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1 Introduction 
A new Rel-12 study item “Study on Further EUL Enhancements” was approved during RAN#58 plenary meeting. Three different schemes for applying rate adaptation were presented, named 2-loop scheme [3], 3-loop scheme [4] and modified 2-loop scheme [5]. A brief overview of the schemes is listed in Table 1.
Table 1: Overview of rate adaptation schemes
	
	Legacy scheme
	 2-loop scheme
	3-loop scheme
	Modified 2-loop scheme

	SIR target
	Out-loop power control (OLPC) changes the SIR target based on the BLER of E-DPDCH.
	Void
	Control the SIR target based on the BER or BLER for control channel, for example, the pilots BER for DPCCH.
	Void

	SIR
	Inner-loop power control (ILPC) compares SIR and SIR target, and generates TPC command every slot.
	Void
	Inner-loop power control (ILPC) compares SIR and SIR target, and generates TPC-1 command every slot.
	Void

	Ec target
	Void
	Assigned by scheduler.
	Assigned by scheduler.
	OLPC changes the EcP target based on the BLER of E-DPDCH.

	Ec
	Void
	Generate TPC command by comparing Ec and Ec target, once every slot.
	Generate TPC-2 command by comparing Ec and Ec target, once every slot.
	Generate TPC command by comparing EcP and EcP target, once every slot.

	E-TFCI scheduling
	Assigned by scheduler.
	Rate adaptation, once every subframe
	Rate adaptation, once every subframe
	Assigned by scheduler.

	Power offset of E-DPDCH
	Coupled with E-TFCI
	Fixed value
	Changed by TPC-1 and TPC-2 [1]
	Coupled with E-TFCI


The 2-loop scheme contains an Ec control loop and an E-TFCI control loop. It decouples the power control and E-TFCI. This will help enhance the HSUPA performance. 
For the 3-loop scheme an additional SIR control loop is introduced. It will keep the DPCCH SIR level more stable. However, since both the Ec control loop and the SIR control loop change the UE’s transmit power, it is more complex and more difficult to set a suitable SIR target. 
For the modified 2-loop approach, the existing ILPC loop is used to track DPCCH (or the total) received power.
In this contribution, we present our simulation results from the different rate adaptation schemes.

2 Simulation assumptions
The link simulation assumptions for uplink rate adaptation are shown in Table 2. 
Table 2: Link level simulation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Physical channels
	DPCCH, E-DPCCH, E-DPDCH 

	ΔT2TP [dB]
	10

	E-DCH TTI [ms]
	2

	Modulation
	QPSK (for RoT 5, 7.5 dB), 
16-QAM (for RoT 10, 15 dB)

	TBS [bits]
	Variable: 120 – 22995 bits

	H-ARQ approach
	Disable

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	NodeB Receiver Type
	RAKE, 2 RX antennas

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Power control measurements
	realistic

	Searcher (finger placement)
	Ideal

	Channel estimation
	realistic

	E-DPCCH decoding
	realistic

	Target RoT [dB]
	5, 7.5, 10, 15

	Propagation channel
	PA3, VA3, VA30

	Correlation of channel realizations between different RX antennas
	0

	ILPC 1 Update Rate [slots]
	1

	ILPC 1 Step Size [dB]
	±1

	ILPC 1 delay [slots]
	2*

	ILPC 2 Update Rate [slots]
	1

	ILPC 2 Step Size [dB]
	±1

	ILPC 2 delay [slots]
	1

	SD Update Rate [TTI]
	1

	SD delay [TTI]
	2

	SD update based on
	SINR difference or BLER

	Feedback error rate on control loops
	optional


3 Simulation Results
3.1
Throughput

The mean throughput results are listed in Figure 1.
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(a) PA3 channel model
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(b) VA3 channel model
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(c) VA30 channel model

Figure 1: The average throughput for different target RoT values
In the legacy scheme and modified 2-loop scheme, E-TFCI is assigned by the scheduler. The HSUPA performance depends on the scheduler. In the 2-loop and 3-loop schemes, E-TFCI is chosen adaptively. The throughput of 2-loop, 3-loop and modified 2-loop schemes is higher than legacy scheme. 
The average UE throughput gain of the 2-loop, 3-loop and modified 2-loop schemes in comparison with the legacy scheme is 24%, 22% and 16%.
3.2
RoT CDF
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(a) PA3 channel model
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(b) VA3 channel model
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(c) VA30 channel model

Figure 2: CDF of ROT for different target RoT values (5, 10, 15 dB)
By decoupling the power control and E-TFCI, the 2-loop and 3-loop scheme both get suitable E-TFCI and make ROT more stable. The stability of modified 2-loop scheme is slightly less than the 2-loop and 3-loop scheme.

3.3
DPCCH SIR
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(a) RoT = 5 dB
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(b) RoT = 10 dB
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(c) RoT = 15 dB
	


Figure 3: DPCCH SIR CDF, PA3 channel model
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(a) RoT = 5 dB
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(b) RoT = 10 dB
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(c) RoT = 15 dB
	


Figure 4: DPCCH SIR CDF, VA3 channel model
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(a) RoT = 5 dB
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(b) RoT = 10 dB
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(c) RoT = 15 dB
	


Figure 5: DPCCH SIR CDF, VA30 channel model
Without the SIR loop, the 2-loop and modified 2-loop scheme does not control SIR and the decline of SIR will lead to demodulation error of the control channel. In the 3-loop scheme, the demodulation error of control channel will result in the rising of SIR. 

The simulation results for RTWP and E-TFCI are presented in Appendix B and Appendix C.
4 Conclusion 
In this contribution we have presented our simulation results of the 2-loop scheme, 3-loop and modified 2-loop scheme for the HSUPA rate adaptation. From the results, we have the following observations.
· The average UE throughput gain of the 2-loop, 3-loop and modified 2-loop schemes in comparison with the legacy scheme is 24%, 22% and 16%.
· In legacy scheme, unstable power control will result in a vibration of E-TFCI, and the changing of E-TFCI further aggravates the instability of power.
· Without SIR loop, the 2-loop scheme could not control the error of DPCCH and E-DPCCH.

· The 3-loop scheme takes account of the stability of receiving power and demodulation of control channel, but it is more complex and needs the support of mobile station.
5 Reference

[1] R1-132612, “Further Details on HSUPA Rate Adaptation”, Ericsson, ST-Ericsson 
[2] 3GPP TS 25.104
[3] R2-130168, “Introduction of SINR-based scheduling for HSUPA”, NSN
[4] R1-132612, “Further Details on HSUPA Rate Adaptation”, Ericsson, ST-Ericsson
[5] R1-133628, “TP for modified 2-loop scheme for FEUL Rate Adaptation”, Huawei, HiSilicon
[6] R1-134755, “Link Level Simulation Results for Improved Rate Adaptation”, NSN
6 Appendix A: Difference of Simulation Assumptions 
The main differences between the simulation assumptions of this contribution and it in R1-134755 are summarized below.
1. In this contribution, DPCCH SIR target control of 3-loop scheme is based on the BER of control channel.
2. Serving grant control loop period of legacy scheme is 40ms.
3. In this contribution, target pre-receiver DPCCH SIR in the power-based scheduling and the modified 2-loop approach are not fixed. 
7 Appendix B: Simulation Results for RTWP 
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(a) PA3 channel model
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(b) VA3 channel model
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(c) VA30 channel model
Figure 4: RTWP results

8 Appendix C: Simulation Results for E-TFCI 
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Figure 5: E-TFCI results, target RoT = 5dB, PA3 channel
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Figure 6: E-TFCI results, target RoT = 5dB, VA3 channel
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Figure 7: E-TFCI results, target RoT = 5dB, VA30 channel
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