-25% which is lower than for other proposed rate adaptation schemes. The gains of the 2-loop approach over the modified 2-loop approach for high UE densities (1-10 UEs per sector) reach 8% for the RoT of 6 dB and 16% for the RoT of 15 dB.
The main reason for a lower performance of the modified 2-loop approach in comparison with the 2-loop and 3-loop schemes consists in non-complete decoupling of the power-control and rate adaptation procedures. The remaining interaction of those two mechanisms is in a variation of the E-DPDCH beta-factors together with variations of the data rate (E-TFC) according to the legacy UE procedure. This leads to stronger variations of TX and RX powers in the system (lower stability) as well as to the necessity of readjustment of the power via ILPC after each E-TFC change which limits the power control and rate adaptation accuracy.
The described behavior of the results is also identical for the Veh A, 3 and Veh A, 30 km/h channel models (Annex B). 
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Figure 5. CDF of RoT for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 6. CDF of RoT for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
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Figure 7. CDF of RoT for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 8. CDF of RoT for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
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Figure 9. CDF of RoT for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 10. CDF of RoT for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
Discussion
The provided RoT distributions demonstrate that all the proposed schemes of improved rate adaptation have steeper CDFs (higher level of RoT stability) in comparison with the power-based scheduling (baseline). The 2-loop approach has the most straight and robust mechanism of the RoT control that is confirmed by the most accurate performance observed from the presented graphs. The curves for the modified 2-loop approach and the 3-loop approach are less steep because of additional procedures involved into the power control when compared to the 2-loop approach. For the modified 2-loop approach a stronger power spread (relative to the 3-loop) is caused by additional TX power variations occurring at E-TFC change. For the 3-loop approach, stronger power variations are caused by interaction of two ILPC loops.
CDFs of DPCCH SINR
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Figure 11. CDF of DPCCH SINR for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 12. CDF of DPCCH SINR for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
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Figure 13. CDF of DPCCH SINR for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 14. CDF of DPCCH SINR for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
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Figure 15. CDF of DPCCH SINR for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 16. CDF of DPCCH SINR for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
Discussion
A proper selection of the DPCCH RX Ec/No should be done for the 2-loop and modified 2-loop schemes to reach the required level of DPCCH SINR, while for other approaches (3-loop and power-based) that DPCCH SINR is controlled directly. However, the DPCCH SINR distributions demonstrate that the required SINR level of 10 dB [14] is achieved on average for all evaluated scheduling schemes.
5
Conclusion
This document provides system-level simulation results for evaluation of improved rate adaptation options: the 2-loop, modified 2-loop and 3-loop schemes in comparison with the legacy power-based scheduling. The results demonstrate gains of all the introduced schemes over the legacy power-based scheduling. The average UE throughput gain values reach 10-15% for the RoT of 6 dB and 5% for the RoT of 15 dB.
The 2-loop approach demonstrates the maximum performance. For high UE densities, the gains reach up to 10-20% for the RoT of 6 dB and 25-40% for the RoT of 15 dB. The 3-loop scheme demonstrates very close though still inferior throughput performance than for the 2-loop scheme. The throughput gains for the modified 2-loop scheme are essentially lower (and decrease with the UE density growth) due to a less stable TX and RX power distribution in the system and reach only 10-25%.
Proposal: It is proposed to use the results and findings from this document in the Technical Report. 

References

[1] RP-122019, “Study on Further EUL Enhancements”, Ericsson, ST-Ericsson, Vodafone, Nokia Siemens Networks, Huawei, HiSilicon, China Unicom, Research in Motion, Qualcomm.
[2] R1-130674, “Initial simulation results for SINR-based scheduling in HSUPA”, Nokia Siemens Networks, RAN1#72.
[3] R1-131608 “Introduction of SINR-based scheduling for HSUPA”, Nokia Siemens Networks, RAN1#72bis.
[4] R1-131609, “Initial simulation results for SINR-based scheduling and TDM in HSUPA”, Nokia Siemens Networks, RAN1#72bis.
[5] R1-131558, “Further Considerations for HSUPA Rate Adaptation”, Ericsson, ST-Ericsson, RAN1#72bis.
[6] R1-132612, “Further Details on HSUPA Rate Adaptation”, Ericsson, RAN#73.
[7] R1-132613, “Initial Link Simulation Results for HSUPA Rate Adaptation, Ericsson, RAN#73.
[8] R1-132520, “LLS Results for Improved Rate Adaptation”, NSN, RAN#73.
[9] R1-132715, “Simulation assumptions for Rate Adaptation performance evaluation for Further EUL Enhancements”, Ericsson, RAN#73.
[10] R1-133745, “Link Level Simulation Results for Improved Rate Adaptation”, NSN, RAN1#74.

[11] R1-133778, “System Level Simulation Results for Improved Rate Adaptation”, NSN, RAN1#74.

[12] R1-133627, “Evaluation on Solutions for FEUL Rate Adaptation”, Huawei, HiSilicon, RAN1#74.

[13] R1-133628, “TP for modified 2-loop scheme for FEUL Rate Adaptation”, Huawei, HiSilicon, RAN1#74.

[14] R1-134755, “Link Level Simulation Results for Improved Rate Adaptation”, NSN, RAN1#74bis.
Annex A: Simulation Assumptions
Table 3. 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 [m]
	500

	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
	10º

	Node B antenna tilt angle
	10º

	Node B antenna FTB [dB]
	25

	UE antenna pattern
	Omnidirectional

	UE antenna gain [dBi]
	0

	Penetration loss [dB]
	10

	Maximum UE TX power [dBm]
	23

	NodeB noise figure [dB]
	3

	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, 30.0

	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 4. 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

	T2TP [dB]
	10

	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
	Enabled

	ILPC 1 and 2 delay [slots]
	2

	ILPC 1 and 2 period [slots]
	1

	ILPC 1 and 2 step size [dB]
	±1

	OLPC delay [TTI]
	8

	Target BLER
	10% after the 1st transmission attempt

	H-ARQ approach
	Chase combining

	Target RoT [dB]
	6; 15

	Target DPCCH pre-receiver SIR
(for E-DPDCH gain factors design) for the baseline and modified 2-loop schemes [dB]
	-16

	Target DPCCH pre-receiver Ec/No
for the 2-loop scheme [dB]
	-12 for the RoT of 6 dB,
-4 for the RoT of 15 dB for PA3 channel; 
-13 for the RoT of 6 dB,
-4.7 for the RoT of 15 dB for VA3 and VA30 channels

	Target DPCCH post-receiver SINR
for the 3-loop scheme [dB]
	10

	Scheduler
	TDM Round-robin

	Scheduling period [TTI]
	10


Annex B: Simulation Results
Veh A, 3 km/h Channel Model

Average Throughputs and Gains
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Figure 17. Average UE throughput versus average sector throughput for different rate adaptation schemes for 0.0175, 0.25, 1, 4 and 10 UEs per sector, the RoT of 6 dB and 15 dB and the Veh A, 3 km/h channel
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Figure 18. Average UE throughput gains for the 2-loop, modified 2-loop and 3-loop schemes over the baseline, the RoT of 6 dB, the Veh A, 3 km/h channel
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Figure 19. Average UE throughput gains for the 2-loop, modified 2-loop and 3-loop schemes over the baseline, the RoT of 15 dB, the Veh A, 3 km/h channel
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Figure 20. Average UE throughput gains for the 2-loop scheme over the modified 2-loop scheme, the RoT of 6 dB and 15 dB, the Veh A, 3 km/h channel
Table 5. Average UE throughputs for the baseline, 2-loop, modified 2-loop and 3-loop schemes and throughput gains over the baseline for the RoT of 6 dB and 15 dB, the Veh A, 3 km/h channel
	RoT
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	6 dB
	Average UE t-put, kbps
	Baseline
	4851
	3942
	2246
	672
	231

	
	
	2-loop scheme
	5545
	4376
	2459
	739
	260

	
	
	Mod. 2-loop scheme
	5571
	4402
	2437
	702
	251

	
	
	3-loop scheme
	5545
	4418
	2472
	727
	255

	
	Average UE t-put gain
	2-loop scheme
	14.3%
	11.0%
	9.5%
	10.0%
	12.4%

	
	
	Mod. 2-loop scheme
	14.8%
	11.7%
	8.5%
	4.6%
	8.8%

	
	
	3-loop scheme
	14.3%
	12.1%
	10.1%
	8.2%
	10.3%

	15 dB
	Average UE t-put, kbps
	Baseline
	9646
	7452
	3491
	830
	246

	
	
	2-loop scheme
	10058
	7852
	3870
	985
	335

	
	
	Mod. 2-loop scheme
	10022
	7720
	3589
	890
	320

	
	
	3-loop scheme
	10058
	7740
	3889
	998
	332

	
	Average UE t-put gain
	2-loop scheme
	4.3%
	5.4%
	10.9%
	18.7%
	36.3%

	
	
	Mod. 2-loop scheme
	3.9%
	3.6%
	2.8%
	7.3%
	29.9%

	
	
	3-loop scheme
	4.3%
	3.9%
	11.4%
	20.3%
	34.9%


CDFs of RoT
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Figure 21. CDF of RoT for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 3 km/h channel
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Figure 22. CDF of RoT for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 3 km/h channel
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Figure 23. CDF of RoT for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 3 km/h channel
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Figure 24. CDF of RoT for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 3 km/h channel
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Figure 25. CDF of RoT for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 3 km/h channel
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Figure 26. CDF of RoT for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 3 km/h channel
CDFs of DPCCH SINR
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Figure 27. CDF of DPCCH SINR for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 3 km/h channel
[image: image28.emf]0 5 10 15 20 25 30 35 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DPCCH SINR, dB

CDF

Veh A, 3 km/h channel model; RoT of 15 dB; 0.0175 users per sector

 

 

Baseline

2-loop scheme

Mod. 2-loop scheme

3-loop scheme


Figure 28. CDF of DPCCH SINR for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 3 km/h channel
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Figure 29. CDF of DPCCH SINR for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 3 km/h channel
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Figure 30. CDF of DPCCH SINR for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 3 km/h channel
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Figure 31. CDF of DPCCH SINR for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 3 km/h channel
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Figure 32. CDF of DPCCH SINR for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 3 km/h channel
Veh A, 30 km/h Channel Model
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Figure 33. Average UE throughput versus average sector throughput for different rate adaptation schemes for 0.0175, 0.25, 1, 4 and 10 UEs per sector, the RoT of 6 dB and 15 dB and the Veh A, 30 km/h channel
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Figure 34. Average UE throughput gains for the 2-loop, modified 2-loop and 3-loop schemes over the baseline, the RoT of 6 dB, the Veh A, 30 km/h channel
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Figure 35. Average UE throughput gains for the 2-loop, modified 2-loop and 3-loop schemes over the baseline, the RoT of 15 dB, the Veh A, 30 km/h channel
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Figure 36. Average UE throughput gains for the 2-loop scheme over the modified 2-loop scheme, the RoT of 6 dB and 15 dB, the Veh A, 30 km/h channel
Table 6. Average UE throughputs for the baseline, 2-loop, modified 2-loop and 3-loop schemes and throughput gains over the baseline for the RoT of 6 dB and 15 dB, the Veh A, 30 km/h channel
	RoT
	UEs per sector
	
	0.0175
	0.25
	1
	4
	10

	6 dB
	Average UE t-put, kbps
	Baseline
	4238
	3427
	1892
	570
	195

	
	
	2-loop scheme
	4641
	3636
	2044
	616
	218

	
	
	Mod. 2-loop scheme
	4662
	3664
	1998
	590
	206

	
	
	3-loop scheme
	4625
	3677
	2064
	625
	221

	
	Average UE t-put gain
	2-loop scheme
	9.5%
	6.1%
	8.0%
	8.1%
	11.8%

	
	
	Mod. 2-loop scheme
	10.0%
	6.9%
	5.6%
	3.6%
	5.5%

	
	
	3-loop scheme
	9.1%
	7.3%
	9.1%
	9.7%
	13.4%

	15 dB
	Average UE t-put, kbps
	Baseline
	9215
	6718
	2963
	726
	237

	
	
	2-loop scheme
	9632
	7013
	3232
	844
	295

	
	
	Mod. 2-loop scheme
	9648
	6913
	3029
	790
	263

	
	
	3-loop scheme
	9621
	7023
	3238
	851
	296

	
	Average UE t-put gain
	2-loop scheme
	4.5%
	4.4%
	9.1%
	16.2%
	24.4%

	
	
	Mod. 2-loop scheme
	4.7%
	2.9%
	2.2%
	8.8%
	10.9%

	
	
	3-loop scheme
	4.4%
	4.5%
	9.3%
	17.2%
	24.8%


CDFs of RoT
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Figure 37. CDF of RoT for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 30 km/h channel
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Figure 38. CDF of RoT for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 30 km/h channel
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Figure 39. CDF of RoT for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 30 km/h channel
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Figure 40. CDF of RoT for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 30 km/h channel
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Figure 41. CDF of RoT for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 30 km/h channel
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Figure 42. CDF of RoT for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 30 km/h channel
CDFs of DPCCH SINR
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Figure 43. CDF of DPCCH SINR for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 30 km/h channel
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Figure 44. CDF of DPCCH SINR for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 30 km/h channel
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Figure 45. CDF of DPCCH SINR for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 30 km/h channel
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Figure 46. CDF of DPCCH SINR for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 30 km/h channel
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Figure 47. CDF of DPCCH SINR for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Veh A, 30 km/h channel
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Figure 48. CDF of DPCCH SINR for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Veh A, 30 km/h channel
