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1
Introduction
The agreed power profile in RAN4 #47bis for E-DCH phase discontinuity testing was corrected in [1] and further corrected in [2]. [1] and [2] also presented consequent analysis including the percentage of gain switching and performance degradation. This contribution presents further simulation results with a more realistic phase shift model.
2
Link Performance Analysis
2.1  Simulation Assumptions
The assumptions made for the link performance simulations are given in Table 1. As indicated in the table no modeling of inner loop power control is performed and a fixed E-TFCI is used. The results are shown in the subsection 2.3. 
Table 1: Simulation Parameters for Link Performance Simulation
	Parameter
	Value

	E-DPDCH TTI
	2 ms

	TBS
	2706

	Number of HARQ Processes
	8

	Number of Transmissions
	4

	E-DPCCH C/P [dB]
	2

	E-DPDCH T/P [dB]
	{3, 9 , 12, 6}

	HS-DPCCH ACK/NACK C/P [dB]
	6

	HS-DPCCH CQI C/P [dB]
	5

	DPCCH/HS-DPCCH Offset
	1 slot

	Power Control
	OFF

	EDCH Modulation
	QPSK

	Receiver
	Rake

	Number Receive Antennas
	2

	Channel Estimation
	Realistic

	Channel
	TU3

	Initial PA Powers (DPCCH) [dBm]
	{-2.2, 0, 5}

	Up Direction PA Switching Points
	1dBm, 11dBm

	Hysteresis [dB]
	3


2.2

Phase Shift Model
· Phase shift at the gain switching points
We applied +{30, 35} degrees of phase discontinuity when power increases, and -{30, 35} degrees of phase discontinuity when power decreases. In practice, the polarity of phase discontinuity can be the other way, such as negative with power increase and positive with power decrease, but for a given PA vendor model in a given band, and a given transition (med to high as an example), the transition polarity would stay consistent for the up direction, and the opposite in the down direction.
· Phase shift due to transmit power change other than gain switching points

We applied +{1, 1.5} deg/dB of phase discontinuity reflecting AM/PM distortion when power increases, and -{1, 1.5} deg/dB of phase discontinuity when power decreases. In practice, the polarity of AM/PM distortion can be the other way as well, but for a given PA vendor model in a given band, and a given PA state, the AM/PM polarity would stay consistent for the up direction, and the opposite in the down direction.
2.3

Link Performance
Figures 1-3 show the link performance results of the simulations for PA initial powers (DPCCH) of -2.2 dBm, 0 dBm and 5 dBm respectively with phase discontinuity magnitude of 30 degrees at the gain switching points. -2.2 dBm, 0 dBm and 5 dBm of initial powers (DPCCH) were chosen to represent high rate, low rate, and medium rate of gain switchings respectively as per gain switching analysis in [2]. Figures 4-6 show the link performance results with phase discontinuity magnitude of 35 degrees at the gain switching points. The normalized throughput is plotted for the power profile as a function of the “received” Ecp/Nt. Performance is compared for simulations with and without phase discontinuities. Each figure has the results of 1 deg/dB and 1.5 deg/dB of phase shifts for non-gain switching points.
The results are summarized in Tables 2 and Table 3 as a loss in dB at 35% throughput and 70% throughput. It is shown that the loss as a result of phase discontinuities is up to 0.431 dB and 0.305 dB each at 35% and 70% throughput. Please note that {30, 35} degree phase discontinuity assumption at all the switching points will show the upper bound in terms of degradation, since in practice we do not have such a big phase discontinuity at all the switching points. It is also observed that 1 deg/dB and 1.5 deg/dB of phase discontinuity at the non-gain switching points do not make any difference. Interestingly at 70% throughput, low rate of gain switching shows more loss than high rate of gain switching, however at 35% throughput, degradation reflects the rate of gain switching in general.

3
Conclusions

We showed that the link performance degradation with a realistic phase shift model and the phase discontinuity up to 35 degree is not significant.
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Figure 1: Comparison of normalized throughput with and without phase discontinuities;               Initial PA Power = -2.2 dBm, TU3, phase discontinuity of +/- 30 degrees at the gain switching points. 
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Figure 2: Comparison of normalized throughput with and without phase discontinuities;

Initial PA Power = 0 dBm, TU3, phase discontinuity of +/- 30 degrees at the gain switching points.
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Figure 3: Comparison of normalized throughput with and without phase discontinuities;              Initial PA Power = 5 dBm, TU3, phase discontinuity of +/- 30 degrees at the gain switching points.
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Figure 4: Comparison of normalized throughput with and without phase discontinuities;               Initial PA Power = -2.2 dBm, TU3, phase discontinuity of +/- 35 degrees at the gain switching points.
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Figure 5: Comparison of normalized throughput with and without phase discontinuities;              Initial PA Power = 0 dBm, TU3, phase discontinuity of +/- 35 degrees at the gain switching points.
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Figure 6: Comparison of normalized throughput with and without phase discontinuities;              Initial PA Power = 5 dBm, TU3, phase discontinuity of +/- 35 degrees at the gain switching points.
Table 2: Demodulation Loss in terms of received Ecp/Nt at 35% throughput

	Loss in Ecp/Nt [dB] at 35%Throughput

	Init PA Power [dB]
	Phase Discontinuity at Gain Switching
	Phase Discontinuity for Non-Gain Switching
	Loss in dB

	-2.2
	30
	1
	0.275

	
	
	1.5
	0.28

	
	35
	1
	0.424

	
	
	1.5
	0.431

	0
	30
	1
	0.07

	
	
	1.5
	0.08

	
	35
	1
	0.01

	
	
	1.5
	0.011

	5
	30
	1
	0.27

	
	
	1.5
	0.28

	
	35
	1
	0.28

	
	
	1.5
	0.37


Table 3: Demodulation Loss in terms of received Ecp/Nt at 70% throughput
	Loss in Ecp/Nt [dB] at 70%Throughput

	Init PA Power [dB]
	Phase Discontinuity at Gain Switching
	Phase Discontinuity for Non-Gain Switching
	Loss in dB

	-2.2
	30
	1
	0.09

	
	
	1.5
	0.11

	
	35
	1
	0.15

	
	
	1.5
	0.17

	0
	30
	1
	0.233

	
	
	1.5
	0.236

	
	35
	1
	0.3

	
	
	1.5
	0.305

	5
	30
	1
	0.06

	
	
	1.5
	0.068

	
	35
	1
	0.09

	
	
	1.5
	0.09
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