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1
Introduction
The most recent simulation assumptions for E-DCH phase discontinuity requirement were provided in [1]. The E-DCH power profile was revised to have a periodic CQI reporting. We found out that the power profile that has been used for E-DCH phase discontinuity analysis in RAN4 so far has a critical problem, where the total power was incorrectly computed. Since the gain switching occurs based on the total power in the power amplifier (PA), all the analyses that have been presented should be revisited. In this contribution we present a new power profile with correct power computation. Consequent analysis including the percentage of gain switching and performance degradation will be presented based on a new power profile.
2
Correction on Power Profile
Assuming DPCCH, HS-DPCCH, E-DPCCH and E-DPDCH in the uplink, power profile was presented in [1] with a periodic CQI reporting. In [1] and all the previous power profile, the total transmit power in the UE was added up linearly in dB domain. 
However, the total transmit power in the UE is given by

[image: image1.wmf]ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

=

2

2

2

1

c

hs

c

ed

c

ec

pilot

tot

P

P

b

b

b

b

b

b

,
where 
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can be considered as an initial power in the power profile. To compute the total power in dB domain, we could not simply sum up 
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 as the computation made in all the previous power profile. This incorrect power computation made fairly large dynamic range of the PA, resulting in unnecessary gain switching and exaggerated performance degradation.
The total transmit power in dB can be computed as
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Assuming an initial power of 0 dBm, new power profile is shown in Figure 1 and illustrated in Table 1. The dynamic range of the power profile in Figure 1 is about 9.2 dB, compared to 17 dB in [1]. This smaller dynamic range results in less gain switching and less frequent large phase discontinuity.
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Figure 1: Power step profile with 10 symbols (1 slot) misalignement between HS-DPCCH and E-DCH with Initial Power = 0 dBm
Table 1: Power Profile with Initial Power = 0 dBm

	Slot Number
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 (dB)
	Total Tx Power (dBm)

	1
	3
	0
	2.4702

	2
	3
	6
	5.1781

	3
	3
	5
	4.7426

	4
	9
	5
	7.2132

	5
	9
	0
	6.0744

	6
	9
	0
	6.0744

	7
	12
	0
	8.5036

	8
	12
	0
	8.5036

	9
	12
	5
	9.1905

	10
	6
	5
	5.7319

	11
	6
	6
	6.0822

	12
	6
	0
	4.0287

	13
	3
	0
	2.4702

	14
	3
	0
	2.4702

	15
	3
	5
	4.7426

	16
	0
	5
	3.4521

	17
	0
	0
	0

	18
	0
	0
	0

	19
	3
	0
	2.4702

	20
	3
	0
	2.4702

	21
	3
	5
	4.7426

	22
	0
	5
	3.4521

	23
	0
	0
	0

	24
	0
	0
	0


3
Gain Switching Analysis

The percentage of gain switching assuming the new power profile is analyzed with respect to initial Tx power with different amount of separation between switching points.

Simulation conditions include the following:
· Power profile: Figure 1
· Initial power: -15 dBm ~ 10 dBm 

· Hysteresis: 3 dB 

· Positive direction switching points = [1, 1+separation] dBm 

· Negative direction switching points = Positive direction switching points – Hysteresis 

· Power control: Off
Figure 2 shows the percentage of gain switching when we run the new power profile given a particular separation between switching points.
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Figure 2: Percentage of gain switching with different separation between switching points in the PA
When the percentage with 10 dB separation and 3 dB hysteresis is compared to Figure 2 in [2], it is noted that the maximum percentage is reduced from 33.33% to 16.67%. Since there are much less gain switching, it is expected that the performance degradation due to the phase discontinuity would be smaller as well. The link performance analysis is presented in Section 4. It is also shown that it is desirable to have at least 7 dB separation between switching points in each direction to prevent frequent gain switchings.

4
Link Performance Analysis
4.1  Simulation Assumptions
The assumptions made for the link performance simulations are given in Table 2. 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 4.2. 

Table 2: 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 [dBm]
	-5, 0 , 5

	Up Direction PA Switching Points
	1dBm, 10dBm

	Hysteresis [dB]
	3

	Phase Shift [degree]
	+/- 40 with prob 0.5 at Switching Points

0 elsewhere


4.2 Link Performance
Figures 3-5 show the link performance results of the simulations for PA initial powers of -5dBm, 0dBm and 5dBm respectively. The hysteresis of 3dB is assumed and the phase shift due to gain stage switching is assumed to be +/- 40 degrees with 0.5 probability. No phase shift is applied at all other points, since it doesn’t affect the performance much. 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. 
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Figure 3: Comparison of normalized throughput with and without phase discontinuities; 

Initial PA Power = -5dBm, TU3 
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Figure 4: Comparison of normalized throughput with and without phase discontinuities; 

Initial PA Power = -5dBm, TU3
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Figure 5: Comparison of normalized throughput with and without phase discontinuities; Initial PA Power = -5dBm, TU3
It is shown that the loss as a result of phase discontinuities is negligible with a phase shift of 40 degrees. Please note that 40 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. The maximum loss is seen when the initial PA power is set to 5dBm. The results are summarized in Tables 3 and 4. 
Table 3: Demodulation Loss in terms of received Ecp/Nt due to phase shift of +/- 40 degrees
	Channel
	Loss in Ecp/Nt [dB] at 70% Throughput

	
	Initial PA Power = -5dBm
	Initial PA Power = 0dBm
	Initial PA Power = 5dBm

	TU3
	0.14
	0.05
	0.32


Table 4: Demodulation Loss in terms of throughout due to phase shift of +/- 40 degrees
	Channel
	Loss in throughput [%] at 70% Throughput

	
	Initial PA Power = -5dBm
	Initial PA Power = 0dBm
	Initial PA Power = 5dBm

	TU3
	0.71
	0.28
	1.72


Furthermore, in Figure 6, we show the sensitivity to different phase discontinuities.
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Figure 6: Comparison of normalized throughput with and without phase discontinuities; Initial PA Power = -5dBm, TU3
6
Minimum Requirements
As per the minimum requirement proposed in [3], the following minimum requirement along with test procedure is proposed.
To set the test requirement, the following test procedure is proposed
· UE transmits a power step according to the power profile in Table 1.

· The test is repeated to cover the whole dynamic range of the transmitter.

During test the phase discontinuity in the transmitted signal is measured and the following characteristics is observed.
1. The phase discontinuity for E-DCH shall not exceed 40 degrees.
2. The phase discontinuity for E-DCH shall not exceed 10 degrees 83 % of the time. 
“The phase discontinuity for E-DCH shall not exceed 40 degrees” is based on the link performance in Section 4. “The phase discontinuity for E-DCH shall not exceed 10 degrees 83 % of the time” is based on gain switching analysis in Section 3.
5
Conclusions

We presented a correct power profile that can be utilized in E-DCH phase discontinuity study. Based on the new power profile, (1) we conducted a gain switching analysis to show that at least 7 dB of separation between switching points in each direction is desirable, and (2) we showed that the link performance degradation due to the phase discontinuity up to 40 degree is negligible. In the end, minimum requirements based on simulation results were introduced.
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