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B.2.2
System simulation results for Rate adaptation
B.2.2.1
Simulation set 1

B.2.2.1.1
Additional assumptions
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 short summary of the power control and scheduling operations for different schemes is presented in B.2.2-1.

Table B.2.2-1. 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 when 20 dB RoT target is used. 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 A.2.2-2 of Annex A. 

B.2.2.1.2
Average Throughputs and Gains
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Figure B.2.2-1. 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 B.2.2-2. 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 B.2.2-3. 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 B.2.2-4. 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 B.2.2-2. 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%


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 [2]. 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). 
B.2.2.1.3
CDFs of RoT
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Figure B.2.2-5. 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 B.2.2-6. 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 B.2.2-7. 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 B.2.2-8. 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 B.2.2-9. 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 B.2.2-10. 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
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. It was also observed that for high UE densities slightly higher RoT was observed for the 2-loop solution than other rate adaptation schemes. The higher RoT overshoot of the modified 2-loop compared to 2-loop may be explained by the rate adaptatation frequency of 1 TTI; every time the OLPC sees BLER target deviate from the target a new grant is issued leading to a transient in experienced RoT, until ILPC converges back to the RoT target. If the modified 2-loop is operated differently is may be possible that the overshoot is mitigated.
B.2.2.1.4
CDFs of DPCCH SINR
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Figure B.2.2-11. 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 B.2.2-12. 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 B.2.2-13. 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 B.2.2-14. 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 B.2.2-15. 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 B.2.2-16. 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
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 minimum average level of 10 dB is in most cases achieved on for all evaluated scheduling schemes. For higher UE densities (e.g. 10 users per sector) the 3-loop scheme is observed to provide a more stable control of the DPCCH SIR compared to other schemes.
B.2.2.2
Simulation set 2

B.2.2.2.1 Target ROT of 6dB 
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Figure 2: The comparison of the average throughputs for 2, 4 and 10 users per sector

Table 1: The average UE throughputs and relative gains for 2, 4 and 10 user per sector

	UEs per sector
	2
	4
	10

	Average UE throughput (kbps)
	Ecp/Nt
	1171.2
	553.04
	202.12

	
	Ecp/N0
	1194.2
	585.6
	217.2

	
	SINR-based
	1197.8
	587.0
	214.5

	Average UE throughput relative gain(%) 
	Ecp/N0
	1.96%
	5.88%
	7.45%

	
	SINR-based
	2.27%
	6.13%
	6.13%
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Figure 3: The relative throughput gains for 2, 4 and 10 user per sector

[image: image19.emf]4 4.5 5 5.5 6 6.5 7 7.5 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Effective ROT(dB)

CDF

2 user/sector in 57 sectors with ROT of 6dB for PA3 channel

 

 

ILPC with Ecp/N0, mean=5.6136

ILPC with Ecp/Nt, mean=5.5777

2-loop SINR-based, mean=5.8341


Figure 4: The comparison of the ROT distribution for 2 users per sector
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Figure 5: The comparison of the ROT distribution for 4 users per sector
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Figure 6: The comparison of the ROT distribution for 10 users per sector

B.2.2.2.2 Target ROT of 15dB
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Figure 7: The comparison of the average throughputs for 2, 4 and 10 users per sector
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Figure 8: The relative throughput gains for 2, 4 and 10 user per sector

Table 2: The average UE throughputs and relative gains for 2, 4 and 10 user per sector

	UEs per sector
	2
	4
	10

	Average UE throughput (kbps)
	Ecp/Nt
	3084.1
	1524.1
	536.04

	
	Ecp/N0
	3718.8
	1897.1
	744.9

	
	SINR-based
	3715.1
	1909.3
	743.7

	Average UE throughput relative gain(%) 
	Ecp/N0
	20.6%
	24.5%
	38.9%

	
	SINR-based
	20.5%
	25.3%
	38.7%
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Figure 9: The comparison of the ROT distribution for 2 users per sector
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Figure 10: The comparison of the ROT distribution for 4 users per sector
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Figure 11: The comparison of the ROT distribution for 10 users per sector
B.2.2.3
Simulation set 3

B.2.2.3.1 Throughput gains
Table 3 summarises the average UE throughputs and throughput gains for baseline, 2-loop scheme and modified 2-loop scheme with ROT of 6dB and 15dB. The results show that SINR-based scheduling (including both 2-loop and modified 2-loop schemes) has gain over legacy scheduling, and the gain is from 6% to about 48% due to different conditions. Moreover, the gain for modified 2-loop scheme is similar gain with 2-loop scheme in almost all scenarios.
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Figure 1. Average UE throughput gains for the 2-loop and modified 2-loop over the baseline, PA3 channel, RoT= 6 dB 
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Figure 2. Average UE throughput gains for the 2-loop and modified 2-loop over the baseline, PA3 channel, RoT= 15 dB 
Table 3. Average UE throughput gains for the baseline, 2-loop and modified 2-loop with RoT of 6 dB and 15 dB

	RoT
	UEs per sector
	0.0175
	0.25
	1
	4
	10

	6 dB
	Average UE throughput, [kbps]
	Baseline
	4823
	4202
	2461
	426
	145

	
	
	2-loop scheme
	5614
	4745
	2864
	565
	215

	
	
	Modified 2-loop scheme
	5801
	5000
	2918
	563
	208

	
	Average UE throughput gain
[%]
	2-loop scheme
	16.4
	12.9
	16.4
	32.8
	48.2

	
	
	Modified 2-loop scheme
	20.3
	18.9
	18.6
	32.2
	43.3

	15 dB
	Average UE throughput, [kbps]
	Baseline
	9511
	8188
	3739
	589
	233

	
	
	2-loop scheme
	10253
	8622
	4408
	744
	  298

	
	
	Modified 2-loop scheme
	10292
	8696
	4311
	723
	290

	
	Average UE throughput gain
[%]
	2-loop scheme
	7.8
	5.3
	17.9
	26.2
	27.9

	
	
	Modified 2-loop scheme
	8.2
	6.2
	15.3
	22.7
	24.3


B.2.2.3.2 CDFs of ROT
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Figure 3 the CDF of RoT for 0.0175 users per sector, PA3 channel, RoT = 6 dB
[image: image30.png]baseline
2-loop scheme
mod.2-loop scheme





Figure 4 the CDF of RoT for 0.25 users per sector, PA3 channel, RoT = 6 dB 
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Figure 5 the CDF of RoT for 1 users per sector, PA3 channel, RoT = 6 dB
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Figure 6 the CDF of RoT for 4 users per sector, PA3 channel, RoT = 6 dB
[image: image33.png]baseline
2-loop scheme
mod.2-loop scheme





Figure 7 the CDF of RoT for 10 users per sector, PA3 channel, RoT = 6 dB
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Figure 8 the CDF of RoT for 0.0175 users per sector, PA3 channel, RoT = 15 dB
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Figure 9 the CDF of RoT for 0.25 users per sector, PA3 channel, RoT = 15 dB
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Figure 10 the CDF of RoT for 1 users per sector, PA3 channel, RoT = 15 dB
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Figure 11 the CDF of RoT for 4 users per sector, PA3 channel, RoT = 15 dB
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Figure 12 the CDF of RoT for 10 users per sector, PA3 channel, RoT = 15 dB
The provided RoT distributions also demonstrate that both 2-loop and modified 2-loop schemes have gain to the baseline. All CDFs show that SINR-based scheduling have steeper curve than legacy scheduling since SINR-based scheduling has better controlling of ROT.
[---------------------------------------------------------------- TEXT END-----------------------------------------------------------]
