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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. Decoupling of the received power control and the data rate control (E-TFC selection) is proposed in the SINR-based scheduling approach introduced in [2]-[4]. In that approach the ILPC loop is used to track the required received power level and an additional control loop is introduced to control the margin applied for E-TFC selection so that to guarantee the required BLER.

Contribution [5] supported the power control and data rate decoupling of the SINR-based scheduling approach but, in addition, proposed a third control loop that would continue to track the target 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 [6], [7], [9], and [10] and demonstrate that no gain of the 3-loop approach vs. 2-loop approach is provided.
As an additional further option of the SINR-based scheduling, contributions [11] and [12] propose a scheduling approach relying on the power control and scheduling decoupling that is called the modified 2-loop scheme. The modified 2-loop approach has the most commonality with the existing power-based scheduling. The modifications relative to the 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.
2
Description of Scheduler Options

For the baseline power-based solution, legacy system procedures are used: ILPC and OLPC are operating to control the required E-DPDCH BLER level. Realistic SG calculation is performed based on the available RX Ec/No (or, equivalently, RoT) budget. E-FTCs to be used for the data transmission are selected according to the existing specification. The beta factor set is designed taking into account the requirement for reliable E-DPCCH decoding (minimum DPCCH SIR power).

For the 2-loop and 3-loop SINR-based scheduling schemes the first control loop is used to track the overall received power level providing TPC commands (±1 dB) changing the power level of all physical channel simultaneously. SG is used only once in the beginning of the transmission to specify fixed beta-factors for the duration of the transmission.
The second control loop in both the 2-loop and 3-loop approaches is used to signal the SINR difference (SD) or SINR margin parameter applied in the E-TFC selection process to provide the required E-DPDCH BLER. The application of this loop impacts only E-TFC selection, but does not impact the TX power of the particular UE.
The 3-loop approach assumes independent control of both the total RX Ec/No and the DPCCH RX Ec/No. To achieve this, the third power control loop tracks the DPCCH SIR and also sends independent ±1 dB commands to the transmitter. The target DPCCH SIR level is fixed and is not changed during the operation as it is done for the power-based scheduling with the help of OLPC commands. The commands of the third (DPCCH SIR) control loop are applied to change the DPCCH TX power (according to the command) as well as the relative power of other physical channels to maintain a constant total received power level.
For the modified 2-loop approach, the UE behaviour is exactly the same as for the legacy power-based scheduling and only Node B rate adaptation procedure is modified according to the same principles as in other schemes. The existing ILPC loop is used to track the overall received power budget. SG (via either absolute or relative grant channels) are transmitted every TTI in order to control the data rate. The SG commands are generated at the Node B to track the required E-DPDCH BLER. Hence, the difference between the 2-loop and the modified 2-loop approaches is that the application of SG changes both the data rate (E-TFC) and the E-DPDCH beta-factor (and, thus, the UE TX power level).
Parameters of the evaluated scheduler options for the completed link-level simulations are summarized in Table 1. 
Table 1. Summary of evaluated scheduler options

	Power control and scheduling (E-TFCI selection) scheme
	Serving grant control loop
	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

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

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


3
Simulation Assumptions
A set of simulation assumptions used for evaluation of different scheduling options at the link level is taken in accordance with the agreed set of assumptions in [8]. The results are simulated for realistic channel estimation, power control measurements, finger placement and E-DPCCH decoding in order to more fairly account for the DPCCH reception reliability impact on the system performance as well as the DPCCH overhead.
Additional simulations have been completed to optimize the DPCCH settings for each of the scheduling schemes. The results of these simulations are presented in Appendix A. The parameters being optimized and the results obtained for each of the schemes are as follows:

1. For the power-based scheduling and the modified 2-loop approach, the parameter being optimized is the target pre-receiver DPCCH SIR used for the E-DPDCH gain factors design. According to the simulations the value of -16 dB is taken (see Figure 8 and Figure 11 in Appendix A).
2. For the 2-loop scheme, the DPCCH pre-receiver RX Ec/No is optimized and the selected value is -12 dB (see Figure 9 in Appendix A).
3. For the 3-loop scheme, the DPCCH target post-receiver SIR controlled by the third loop is the optimization parameter. The value of 10 dB is taken (see Figure 10 in Appendix A).
The basic link level simulation parameters are summarized in Table 2.
Table 2. Link level simulation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Physical channels
	DPCCH, E-DPCCH, E-DPDCH

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

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM

	TBS [bits]
	Variable: 120 – 22995 bits

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

	H-ARQ approach
	Incremental redundancy

	Number of H-ARQ processes
	8

	Maximum number of H-ARQ transmissions
	4

	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
	Realistic (E-DPCCH assisted)

	Power control measurements
	Realistic

	Finger placement
	Realistic

	E-DPCCH decoding
	Realistic

	ILPC 1 and 2 step size [dB]
	±1

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

	Target RX Ec/No [dB]
	5; 7.5; 10; 12.5; 15; 17.5; 20

	Propagation channel
	Ped A, 3 km/h,
Veh A, 3 km/h,
Veh A, 30 km/h

	Correlation of channel realizations between different antennas
	0


3
Simulation Results

3.1
Throughput vs. RX Ec/No
3.1.1
Ped A, 3 km/h Channel Model
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Figure 1. Average throughput as a function of the average RX Ec/No for different scheduler options for the Ped A, 3 km/h channel model
3.1.2
Veh A, 3 km/h Channel Model
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Figure 2. Average throughput as a function of the average RX Ec/No for different scheduler options for the Veh A, 3 km/h channel model
3.1.3
Veh A, 30 km/h Channel Model
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Figure 3. Average throughput as a function of the average RX Ec/No for different scheduler options for the Veh A, 30 km/h channel model

3.1.3
Discussion
It can be seen that according to the presented link-level simulation results the modified 2-loop approach provides equivalent and even slightly better performance than other evaluated schemes except for the Veh A, 30 km/h channel where the 2-loop scheme demonstrates a small gain over the modified 2-loop approach. These findings are in a good agreement with the results in [11]. The gains of the SINR-based scheduling options relative to the power-based scheduling are up to 10-13% that is in accordance with previous findings [7].
3.2
RX Ec/No Distributions
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Figure 4. CDFs of RX Ec/No for different target RX Ec/No values and for different scheduler options: power-based scheduling, 2-loop SINR-based scheduling, and 3-loop SINR-based scheduling for the Ped A 3km/h (a), Veh A, 3 km/h (b), and Veh A 30 km/h (c) channel models 
As we can see from the provided link-level results, the RX Ec/No distributions of the 2-loop and 3-loop approaches of the SINR-based scheduling algorithm demonstrate much more accurate RoT control than for the power-based scheme. The modified 2-loop performance in terms of the RoT control accuracy is in between the 2/3-loop SINR-based scheduling and the power-based scheduling. That behavior is considered to be the expected one since the approaches using more direct procedures for the RX power level control provide more stable RoT distributions.
It should be also noted that while a lower RX power stability of the modified 2-loop approach relative to the 2-loop and 3-loop schemes does not impact negatively the performance at the link level, at the system level it may be a reason for an additional system performance loss in for the case of multiple UEs per sector. A possible mechanism for this loss is a stronger variation of the interference level in the system.
3.3
DPCCH SIR Distributions
3.3.1
Ped A, 3 km/h Channel Model
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	(a) RX Ec/No target = 5 dB
	(b) RX Ec/No target = 10 dB
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	(c) RX Ec/No target = 15 dB
	(d) RX Ec/No target = 20 dB


Figure 5. CDFs of DPCCH SINR for different target RX Ec/No values of 5 dB (a), 10 dB (b), 15 dB (c), and 20 dB (d) and different scheduler options: power-based scheduling, 2-loop SINR-based scheduling, and 3-loop SINR-based scheduling for the Ped A 3km/h channel models
3.3.2
Veh A, 3 km/h Channel Model
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	(a) RX Ec/No target = 5 dB
	(b) RX Ec/No target = 10 dB
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	(c) RX Ec/No target = 15 dB
	(d) RX Ec/No target = 20 dB


Figure 6. CDFs of DPCCH SINR for different target RX Ec/No values of 5 dB (a), 10 dB (b), 15 dB (c), and 20 dB (d) and different scheduler options: power-based scheduling, 2-loop SINR-based scheduling, and 3-loop SINR-based scheduling for the Veh A 3km/h channel models
3.3.3
Veh A, 30 km/h Channel Model
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	(a) RX Ec/No target = 5 dB
	(b) RX Ec/No target = 10 dB
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	(c) RX Ec/No target = 15 dB
	(d) RX Ec/No target = 20 dB


Figure 7. CDFs of DPCCH SINR for different target RX Ec/No values of 5 dB (a), 10 dB (b), 15 dB (c), and 20 dB (d) and different scheduler options: power-based scheduling, 2-loop SINR-based scheduling, and 3-loop SINR-based scheduling for the Veh A 30 km/h channel models
3.3.4 Discussion
The modified 2-loop approach provides very close DPCCH SINRs to the power-based scheme due to the same E-DPDCH beta-factor set used in the simulations. 
According to the presented results, it can be seen that despite different principles involved in the DPPCH SINR and power level control, all the scheduling algorithms provide similar distributions of the DPCCH SINR. The average DPCCH SINR level is approximately equal to 10 dB that is sufficient to guarantee reliable Node B synchronization, power estimation and E-DPCCH decoding procedures.
5
Conclusion
This document extended the set of the SINR-based scheduling link-level results of [9] by presenting link-level simulation results for the modified 2-loop SINR-based proposed in [11]. According to the presented results, performance of the modified 2-loop approach was found to be the same or even slightly superior to the performance of the 2-loop SINR-based scheduling scheme. To have additional arguments for future conclusions, an accompanying document [13] extends the previous set of the system-level results [10] with the modified 2-loop approach.
Proposal 1: Consider system-level simulation results for the modified 2-loop scheduling approach of [11] to draw additional conclusions on the modified 2-loop scheduling approach efficiency. 
Proposal 2: It is proposed to use the results and findings from this document in the Technical Report. 
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Appendix A. Simulation Results for Different DPCCH Power Settings
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Figure 8. Average throughput as a function of the average RX Ec/No for different target DPCCH SIRs for the power-based (baseline) scheduling and the Ped A, 3 km/h channel model (a), the Veh A, 3 km/h channel model (b) and the Veh A, 30 km/h channel model (c)
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Figure 9. Average throughput as a function of the average RX Ec/No for different target DPCCH SIRs for the 2-loop scheme and the Ped A, 3 km/h channel model (a), the Veh A, 3 km/h channel model (b) and the Veh A, 30 km/h channel model (c)
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Figure 10. Average throughput as a function of the average RX Ec/No for different target DPCCH SIRs for the 3-loop scheme and the Ped A, 3 km/h channel model (a), the Veh A, 3 km/h channel model (b) and the Veh A, 30 km/h channel model (c)
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Figure 11. Average throughput as a function of the average RX Ec/No for different target DPCCH SIRs for the modified 2-loop scheme and the Ped A, 3 km/h channel model (a), the Veh A, 3 km/h channel model (b) and the Veh A, 30 km/h channel model (c)
According to the presented results, the following optimal values of the DPCCH power parameters in terms of the data throughput are taken for a comparison of different rate adaptation approaches: 
· For the baseline scheduling (see Figure 8) the target DPCCH pre-receiver SIR is taken equal to -16 dB. 
· For the 2-loop scheme (see Figure 9) the DPCCH Ec/No equals to -12 dB. 
· For the 3-loop scheme (see Figure 10) the target DPCCH post-receiver SINR equals to 10 dB. 
· For the modified 2-loop scheme (see Figure 11) the target DPCCH pre-receiver SIR is taken equal to -16 dB similarly to the case of the power-based scheduling.
