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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).

During RAN1#73 meeting more detailed description of the third control loop approach was presented [6] together with initial LLS results showing performance gain introduced by 2- and 3-loop scheme over a power based scheduling [7]. In [8] contribution two version of the SINR based scheduling provided similar performance over baseline approach with even a slight benefit of the 2-loop case.
2
Simulation Assumptions
The simulation assumptions used for evaluation of the improved rate adaptation schemes are taken in accordance with agreed content of the Tdoc [9]. A detailed description of scheduling and power control assumptions and a summary of all assumptions are provided below.

All system level simulations for the baseline (power-based) scheduling and the 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 in average. The UE re-selections are performed in different sectors asynchronously. OLPC or marginal loops are frozen while a UE is not scheduled.

The power control and scheduling assumptions for the 2-loop and 3-loop approaches are taken in accordance with text proposal [9]. Additional simulation assumptions related to operation of multiple UEs in the system are described below. For the 2-loop scheduling scheme, equal target DPCCH RX powers are set for all associated UEs. The scheduled UE has fixed E-DPCCH and E-DPDCH gain factors during the whole simulation. The gain factors and the target DPCCH RX power are selected to fulfill the target total RoT budget condition and the required DPCCH pre-receiver Ec/No. The mentioned DPCCH Ec/No is selected according to the link level simulation results [10] and equals to -12 dB as a minimal value enough for reliable finger placement, power control measurements and E-DPCCH decoding. According to initial system level simulation results it was found that due to a strong interference from other UEs for the RoT of 15 dB and high UE densities (4 and 10 UEs per sector), the target level of -12 dB is not enough and leads to a lower actual DPCCH SINR in comparison with the link level simulation results. Therefore, in order to guarantee the DPCCH post-receiver SINR required for a normal system operation, the target DPCCH pre-receiver Ec/No of -4 dB is taken for the RoT of 15 dB. ILPC operates for all UEs driven by the target DPCCH RX power levels.

For the 3-loop scheduling scheme, two independent ILPC loops are active for UEs scheduled for the data transmission. The third loop controls the DPCCH post-receiver SINR specified as a constant parameter during the whole simulation. The value of 10 dB is taken also according to link level simulation results [10]. The second loop controls the RX Ec/No budget for the current UEs calculated as a difference between the required total budget and the power consumed by other UEs. Two commands are combined at the UE side and are used for independent variation of the DPCCH TX power and the total RX power. For UEs not scheduled for the data transmission only one ILPC loop driven by the DPCCH SINR is active.

In both 2-loop and 3-loop approaches a separate loop is used to signal the required data rate (E-TFC) for a scheduled UE. The E-TFCs are selected according to the current E-DPDCH post-receiver SINR with a margin driven by the packet reception success at the current Node B. The marginal loop operates similarly to OLPC in the legacy system with the steps of Δ∙BLERtarget and Δ∙(1 – BLERtarget), where Δ is taken equal to 0.1 dB.

The lists of system level simulation assumptions for the deployment model and assumptions of the system operation are provided in Table 2 and Table 3 respectively in Annex A.

3
Simulation Results

In this section System Level Simulation results for performance of the SINR based scheduling including both, 2- and 3-loop approaches, are presented in comparison with the legacy power based scheduling. Results presented below are referring to the Pedestrian A, 3 km/h channel model. Other channel models i.e. Veh A, 3 km/h and Veh A, 30 km/h are included in Annex B.
Ped A, 3 km/h Channel Model
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Figure 1 Average sector throughput plots for baseline, 2- and 3-loop approaches, Ped A, 3 km/h
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Figure 2 Average throughput gains of 2-loop and 3-loop schemes, Ped A, 3 km/h
Table 1. Results summary of the power based, 2- and 3-loop schemes for different UE densities and target RoTs, Ped A, 3 km/h channel
	RoT
	UEs per sector
	 
	0.0175
	0.25
	1
	4
	10

	6 dB
	Average UE throughput, kbps
	Baseline
	5463
	4348
	2289
	629
	205

	
	
	2-loop scheme
	6279
	5020
	2650
	734
	249

	
	
	3-loop scheme
	6279
	5045
	2630
	706
	227

	
	Average UE t-put relative gain
	2-loop scheme
	14.9%
	15.4%
	15.8%
	16.7%
	21.3%

	
	
	3-loop scheme
	14.9%
	16.0%
	14.9%
	12.3%
	10.6%

	15 dB
	Average UE throughput, kbps
	Baseline
	9982
	7855
	3527
	769
	229

	
	
	2-loop scheme
	10473
	8285
	3987
	978
	324

	
	
	3-loop scheme
	10479
	8172
	3939
	923
	291

	
	Average UE t-put relative gain
	2-loop scheme
	4.9%
	5.5%
	13.0%
	27.1%
	41.8%

	
	
	3-loop scheme
	5.0%
	4.0%
	11.7%
	20.0%
	27.3%


Discussion
Based on the figures presented above it can be observed that both SINR based scheduling approaches provide significant performance gains in the matter of average UE throughput. The gains reach 40% in the Ped A, 3 km/h channel. The highest gains are observed in case of high UE density and high RoT and it can be noted that the biggest differences between 2- and 3-loop schemes are observed in that case. The higher gains observed in the case of 2-loop approach can be explained by the better system stability as consequence of semi-static RX power distribution. The root cause of the worse performance in case of the 3-loop scheme is difficult to analyze because of the higher complexity of the system architecture. Additional power control loop might cause worse performance due to instability of the system in the presence of severe and varying interference. It is possible that decreasing the frequency of one of the 3 loops would improve the stability of the algorithm. The described behavior of the results is also valid for other channel models (Annex B). The gains are similar and reach 35% for the Veh A, 3 km/h channel and are lower and reach 15% for the Veh A, 30 km/h channel.
CDFs of RoT
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Figure 3 RoT distributions for 0.0175 users per sector, RoT of 6 dB, Ped A, 3 km/h
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Figure 4 RoT distributions for 0.0175 users per sector, RoT of 15 dB, Ped A, 3 km/h
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Figure 5 RoT distributions for 1 user per sector, RoT of 6 dB, Ped A, 3 km/h
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Figure 6 RoT distributions for 1 user per sector, RoT of 15 dB, Ped A, 3 km/h
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Figure 7 RoT distributions for 10 users per sector, RoT of 6 dB, Ped A, 3 km/h
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Figure 8 RoT distributions for 10 users per sector, RoT of 15 dB, Ped A, 3 km/h
Discussion
As can be seen from the RoT plots above the novel rate adaptation mechanisms provide steeper RoT distributions over the baseline power based scheduling in all the simulated scenarios. Higher RoT variations in case of high UEs density and 15dB RoT target have a direct reflection in UE throughput performance in case of 3-loop approach. The effect described above is present also in other channel model scenarios.
CDFs of DPCCH SINR
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Figure 9. DPCCH SINR distributions for 0.0175 users per sector, RoT of 6 dB, Ped A, 3 km/h
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Figure 10. DPCCH SINR distributions for 0.0175 users per sector, RoT of 15 dB, Ped A, 3 km/h
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Figure 11. DPCCH SINR distributions for 1 user per sector, RoT of 6 dB, Ped A, 3 km/h
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Figure 12. DPCCH SINR distributions for 1 user per sector, RoT of 15 dB, Ped A, 3 km/h
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Figure 13. DPCCH SINR distributions for 10 users per sector, RoT of 6 dB, Ped A, 3 km/h
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Figure 14. DPCCH SINR distributions for 10 users per sector, RoT of 15 dB, Ped A, 3 km/h
Discussion
The provided DPCCH SINR distributions demonstrate that a proper selection of the DPCCH pre-receiver Ec/No within the 2-loop scheme allows reaching the same level of DPCCH SINR as for the 3-loop scheme. For lower UE densities the SINRs are higher due to a lower interference from other UEs but the same pre-receiver Ec/No. From that perspective the 2-loop approach leads to an excess overhead from the DPCCH channel. However, for low UE densities, the additional overhead does not impact the system performance due to a generally low DPCCH power and absence of DPCCH transmissions from non-scheduled UEs.
5
Conclusion
This document presents system level simulation results for the three scheduling approaches i.e. legacy power based (baseline) and two variants of the SINR based, with two control loops as proposed in [2], [3] and [4] and three control loops as proposed in [5]. 
Both the 2-loop and 3-loop schemes demonstrate a significant throughput gains up to 40% relative to the baseline power-based scheduling. The gains are higher for a higher target RoT and a higher UE density. A comparison of throughput gains measured in different channel models demonstrates that the gains are similar for the Ped A, 3 km/h and Veh A, 3 km/h channel models and are lower (up to 15%) for the Veh A, 30 km/h channel model.
Performance of the two SINR-based scheduling approaches was found to be close to each other in terms of both average UE throughput and DPCCH SINR with a small preference towards the 2-loop scheme which provides better UE throughput in some scenarios in a condition of the same DPCCH SINR and requires less system complexity.
Moreover, there are possible solutions of DPCCH SINR control without an additional feedback loop from Node B to UE. For example, the DPCCH pre-receiver Ec/No used as a target for a single ILPC loop in the 2-loop scheme can be dynamically (with some optimal period) adjusted based on the current DPCCH SINR. 
Based on the above considerations we conclude that there is no necessity in introduction of the second ILPC loop.
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Annex A: Simulation Assumptions
Table 2. 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 3. 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 scheduling [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

	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
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Figure 15 Average sector throughput plots for baseline, 2- and 3-loop approaches, Veh A, 3 km/h
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Figure 16 Average throughput gains of 2-loop and 3-loop schemes, Veh A, 3 km/h
Table 4. Results summary of the power based, 2- and 3-loop schemes for different UE densities and target RoTs, Veh A, 3 km/h channel
	RoT
	UEs per sector
	 
	0.0175
	0.25
	1
	4
	10

	6 dB
	Average UE throughput, kbps
	Baseline
	4851
	3942
	2246
	672
	231

	
	
	2-loop scheme
	5755
	4568
	2587
	749
	258

	
	
	3-loop scheme
	5769
	4611
	2522
	738
	251

	
	Average UE t-put relative gain
	2-loop scheme
	18.6%
	15.9%
	15.2%
	11.6%
	11.8%

	
	
	3-loop scheme
	18.9%
	17.0%
	12.3%
	9.9%
	8.5%

	15 dB
	Average UE throughput, kbps
	Baseline
	9646
	7452
	3491
	830
	246

	
	
	2-loop scheme
	10130
	7909
	3913
	997
	336

	
	
	3-loop scheme
	10121
	7908
	3930
	980
	331

	
	Average UE t-put relative gain
	2-loop scheme
	5.0%
	6.1%
	12.1%
	20.1%
	36.4%

	
	
	3-loop scheme
	4.9%
	6.1%
	12.6%
	18.2%
	34.6%


CDFs of RoT
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Figure 17 RoT distributions for 0.0175 users per sector, RoT of 6 dB, Veh A, 3 km/h
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Figure 18 RoT distributions for 0.0175 users per sector, RoT of 15 dB, Veh A, 3 km/h
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Figure 19 RoT distributions for 1 user per sector, RoT of 6 dB, Veh A, 3 km/h
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Figure 20 RoT distributions for 1 user per sector, RoT of 15 dB, Veh A, 3 km/h
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Figure 21 RoT distributions for 10 users per sector, RoT of 6 dB, Veh A, 3 km/h
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Figure 22 RoT distributions for 10 users per sector, RoT of 15 dB, Veh A, 3 km/h

CDFs of DPCCH SINR
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Figure 23. DPCCH SINR distributions for 0.0175 users per sector, RoT of 6 dB, Veh A, 3 km/h
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Figure 24. DPCCH SINR distributions for 0.0175 users per sector, RoT of 15 dB, Veh A, 3 km/h
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Figure 25. DPCCH SINR distributions for 1 user per sector, RoT of 6 dB, Veh A, 3 km/h
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Figure 26. DPCCH SINR distributions for 1 user per sector, RoT of 15 dB, Veh A, 3 km/h
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Figure 27. DPCCH SINR distributions for 10 users per sector, RoT of 6 dB, Veh A, 3 km/h
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Figure 28. DPCCH SINR distributions for 10 users per sector, RoT of 15 dB, Veh A, 3 km/h
Veh A, 30 km/h Channel Model
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Figure 29 Average sector throughput plots for baseline, 2- and 3-loop approaches, Veh A, 30 km/h
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Figure 30 Average throughput gains of 2-loop and 3-loop schemes, Veh A, 30 km/h
Table 5. Results summary of the power based, 2- and 3-loop schemes for different UE densities and target RoTs, Veh A, 30 km/h channel
	RoT
	UEs per sector
	 
	0.0175
	0.25
	1
	4
	10

	6 dB
	Average UE throughput, kbps
	Baseline
	4238
	3421
	1877
	558
	194

	
	
	2-loop scheme
	4131
	3262
	1830
	569
	204

	
	
	3-loop scheme
	4148
	3240
	1839
	567
	200

	
	Average UE t-put relative gain
	2-loop scheme
	-2.5%
	-4.7%
	-2.5%
	2.0%
	5.4%

	
	
	3-loop scheme
	-2.1%
	-5.3%
	-2.0%
	1.7%
	3.3%

	15 dB
	Average UE throughput, kbps
	Baseline
	9215
	6716
	3005
	726
	237

	
	
	2-loop scheme
	9448
	6662
	3037
	776
	271

	
	
	3-loop scheme
	9438
	6706
	3016
	792
	274

	
	Average UE t-put relative gain
	2-loop scheme
	2.5%
	-0.8%
	1.0%
	6.9%
	14.3%

	
	
	3-loop scheme
	2.4%
	-0.1%
	0.4%
	9.0%
	15.4%


CDFs of RoT
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Figure 31 RoT distributions for 0.0175 users per sector, RoT of 6 dB, Veh A, 30 km/h
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Figure 32 RoT distributions for 0.0175 users per sector, RoT of 15 dB, Veh A, 30 km/h
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Figure 33 RoT distributions for 1 user per sector, RoT of 6 dB, Veh A, 30 km/h
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Figure 34 RoT distributions for 1 user per sector, RoT of 15 dB, Veh A, 30 km/h
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Figure 35 RoT distributions for 10 users per sector, RoT of 6 dB, Veh A, 30 km/h
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Figure 36 RoT distributions for 10 users per sector, RoT of 15 dB, Veh A, 30 km/h
CDFs of DPCCH SINR
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Figure 37. DPCCH SINR distributions for 0.0175 users per sector, RoT of 6 dB, Veh A, 30 km/h
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Figure 38. DPCCH SINR distributions for 0.0175 users per sector, RoT of 15 dB, Veh A, 30 km/h
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Figure 39. DPCCH SINR distributions for 1 user per sector, RoT of 6 dB, Veh A, 30 km/h
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Figure 40. DPCCH SINR distributions for 1 user per sector, RoT of 15 dB, Veh A, 30 km/h
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Figure 41. DPCCH SINR distributions for 10 users per sector, RoT of 6 dB, Veh A, 30 km/h
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Figure 42. DPCCH SINR distributions for 10 users per sector, RoT of 15 dB, Veh A, 30 km/h
