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Summary:

HSDPA system performance is given with and without 16QAM modulation using incremental redundancy (IR) and fixed TTI (2ms) and assuming a Rake receiver for typical multi-path channels [0]. Modulation was fixed on retransmissions and no transmit diversity was used. Using 16QAM in addition to QPSK modulation increases average packet call throughput for a given sector by 10% to 20% as well as improving sector (service) throughput (see Tables 1 - 4) and per user packet call throughput (see Figures 1,2,3). 

IR system performance (fixed TTI, fixed modulation and encoding rate on retrans.)

Tables 1 - 4 show system performance metrics for 3 and 30kph multi-path channel models (see Table B2) using the modified ETSI traffic model (see Table B1) and maximum C/I scheduler for Hybrid ARQ with IR.  In the case of IR the TTI was fixed and the selected modulation was used for the first transmission and subsequent retransmissions of a given packet. Retransmissions contain unique parity information up to the mother code. Modulation and encoding rates assigned were QPSK R=1/4, 1/2, 3/4 and optionally 16QAM R=1/2, 5/8, 3/4. The use of 16QAM modulation improves average packet call throughput from 10% to 20%.

Table 1 System performance statistics for 003kph when only QPSK modulation is used for multi-path channels
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Table 2 System performance statistics for 003kph when QPSK + 16QAM modulations are used for multi-path
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Table 3 HSDPA system Performance statistics for 030kph when QPSK modulations are used
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Table 4 HSDPA system Performance statistics for 030kph when QPSK + 16QAM modulations are used
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Figures 1, 2 and 3 show the cdf of the user packet call throughput (in bps) for the 3kph, 30 kph and 120 kph cases. For all three speeds 16QAM results in improved user packet call throughput when using the maximum C/I scheduler, modified ETSI traffic model, and equi-probable PedA, PedB, VehA channel multi-path models.
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Figure 1 User Packet Call Throughput CDF in bps at 003 kph.
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Figure 2 User Packet Call Throughput CDF in bps at 030 kph.
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Figure 3 User Packet Call Throughput CDF in bps at 120 kph.

Conclusion:

HSDPA system performance is given with and without 16QAM modulation using incremental redundancy (IR) and fixed TTI (2ms) and assuming a Rake receiver for typical multi-path channels [0]. Modulation was fixed on retransmissions and no transmit diversity was used. For the maximum C/I scheduler and ETSI traffic model using 16QAM in addition to QPSK modulation increases average packet call throughput for a given sector from 10% to 20% as well as improving sector (service) throughput (see Tables 1, 2, 3) and per user packet call throughput (see Figures 1, 2, 3). It was observed that part of the QAM benefit is from providing more oppurtunities for CDM.
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ANNEX A

System Simulation Assumptions

The following parameters related to HSDPA features were used:

· MCS selection based on CPICH measurement (RSCP/ISCP)

· MCS update rate: once per 3 slots

· CPICH measurement transmission delay: 3 slots   

· Selected MCS can be applied after 3 slot delay upon receiving measurement report

· Std. dev. of CPICH measurement error: 0

· CPICH measurement rate: once per 3 slots (sampling is 0.67ms, IIR filter sampled once per 3 slots using IIR filter with coefficient of 0.3 (new data weighted by 0.7)) 
· CPICH measurement report error rate: 0 %

· Frame length for fast HARQ: TTI length = 2.00ms

· Fast HARQ feedback error rate: 0%

· Channel Model: 3, 30, 120 kph, with equi-probable multi-path models (PedA, PedB, VehA) described by Table B3 in Annex B.  Also a mixture of channel models is used as described in Table B2 and Table B3 (PedA, PedB, VehA, Doppler).

· Maximum C/I scheduler (see [2]) and Proportional Fair Scheduler

· Modified ETSI Call model (see [2]) and Mixture.

· Throughput measurements are for center cell.

· Packet inter-arrival time was 6ms.

· Note when control channels are not dynamically modeled, then a fixed overhead of 10% was assumed in terms of required power.  (See Table A1)

· The modulation and encoding rates assigned were QPSK R=1/4, ½, ¾, and 16QAM R=1/2, 5/8 , ¾.

Basic system level parameters:

The basic system level simulation parameters are listed in Table A1 [2] below.

Table A1. Basic system level simulation assumptions.

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	19 sites

	Site to Site distance
	2800 m
	

	Antenna pattern
	As proposed in [4]
	Only horizontal pattern specified

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometres

	CPICH power
	-10 dB
	

	Other common channels
	- 10 dB
	

	Power allocated to HSDPA transmission, including associated signaling
	Max. 70% of total cell power unless control channels are explicitly simulated in which case up to 80% of total power is possible.
	When control channel not explicitly simulated then a fixed power of –10dB Ec/Ior is allocated.

	Slow fading
	Similar to UMTS 30.03, B 1.4.1.4 
	

	Std. deviation of slow fading
	8.0 dB 
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m   
	See D,4 in UMTS 30.03.

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Max. # of retransmissions
	15
	Retransmissions by fast HARQ


	Fast HARQ scheme
	Chase combining or IR combining
	Dual stop-and-wait

	BS total Tx power
	42.3 dBm
	

	Active set size
	Up to 3
	Maximum size

	Specify Fast Fading model
	Jakes spectrum
	Generated by Filter approach 


ANNEX B

Traffic and Channel models for System Simulation

Table B1 below shows the data-traffic model parameters for the modified ETSI model [2,6]. 

Table B1 Data-traffic model parameters for modified ETSI model

	Process
	Random Variable
	Parameters

	Packet Calls Size
	Pareto with cutoff
	Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

	Time Between Packet Calls
	Geometric
	μ = 5 seconds

	Packet Size
	Segmented based on MTU size
	(e.g. 1500 octets)

	Packets per Packet Call
	Deterministic
	Based on Packet Call Size and Packet MTU

	Packet Inter-arrival Time

 (open- loop)
	Deterministic
	μ = MTU size /peak link speed 

(e.g. [1500 octets * 8] /2 Mb/s = 6 ms)


The Fractional Recovered Power (FRP) for ITU models given raised cosine filtering for a WCDMA channel are given in Table B2. FURP shall contribute to the interference of the finger demodulator outputs as an independent fader.

Table B2 Fractional Recovered Power and Delay for each multi-path channel model
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