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1 Introduction

A new Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during RAN#58 plenary meeting. The study item includes investigation and evaluation of various improvements which can further enhance the uplink HSPA performance.

In RAN1#72bis meeting, two different schemes for applying rate adaptation were presented and other options for rate adaptation were discussed [2] [3]. Simulation assumptions were proposed for further evaluating rate adaptation schemes [4]. It was agreed to consider the assumptions provided in [4] as a basis for further evaluation, with the exception that the evaluation initially should focus on QPSK/16QAM only.
In [5], further details are presented on the rate adaptation scheme proposed in [2], a scheme for achieving rate adaptation with constant received power, BLER control and DPCCH SINR control. In this paper we present initial link simulations results for the rate adaptation schemes in [2] and [3]. Link and system level simulation assumptions are proposed to be agreed.
2 Simulation results

The simulation parameters used for evaluating rate adaptation schemes are given in Table 1 (Appendix A). Table 2 gives an overview of the difference between baseline and the rate adaptation schemes presented in [2] and [3]. As shown in Figure 1 the performance of the 3-loop and 2-loop rate adaptation schemes are better than the baseline scheme. One additional benefit with the 3-loop scheme is that the DPCCH SIR levels are kept more stable. This is illustrated in the Figures 2, 3 and 4, where the measured DPCCH SIRs for the 20dB target RoT simulations in Figure 1 are plotted. In Figure 3 it is shown that the 3-loop rate adaptation scheme keep a constant DPCCH SIR while the 2-loop scheme, Figure 4, and baseline scheme, Figure 2, show fluctuations. Both rate adaptation schemes are able to operate at controlled RoT levels while the baseline scheme as shown in Figure 2 causes fluctuating RoT in the system. The variation of target DPCCH SIR in Figure 3 is due to a limitation is set on maximum 
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’s. The limitation is introduced for avoiding instability on searcher and channel estimation, which may lead to underutilization of the RoT budget. The DPCCH SIR target is therefore adjusted when the maximum 
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’s are reached.
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Figure 1. Rate adaptation simulation results comparing the 2-loop and 3-loop scheme with a baseline setup. PedA 3km/h channel was used. Results are shown for both realistic and ideal channel estimation.
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Figure 2. Baseline scheme statistics for a target RoT of 20 dB and PedA 3km/h channel.
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Figure 3. 3-loop rate adaptation scheme statistics for a target RoT of 20 dB and PedA 3km/h channel.
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Figure 4. 2-loop rate adaptation scheme statistics for a target RoT of 20 dB and PedA 3km/h channel.
3 Conclusion

In this paper, initial link simulation results are presented and simulations assumptions for evaluating rate adaptation schemes are proposed in Appendix A.
Proposal 1
The initial simulation assumptions in Appendix A are adopted for Rate Adaptation performance evaluation in Further EUL Enhancements. 
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5 Appendix A
5.1 Link Simulation assumptions

Table 1. Link level simulation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Physical channels
	DPCCH, E-DPCCH, E-DPDCH 

	T2TP
	10 dB

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM

	TBS [bits]
	Variable: 120 – 22995 bits

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

	H-ARQ approach
	Incremental redundancy

	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)

	Power control measurements
	Ideal, realistic

	Searcher and channel estimation
	Ideal and realistic (channel estimation E-DPCCH assisted)

	Scheduler and marginal loop delay [TTI]
	4

	Target RoT [dB]
	5; 10; 15; 20

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

	Correlation of channel realizations between different RX antennas
	0

	Number of H-ARQ Processes
	8

	Maximum number of H-ARQ Transmissions
	4

	ILPC 1 Update Rate [slots]
	1*

	ILPC 1 Step Size
	±1 dB*

	ILPC 1 delay [slots]
	2*

	ILPC 2 Update Rate [slots]
	1 or 3*

	ILPC 2 Step Size
	±1 dB*

	ILPC 2 delay [slots]
	2*

	Rate adaptation (SD) Update Rate [TTI]
	1*

	Rate adaptation (SD) delay [TTI]
	2*

	Feedback error rate on control loops
	optional


*Initial simulation parameter values, other values can be provided for evaluating the rate adaptation schemes.
Table 2. Overview of power control and scheduling schemes

	Power control and scheduling (E-TFCI selection)  scheme
	1st inner loop power control
	2nd inner loop power control
	Outer loop power control for BLER control
	Scheduling grant calculation
	Rate adaptation (SD) loop

	Baseline
	DPCCH SIR
	No
	Yes
	Every 2ms
	No

	2-loop scheme [3]
	DPCCH SNR
	No
	No
	Only initially
	Every 2ms

	3-loop scheme [5]
	DPCCH SIR
	Total Ec/N0
	No
	Only initially
	Every 2ms


The first ILPC loop, controlling the DPCCH SIR for the 3-loop scheme and the DPCCH SNR for the 2-loop scheme, is updated every slot. The second loop which controls the total received power for the 3-loop scheme can be operated either on a TTI or slot based update rate. A higher update rate will ensure keeping a more stable RoT limit, while less frequent update rate for example reduce the potential signalling involved in this loop. The rate adaptation (SD) loop is updated each TTI.
5.1.1 Evaluation metrics

· Throughput values at different RoT targets
· RX and TX power levels

· DPCCH SIR levels

· RoT levels

· Statistics on loop parameters

5.2 System simulation assumptions
Table 1. 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 [km]
	1.0

	Path loss and shadow fading models
	As in [1]

	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
	15º

	Node B antenna tilt angle
	8º

	Node B antenna FTB [dB]
	20

	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 3km/h, Veh A 3km/h

	Correlation between the antennas
	0

	User mobility model
	Doppler spectrum

	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 2. 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
	10 dB

	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
	Disabled**

	Inner loop power control
	As in Table 2

	Outer loop power control
	As in Table 2

	OLPC delay [TTI]
	8

	Target BLER
	10% after the 1st transmission attempt

	H-ARQ approach
	Chase combining

	Scheduler delay [TTI]
	2

	Target RoT [dB]
	6; 15

	ILPC 1 Update Rate [slots]
	1*

	ILPC 1 Step Size
	±1 dB*

	ILPC 1 delay [slots]
	2*

	ILPC 2 Update Rate [slots]
	1 or 3*

	ILPC 2 Step Size
	±1 dB*

	ILPC 2 delay [slots]
	2*

	Rate adaptation (SD) Update Rate [TTI]
	1*

	Rate adaptation (SD) delay [TTI]
	2*


*Initial simulation parameter values, other values can be provided for evaluating the rate adaptation schemes.
**Soft and softer handover are in the initial simulation assumptions disabled. If a soft handover handling mechanism for rate adaptation is agreed to be included in the study item, these assumptions can be updated accordingly.
5.2.1 Evaluation metrics

· Average UE throughput versus average sector throughput curves

· UE densities: 0.0175, 0.25, 1, 4 and 10 UEs per sector

· Statistics on relative throughput gains

· Average BLER statistics
· RoT distribution (CDF)
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