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Introduction
In [1], [2], a proposal was made to modify the Inner Loop Power Control (ILPC) requirement [3] in order to accommodate a multiple gain stage power amplifier in the UE. In this contribution we perform a link study on E-DPDCH, that incorporates a multiple gain stage power amplifier in the transmitter. 

2 Inaccuracy to Multiple Gain Stage PA
The UE is required to follow the UL power control commands within a specified accuracy range.  Typically, the power step can be applied in base band, therefore meeting the requirement is not overly demanding.  There are cases however, when the Tx power crosses a gain stage switch threshold for some of the RF components, most typically for the PA.  In this case, both the switch, and a base band readjustment has to be applied at the same time to arrive at the required power level.  Due to environmental and component variability factors, there is some uncertainty in the actual RF gain change due to the switch; therefore there may be a residual inaccuracy, which is present in the slot immediately following the gain stage switch. 
In the link study performed here, we model the multiple gain stage PA as follows:

· The PA has 3 gain stages
· No PA error introduced for PA power change within a PA stage

· At a gain stage transition in the upward direction, a uniformly distributed error between 0 and 1.5 dB is applied on top of the effect of current PC command

· At a gain stage transition in the downward direction, a uniformly distributed error between -1.5 and 0 dB is applied on top of the effect of current PC command
3 Link Simulation Assumptions
Table 1: Link Simulation Assumtions

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of Transmissions
	4

	Residual BLER
	1%

	DL TPC Bit Error
	4%

	Number of Rx Antennas
	2

	E-DCH Transport Block Size
	307 bits

	E-DPDCH/DPCCH Power Ratio
	10 dB

	E-DPCCH/DPCCH Power Ratio
	10 dB

	DPCCH Slot Format
	8 Pilot, 2 TPC

	PC Delay
	2 slots

	PC Step Size
	1 dB

	Channel Estimation
	Realistic

	Channel Model
	AWGN, PA3, PB3, VA30, VA120

	Receiver Type
	Rake Receiver

	Number of PA Gain Stages
	3

	Gain State Transition Points
	+1dBm, +11dBm 

	Initial PA Power
	Sweep from -4dBm to +14dBm with step size of 2dB


In the study, it is assumed that the E-DCH transmission is ON in every H-ARQ process (Full Buffer source model). Hence it does not account for sharp transitions in uplink transmit power when the E-DCH transmissions are intermittent. For example in VoIP, we would expect to see 3 to 4 H-ARQ processes out of 8 carrying E-DCH transmissions. 
The purpose of the link study is to analyze the following:

· Loss in Eb/Nt due to PA power error introduced by PA gain stage switching.
· Performance sensitivity to initial UL transmit power:
· Relationship between initial PA power value and PA error rate or equivalently PA Gain Stage switching rate
4 Link Study Results
In the following tables (Table 2 -6) , we present the link impact due to PA gain stage switching, based on the PA model described in Chapter 2 and the simulation assumptions 

Table 2: Loss in Eb/Nt due to PA Gain Stage Switching, AWGN

	Initial UL Transmit Power

[dBm]
	Eb/Nt

[dB]
	Loss in Eb/Nt due to PA gain stage switching                 [dB]
	Ecp/Nt

[dB]
	Loss in Ecp/Nt due to PA gain stage switching             [dB]

	Ideal PA
	2.7270
	0
	-23.3665
	0

	-4
	2.7841
	0.0571
	-23.2580
	0.1085

	-2
	2.8427
	0.1157
	-23.2132
	0.1532

	0
	2.8283
	0.1012
	-23.1857
	0.1807

	2
	2.8120
	0.0850
	-23.1646
	0.2018

	4
	2.7645
	0.0375
	-23.2637
	0.1028

	6
	2.7635
	0.0365
	-23.2821
	0.0844

	8
	2.8210
	0.0940
	-23.2166
	0.1498

	10
	2.8283
	0.1012
	-23.1857
	0.1807

	12
	2.8116
	0.0845
	-23.1651
	0.2014

	14
	2.7629
	0.0359
	-23.2881
	0.0784


Table 3: Loss in Eb/Nt due to PA Gain Stage Switching, PA3

	Initial UL Transmit Power
[dBm]
	Eb/Nt

[dB]
	Loss in Eb/Nt due to PA gain stage switching                 [dB]
	Ecp/Nt
[dB]
	Loss in Ecp/Nt due to PA gain stage switching             [dB]

	Ideal PA
	0.5251
	0
	-26.0945
	0

	-4
	0.5314
	0.0062
	-26.0910
	0.0035

	-2
	0.5224
	-0.0027
	-26.0972
	-0.0026

	0
	0.5511
	0.0260
	-26.0287
	0.0659

	2
	0.5525
	0.0274
	-26.0586
	0.0360

	4
	0.5374
	0.0123
	-26.0850
	0.0095

	6
	0.5356
	0.0105
	-26.0611
	0.0334

	8
	0.5464
	0.0212
	-26.0419
	0.0526

	10
	0.5328
	0.0076
	-26.0774
	0.0171

	12
	0.5504
	0.0253
	-26.0420
	0.0525

	14
	0.5510
	0.0259
	-26.0590
	0.0355


Table 4: Loss in Eb/Nt due to PA Gain Stage Switching, PB3

	Initial UL Transmit Power

[dBm]
	Eb/Nt

[dB]
	Loss in Eb/Nt due to PA gain stage switching                 [dB]
	Ecp/Nt

[dB]
	Loss in Ecp/Nt due to PA gain stage switching             [dB]

	Ideal PA
	1.7833
	0
	-24.6410
	0

	-4
	1.7739
	-0.0094
	-24.7040
	-0.0630

	-2
	1.8194
	0.0361
	-24.5718
	0.0692

	0
	1.8418
	0.0585
	-24.5406
	0.1004

	2
	1.8216
	0.0383
	-24.5683
	0.0727

	4
	1.7974
	0.0141
	-24.6340
	0.0070

	6
	1.7910
	0.0077
	-24.6434
	-0.0024

	8
	1.8066
	0.0233
	-24.6519
	-0.0108

	10
	1.8204
	0.0370
	-24.5764
	0.0646

	12
	1.8267
	0.0434
	-24.5630
	0.0781

	14
	1.8018
	0.0185
	-24.6083
	0.0327


Table 5: Loss in Eb/Nt due to PA Gain Stage Switching, VA30

	Initial UL Transmit Power

[dBm]
	Eb/Nt

[dB]
	Loss in Eb/Nt due to PA gain stage switching                 [dB]
	Ecp/Nt

[dB]
	Loss in Ecp/Nt due to PA gain stage switching             [dB]

	Ideal PA
	1.9776
	0
	-24.2129
	0

	-4
	2.0231
	0.0454
	-24.1491
	0.0638

	-2
	2.0622
	0.0846
	-24.1149
	0.0980

	0
	2.1090
	0.1313
	-23.9609
	0.2519

	2
	2.0646
	0.0869
	-24.0567
	0.1562

	4
	2.0051
	0.0275
	-24.1427
	0.0702

	6
	2.0421
	0.0645
	-24.1112
	0.1017

	8
	2.0787
	0.1011
	-24.0765
	0.1363

	10
	2.0795
	0.1019
	-24.0564
	0.1564

	12
	2.0753
	0.0977
	-24.0251
	0.1878

	14
	2.0273
	0.0497
	-24.1050
	0.1079


Table 6: Loss in Eb/Nt due to PA Gain Stage Switching, VA120

	Initial UL Transmit Power

[dBm]
	Eb/Nt

[dB]
	Loss in Eb/Nt due to PA gain stage switching                 [dB]
	Ecp/Nt

[dB]
	Loss in Ecp/Nt due to PA gain stage switching             [dB]

	Ideal PA
	2.7270
	0
	-23.3665
	0

	-4
	2.7841
	0.0571
	-23.2580
	0.1085

	-2
	2.8427
	0.1157
	-23.2132
	0.1532

	0
	2.8283
	0.1012
	-23.1857
	0.1807

	2
	2.8120
	0.0850
	-23.1646
	0.2018

	4
	2.7645
	0.0375
	-23.2637
	0.1028

	6
	2.7635
	0.0365
	-23.2821
	0.0844

	8
	2.8210
	0.0940
	-23.2166
	0.1498

	10
	2.8283
	0.1012
	-23.1857
	0.1807

	12
	2.8116
	0.0845
	-23.1651
	0.2014

	14
	2.7629
	0.0359
	-23.2881
	0.0784


Based on the above and the plots in Annex 1, 2, and 3, we observe the following performance degradation due to error in transmit power setting introduced by the 3-gain stage PA:

· Eb/Nt degradation is within 0.15 dB across all channels and all initial PA power

· Ecp/Nt degradation is within 0.25 dB across all channels and all initial PA power

· Degradation in PA3, PB3 channels are less sensitive to PA gain stage switching

· At or around the PA gain stage switching points (+1dBm, +11dBm), 

· The link degradation is maximum

· The PA Gain Stage Switching Rate is maximum

· The standard deviation in UL Transmit power is maximum
5
Conclusions
A detailed link study was performed to evaluate the E-DPDCH link loss impact due to UE PA gain stage switching. The motivation of the study was based on the proposal to change [1],[2]  the ILPC test requirement, when a multiple gain stage amplifier is used in the UE transmitter. The study performed here on E-DCH TBS = 307 bits suggests that the introduction of a 3-gain stage PA does not impact E-DPDCH link performance. An insignificant loss in Eb/Nt (at most 0.15 dB) was observed across different wireless channels. 
We propose a small relaxation in the ILPC requirement for a small number of exceptions to better align it with practical implementations, in particular, to allow for gain stage switches in a PA. The benefit of the change is reduced implementation complexity, similar to what was considered when allowing for an infrequent occurrence of phase discontinuities in the uplink transmitted waveform. Hence, we propose modifying the ILPC requirement as per the CR in [4].
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Annex 1- Link Level Plots
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Figure 1: Eb/Nt v/s Initial PA power (dBm), AWGN                                           Figure 2: Eb/Nt v/s Initial PA power (dBm), PA3
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Figure 3: Eb/Nt v/s Initial PA power (dBm), PB3                                               Figure 4: Eb/Nt v/s Initial PA power (dBm), VA30
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Figure 5: Eb/Nt v/s Initial PA power (dBm), VA120
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Annex 2 PA Gain Stage Switch Rate Statistics
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Figure 6: PA Stage Switching Rate v/s Initial Power, AWGN                       Figure 7: PA Stage Switching Rate v/s Initial Power, PA3
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Figure 8:PA Stage Switching Rate v/s Initial Power, PB3                                 Figure 9: PA Stage Switching Rate v/s Initial Power, VA30
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Figure 10: PA Stage Switching Rate v/s Initial Power VA120
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Annex 3 Standard Deviation of UL Transmit Power
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Figure 11: PA Stage Switching Rate v/s Initial Power, AWGN                       Figure 12: PA Stage Switching Rate v/s Initial Power, PA3
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Figure 13: PA Stage Switching Rate v/s Initial Power, PB3                                 Figure 14: PA Stage Switching Rate v/s Initial Power, VA30
[image: image15.emf]-4 -2 0 2 4 6 8 10 12 14

0.5

0.505

0.51

0.515

0.52

0.525

0.53

0.535

0.54

0.545

Initial PA power (dBm)

PA power normalized standard deviation

VA120


Figure 15: PA Stage Switching Rate v/s Initial Power VA120
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