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1. Introduction

In [1,2], Enhanced Uplink performance requirements and simulation assumptions were outlined.  This contribution provides some preliminary Enhance Uplink simulation results based on the general agreement for the physical layer structure of the E-DCH provided in [3].

2. SIMULATION REQUIREMENTS

In [1,2], a number of necessary performance requirements were identified for Enhanced Uplink.  In this contribution, some simulation results are provided with regard to the performance requirements in the following areas:  

1. Modulation and Coding – For HSUPA, two modulation levels are supported – BPSK and QPSK.  The QPSK modulation is implemented via code-multiplexing of two BPSK code channels.  In addition, various coding rates (through the rate matching algorithm defined in TS 25.212) are possible.  Here, results for a representative set of modulation levels and coding rates are shown.

2. Physical Layer Parameters – Performance will depend on gain factor (beta factor) selection, power control operation, pilot format and power, and channel estimation algorithm among other things. 

3. Hybrid Automatic Repeat Request (H-ARQ) – Node B controlled H-ARQ will be supported in HSUPA and these functionalities must be verified.  Throughput results are provided with H-ARQ (Chase combining) and without H-ARQ.  

The representative set of data rates simulated is provided in Table 1.  These rates were chosen to represent different modulations, coding rates, and spreading factors.  Also H-ARQ in the form of Chase combining will be considered.

Table 1.  Simulated E-DCH Data Rates.

	Modulation
	Coding Rate
	SF
	Num Code
	Data  Rate (bps)

	1
	1/2
	8
	1
	240000

	1
	2/5
	4
	1
	384000

	2
	1/3
	4
	1
	640000

	2
	3/4
	4
	1
	1440000


3. SIMULATION RESULTS

For the simulation results provided, the E-DPDCH, E-DPCCH, and DPCCH were turned on, while the DPDCH was turned off.  Table 2 lists relevant simulation parameters used in this study.  The gain factors for the DPCCH and E-DPCCH were fixed at c = 15 and ed = 11, respectively, while the E-DPDCH gain factor (ed) varied depending on the E-DCH data rate.  Note that the E-DPDCH gain factor selection has not been optimized and remains a topic of further study.  Inner-loop power control was on with one slot delay and 4% BER on the power control bit.  Outer-loop power control was disabled.  Three propagation channels were considered – AWGN, Pedestrian B at 3 km/h, and Vehicular A at 120 km/h.  A standard Rake receiver was used with channel estimation done based available pilot bits.  At the Node B, two antennas were present.  Note that only 2ms TTI was considered in this preliminary study.  In addition, only Chase combining was used in H-ARQ retransmissions since the redundancy version has not been completely specified. 

Figure 1 - Figure 2 illustrate throughput performance for data rate of 240 kbps.  Figure 1 shows performance with only one transmission (no H-ARQ), while Figure 2 illustrates performance for Chase combining with up to four maximum transmissions.  Likewise, Figure 3 - Figure 4 illustrate performance for 384 kbps, Figure 5 - Figure 6 illustrate performance for 640 kbps, while Figure 7 - Figure 8 illustrate performance for 1440 kbps.  Note that although the E-DPCCH was also transmitted, its performance is not shown here since the final structure of the E-DPCCH has not been decided.
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Table 2. Simulation Parameters

	Simulation Parameter
	Value

	No. of slots/frame
	3

	No. of chips/second
	3.84 Mcps

	E-DCH TTI
	2 ms

	Modulation
	BPSK/QPSK

	Channels
	AWGN,

Pedestrian B – 3 km/h,

Vehicular A – 120 km/h

	No. of antennas
	2

	Receiver
	Rake

	Sampling Rate
	1X

	Inner-Loop PC
	ON 

	Power Control Metric
	Pilot-based

	PC delay and error
	1 slot, 4%

	PC step size
	1 dB

	Outer-Loop PC
	OFF 

	Beta values
	βc = 15, βd = 0, βec = 11

βed = various

	Pilot/TFCI/FBI/TPC
	6/2/0/2

	Base Turbo Code
	R=1/3, K=4, 8 iterations
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Figure 1.  Throughput performance of the E-DCH with 240 kbps data rate under various channel conditions – 2ms TTI, 1 transmission, BPSK, R=1/2, SF=8, c = 15, ec = 11, ed = 30, non-ideal channel estimation, power control on, 2 RX antennas.
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Figure 2.  Throughput performance of the E-DCH with 240 kbps data rate under various channel conditions – 2ms TTI, 4 transmissions maximum, Chase combining, BPSK, R=1/2, SF=8, c = 15, ec = 11, ed = 30, non-ideal channel estimation, power control on, 2 RX antennas.
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Figure 3.  Throughput performance of the E-DCH with 384 kbps data rate under various channel conditions – 2ms TTI, 1 transmission, BPSK, R=2/5, SF=4, c = 15, ec = 11, ed = 45, non-ideal channel estimation, power control on, 2 RX antennas.
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Figure 4.  Throughput performance of the E-DCH with 384 kbps data rate under various channel conditions – 2ms TTI, 4 transmissions maximum, Chase combining, BPSK, R=2/5, SF=4, c = 15, ec = 11, ed = 45, non-ideal channel estimation, power control on, 2 RX antennas.
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Figure 5.  Throughput performance of the E-DCH with 640 kbps data rate under various channel conditions – 2ms TTI, 1 transmission, QPSK, R=1/3, SF=4, c = 15, ec = 11, ed = 60, non-ideal channel estimation, power control on, 2 RX antennas.
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Figure 6.  Throughput performance of the E-DCH with 640 kbps data rate under various channel conditions – 2ms TTI, 4 transmissions maximum, Chase combining, QPSK, R=1/3, SF=4, c = 15, ec = 11, ed = 60, non-ideal channel estimation, power control on, 2 RX antennas.
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Figure 7.  Throughput performance of the E-DCH with 1440 kbps data rate under various channel conditions – 2ms TTI, 1 transmission, QPSK, R=3/4, SF=4, c = 15, ec = 11, ed = 75, non-ideal channel estimation, power control on, 2 RX antennas.
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Figure 8.  Throughput performance of the E-DCH with 1440 kbps data rate under various channel conditions – 2ms TTI, 4 transmissions maximum, Chase combining, QPSK, R=3/4, SF=4, c = 15, ec = 11, ed = 75, non-ideal channel estimation, power control on, 2 RX antennas.
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