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1 Introduction
The WI for 16QAM HSUPA has been approved at RAN#34, [1]. 

This paper investigates the impact of impairments on throughput and proposes TX EVM levels considering the presence of receiver impairments to ensure that proper system performance for 16QAM modulation schemes in UL is maintained. This paper investigates the impact of both TX and RX impairments on throughput. 

2 Discussion
A simulation set up based on the assumptions outlined in Annex A was used to investigate the TX and RX EVM impact (modelled as AWGN) on throughput. The results are based on link level simulations. The RX EVM is modelled with two RX antennas. 
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Figure 1
: Simulation set up schema. 
3 Simulation results

For AWGN scenario and ideal channel estimation, the throughput performance for various EVM levels at TX and RX are shown in Figures 3 to 6 in annex B. For Pedestrian A, results are shown in Figures 7 to 10 in annex B. The simulations assumptions for the investigations can be found in annex A. 

In the simulation results provided in the annex B it can be seen that the RX EVM value is not critical for choosing the appropriate TX EVM value for 16QAM in UL. In figure 2 below the graph is presented for RX EVM = 10% and the PA3 channel for the coding rate of 0.89. The curve indicates that 12.5 % of TX EVM would be appropriate maintaining high throughput.
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Figure 2: PA3 -Throughput as a function of TX EVM with receiver EVM of 10%.(CR=0.8911)

4 Summary

In this paper we investigate the impact of transmitter and receiver impairments on throughput for 16QAM uplink HSUPA and a TX EVM requirement of 12.5% is proposed.
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6 Annex A, Simulation assumptions
	Parameter
	Value

	Maximum information bit rate
	CR=8/9 and FRC8 for E-DPDCH

	Carrier frequency
	2 GHz

	Chip rate
	3.84 Mcps

	DL ACK/NACK signalling error model 
	Off

	# of bits in A/D
	Floating point

	SQRC pulse shaping
	Off

	Samples / chip
	1

	Inner-loop TPC
	On

	Outer-loop PC
	Off

	Multipath channels
	AWGN, PA3

	Channel estimator
	ideal

	HARQ combining
	IR

	Max # of transmissions
	4

	# HARQ Processes
	8 for 2 ms TTI

	RSN pattern
	{0, 1, 2, 3}, for RV index see TS25.215, table 16 for the relevant coding rate.

	TTI length
	2 ms according to FRC definition

	# of antennas
	2

	Base Turbo Codec
	R=1/3, K=4, 8 iterations, Max Log MAP

	For E-DPDCH simulation:

       Demodulation of E-DPCCH

       Simulated parameters
	Off

Throughput as a function of Ec/N0 (total).

	For E-DPCCH simulation:
	NA


7 Annex B, Simulation results for Coding rate = 0.89
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Figure 3: AWGN -Throughput as a function of TX EVM with receiver EVM of 0%. (CR=0.8911)
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Figure 4: AWGN -Throughput as a function of TX EVM with receiver EVM of 5%. (CR=0.8911)
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Figure 5: AWGN -Throughput as a function of TX EVM with receiver EVM of 10%.(CR=0.8911)
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Figure 6: AWGN -Throughput as a function of TX EVM with receiver EVM of 12.5%.(CR=0.8911)
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Figure 7: PA3 -Throughput as a function of TX EVM with receiver EVM of 0%. (CR=0.8911)
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Figure 8: PA3 -Throughput as a function of TX EVM with receiver EVM of 5%. (CR=0.8911)
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Figure 9: PA3 -Throughput as a function of TX EVM with receiver EVM of 10%.(CR=0.8911)
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Figure 10: PA3 -Throughput as a function of TX EVM with receiver EVM of 12.5%.(CR=0.8911)
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