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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).

It should be mentioned that for the legacy power-based scheduling the targeted DPCCH SIR level serves as a basis to provide the required data channel SIR when the corresponding power offset is applied. For the SINR-based scheduling, tracking the targeted DPCCH SIR level is not needed for the scheduler operation. However, tracking of the DPCCH power level by the third control loop allows reducing the DPCCH channel overhead relative to the approach with the SINR-based scheduling and a fixed DPCCH power. The DPCCH quality should be sufficient to maintain performance of different control channels (which powers are proportional to the DPCCH power level) and provide the required accuracy of the channel estimate for E-DPCCH decoding.

Contribution [5] suggests performing evaluation of the 2-loop and 3-loop SINR-based scheduling approaches with the initial simulation assumptions proposed in [6]. In response this document provides link-level simulation results for a comparison of different scheduling options such as the legacy power based scheduling, the SINR-based scheduling scheme with two control loops proposed in[2] – [4] and a modified option with three control loops proposed in [5].
2
Description of Scheduler Options

For the baseline power-based solution, legacy system procedures are used: ILPC and OLPC are operating and realistic SG calculation based on the available RX Ec/No (or, equivalently, RoT) budget is performed. 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 SINR-based scheduling 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.
The second control loop in both the 2-loop and 3-loop approaches is used to calculate and signal the SINR difference (SD) parameter applied in the E-TFC selection process.

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 for initial simulations provided in the document is defined by an OLPC-like loop but maintaining the E-DPCCH BLER instead of the E-DPDCH BLER. The E-DPCCH target BLER value is selected equal to 1% and the OLPC-like steps are BLER or (1 – BLER) multiplied by 1 dB. At the transmitter, two ±1 dB commands are treated as follows. The commands of the first (total RX Ec/No) control loop are applied as to change the total TX power of all physical channels. And the commands of the third (DPCCH SIR) control loop are applied as 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 and a fixed T2TP.
Parameters of the evaluated scheduler options are summarized in Table 1.
Table 1. Summary of evaluated scheduler options

	Power control and scheduling (E-TFCI selection) scheme
	Total RX power control loop
	Rate adaptation (SD) control loop
	DPCCH SIR control loop
	Channel to drive OLPC for DPCCH SIR loop
	Scheduling grant calculation

	Baseline
	No
	No
	Yes
	E-DPDCH
	Every 2 ms

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

	3-loop scheme
	Every 0.67 ms
	Every 2 ms
	Yes
	E-DPCCH
	Only initially


3
Simulation Assumptions
A set of simulation assumptions used for evaluation of different scheduling options at the link level is in line with the assumptions proposed in [6]. These assumptions also agree with the ones used for previous evaluation of the SINR-based scheduling technique [4]. 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, 64-QAM

	TBS [bits]
	Variable: 120 – 32832 bits

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	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

	Power control measurements
	Ideal

	Inner loop power control
	On

	Outer loop power control
	On for power-based scheduling and off for SINR-based scheduling

	Marginal loop assisting E-TFC selection
	Off for power-based scheduling and on for SINR-based scheduling

	TPC feedback error rate
	No errors, ideal feedback

	TPC feedback delay [slots]
	2

	TPC period [slots]
	1

	ILPC step size [dB]
	±1

	OLPC delay [TTI]
	4

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

	Scheduler delay [TTI]
	2

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

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

	Correlation of channel realizations between different TX and RX antennas
	0


4
Simulation Results

4.1
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
Table 3. Average throughputs and E-DPCCH and E-DPDCH BLERs for different scheduler options and different target RX Ec/Nos, Ped A, 3 km/h channel model
	PA3
	Target RX Ec/No

	
	5 dB
	10 dB
	15 dB
	20 dB

	Power Based
	Throughput
	4360
	6529
	9024
	10273

	
	E-DPDCH BLER
	0.1
	0.1
	0.1
	0.1

	
	E-DPCCH BLER
	0.000
	0.000
	0.001
	0.010

	SINR-based (2 loops)
	Throughput
	5162
	7319
	9771
	11209

	
	E-DPDCH BLER
	0.1
	0.1
	0.1
	0.1

	
	E-DPCCH BLER
	0.002
	0.002
	0.004
	0.005

	SINR-based (3 loops)
	Throughput
	4868
	6859
	9600
	11101

	
	E-DPDCH BLER
	0.1
	0.1
	0.1
	0.1

	
	E-DPCCH BLER
	0.009
	0.009
	0.010
	0.010
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Figure 2. CDFs of RX Ec/No for different target RX Ec/No values and for different scheduler options, Ped A, 3 km/h channel model
4.2
Veh A, 3 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, 3 km/h channel model
Table 4. Average throughputs and E-DPCCH and E-DPDCH BLERs for different scheduler options and different target RX Ec/Nos, Veh A, 3 km/h channel model
	VA3
	Target RX Ec/No

	
	5 dB
	10 dB
	15 dB
	20 dB

	Power Based
	Throughput
	3958
	6233
	8939
	10536

	
	E-DPDCH BLER
	0.1
	0.1
	0.1
	0.1

	
	E-DPCCH BLER
	0.000
	0.002
	0.003
	0.012

	SINR-based (2 loops)
	Throughput
	4773
	7031
	9481
	11294

	
	E-DPDCH BLER
	0.1
	0.1
	0.1
	0.1

	
	E-DPCCH BLER
	0.007
	0.004
	0.006
	0.006

	SINR-based (3 loops)
	Throughput
	4668
	6665
	9231
	11111

	
	E-DPDCH BLER
	0.1
	0.1
	0.1
	0.1

	
	E-DPCCH BLER
	0.009
	0.009
	0.010
	0.010
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Figure 4. CDFs of RX Ec/No for different target RX Ec/No values and for different scheduler options, Veh A, 3 km/h channel model
4.3
Discussion
It can be seen that according to the provided link-level simulation results (see Figure 1 and Figure 3) the two versions of the SINR-based scheduling provide close performance with even a slight benefit of the 2-loop configuration.

It should be mentioned that the demonstrated gains of the SINR-based scheduling relative to the power-based scheduling (up to 5-10%) are lower than the gains measured at the system level [4] (up to 20%) which is expected, because most of the gains mechanisms are related to the system level operation such as higher system stability, lower variation of interference power, etc. As we can see from the provided link-level results, the RX Ec/No distributions of the two modifications of the SINR-based scheduling algorithm are the same demonstrating much more accurate RoT control than for the power-based scheme. Therefore, the relation between the two SINR-based scheduling approaches measured at the link level is assumed to remain the same also at the system level.

The provided SLS results for the E-DPCCH BLER (Table 3 and Table 4) demonstrate that all the three approaches may provide a reliable E-DPCCH decoding if a sufficient DPCCH power is set (regardless of being fixed or variable during the simulation).

One of gain mechanisms of the SINR-based scheduling claimed in [4] which is higher stability of the RX Ec/No (or RoT) in the time domain is also confirmed by the link level simulation results. As can be seen from Figure 2 and Figure 4, the distributions for the SINR-based scheduling are much steeper than the distributions for the power-based scheduling. Moreover, the distributions for the 2-loop and 3-loop approaches are practically the same, i.e., that gain mechanism should equally work for the 2-loop and 3-loop approaches.

A positive effect of the 3rd control loop operation includes minimizing the overhead of the DPCCH (and the related control channels with the powers proportional to DPCCH). However, this gain mechanism has a weak impact on the performance because of a too low power overhead caused by DPCCH in general, especially for high data rates and that for the presented results additional control channels such as HS-DPCCH are not simulated. In that perspective, setting a higher fixed relative DPCCH power value with some safety margin will lead to approximately the same system performance.

An additional negative effect of the 3-loop configuration consists in additional variations of the DPCCH and other physical channels power and causing additional instability which may lead to degradation of the system operation efficiency. This effect is considered to be the main reason for the decreased throughput values of the 3-loop option in comparison with the 2-loop option. 
5
Conclusion
This documented presented link-level simulation results for the three scheduling approaches: legacy power-based scheduling (as a reference) and two variants of the SINR-based scheduling with two control loops as proposed in [2] – [4] and three control loops as proposed in [5]. The third control loop was implemented as to guarantee the required BLER performance for the E-DPCCH channel.

Performance of the two SINR-based scheduling approaches was found to be close to each other with a small gain of the 2-loop scheme. The 3-loop approach has an advantage of being able to optimally control the fraction of the transmit and receive power budget taken by the DPCCH channel. However, the fraction of the power used by the DPCCH is low for high data rate transmissions where SINR-based scheduling is assumed to be applied. Additional instability caused by changing the physical channels powers due to the third loop operation had the strongest impact on the system performance and led to a small overall negative effect of introducing the third control loop.

Another factor to take into account is that the three loop approach will require additional signalling relative to the two loop scheme to send to the UE DPCCH power control commands (in addition to the general power control commands produced by the first control loop). At the same time, other principles than considered in this paper are possible for operation of the third control loop and it may change the final conclusions.

Proposal: Consider different principles of the third control loop operation and bring more simulation results to decide about the SINR-based scheduling implementation.
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