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1. Introduction 

At the WG1 meeting #29 (Shanghai) peak to average (PAR) issues were addressed in [2] to highlight the need for reducing the maximum PA power level and individual channel power limits given the HS-DPCCH Release 5 channel was supported. This document briefly discusses how PAR issues are related to linear PA power requirements and proposes that 99.9% PAR requirement is a useful critieria for determing the impact of adding new uplink channels.  It also presents PAR results for Release 99 and Release 5 voice and data call reference cases.  A common understanding of this issue is also important with regard to the Enhanced uplink study item for comparing the benefits of a largely code multiplexed to a largely time multiplexed UE transmitter architecture and understanding the impact of using a second  DPDCH in either case.

2. Discussion

Given PA complexity and the many drivers determining linear power  (PA class (A/B,A,B), channel filtering, modulation, etc)  it is not always true that PAR increases for a current PA design due to adding more uplink channels necessary maps directly to an equivalent reduction in the maximum linear PA power level (or what is some times called PA backoff).  In fact,  a 0.5 dB PAR increase may result in a larger than 0.5dB reduction in maximum linear PA power level due to a particular PA design and the reference PAR level.  That said, it is still useful to look at PAR increases for addressing the impact of including new uplink channels and optimizing OVSF code and I,Q branch selections for uplink channel sets. A typical PAR comparison metric is the 99.9%-ile PAR cdf level. While 100%-ile PAR cdf level could be used we think using a 99.9% PAR level results in more meaningful comparisons since the 100% criteria is determined by a single peak sample and is not a reliable measure of PAR. 

To further support the validity of 99.9%-ile PAR as a comparison metric, the effects of simply clipping the amplitude of a WCDMA signal at the 99%, 99.9% and 99.99% levels are summarized  in Table 1.  Clipping is considered an extreme case of what a real amplifier would do to an input signal, such that the clipping results represent a worst case characterization of a amplifier’s inability to reach certain high level peaks.

Table 1 PA performance metrics for different clipping levels

	DPCCH  SF=256, code 0, Beta=15      HS-DPCCH SF=256, code 1, Beta=30/15

DPDCH  SF=004, code 1, Beta=15      DPDCH SF=004, code 1, Beta=15

	
	
	
	Relative Spectral Energy

	CDF
	PAR (dB)
	EVM (%)
	5MHz
	10MHz
	15MHz
	20MHz
	25MHz

	99.0%
	3.93
	0.51
	50.6
	61.1
	68.4
	74.6
	77.6

	99.9%
	4.71
	0.08
	65.1
	72.1
	82.6
	85.8
	89.0

	99.99%
	5.08
	0.01
	77.2
	86.4
	90.0
	93.6
	95.6

	No clipping
	
	0
	77.7
	89.4
	92.9
	94.9
	95.9


The particular signal used for Table 1 was a fairly aggressive one with two data (DPDCH) channels and an HS-DPCCH, all at their maximum beta values but this produces peak to averages in the range expected for some of the possible enhanced uplink channel configurations [see 3], It was found that the PAR results were not fundamentally different regardless of the channel mix considered.

 Since the relative spectral energy results given in Table 1 and plotted in Figure 1 show that even clipping at the 99.9% level does not lead to any significant spectral degradation
, one may assume that any peaks that exceed this threshold are insignificant to the overall system analysis.  Note that EVM is also not disturbed to any great degree at this level of clipping.  This analysis supports the 99.9% metric as appropriate for WCDMA signal analysis.

Finally, one other important relationship worth noting is that as PAR increases, PA efficiency drops causing  larger current drain to achieve the same PA power level resulting in shorter UE battery life.

3. PAR Baseline results

We have included PAR simulations results for some Release 99/5 reference cases  in Table 2 below.  Table 2 shows results for the voice call (1 DPDCH) and data call (2 DPDCH) reference cases with and without the HS-DPCCH Release 5 channel.  The results indicate that the 99.9%-ile PAR for the voice call reference case (c=8, d=15) without HS-DPCCH  is about 3.0dB.  With the HS-DPCCH for a 6dB offset relative to the DPCCH the PAR increase is about 0.3 dB.  For the data call reference case (c=4, d=15) without HS-DPCCH the 99.9%-ile PAR increases to 3.5 dB. With the HS-DPCCH for a 6dB offset relative to the DPCCH the PAR increase is about 0.75dB resulting in a 99.9%-ile PAR of about 4.2dB.  Table 4 compares 99.9%-ile PAR results for different Release 5 channel configurations based on Table 2 and 3. The results indicate up to a 1.4 dB PAR increase if 3 DPDCHs (1 for voice and 2 for data) are supported compared to a single DPDCH.

Voice and data are generally time multiplexed unless the SF requirement is less than 4.  As such an extra DPDCH is required to support data rates above 256 kbps in Rel-99. 

4. Conclusions
The 99.9%-ile PAR level is a realistic comparison metric for comparing acceptable maximum linear PA power level limits for different UE transmitter architectures.  A 100%-ile PAR level is not a useful or reasonable metric for comparing UE transmitter architectures. 

The 99.9%-ile PAR level increase from the HS-DPCCH for the voice call reference case is only 0.3dB given the HS-DPCCH/DPCCH offset is set to the maximum of 6dB. 

The 99.9%-ile PAR level increase by including the HS-DPCCH for the data call reference case is 0.75dB given the HS-DPCCH/DPCCH offset  is set to 6dB.

The 99.9%-ile PAR level increase for three DPDCH (one for voice and two for data) compared to a single DPDCH voice call  is about 1.4 dB.
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Figure 1 Relative Spectral Energy for different levels of clipping.

Table 2.  PAR results for Voice Call Test Case & Data Call Test Case (Rel-5)
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Table 3 The 99.9%-ile PAR results for Voice+Data and Data only cases DPDCH (voice)
	DPDCH (voice)
	DPCCH
	HS-DPCCH
	DPDCH (data)
	Scheme
	

	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	
	PAR

	
	
	
	
	Q
	3
	256
	0
	Q
	6
	256
	64
	I
	15
	4
	1
	BPSK4
	3.06

	I
	6
	64
	16
	Q
	3
	256
	0
	I
	6
	256
	1
	Q
	15
	4
	1
	BPSK4+Voice
	3.62

	I
	8
	64
	48
	Q
	4
	256
	0
	Q
	8
	256
	32
	I+Q
	15
	4
	1
	QPSK4+Voice
	5.01


Table 4   99.9%-ile PAR comparison for various Release 5 channel configurations

	Call Type (Release 5)
	99.9%-ile PAR Range (dB)
	Number of DPDCH

	Voice, wo HS-DPCCH
	3.01 – 3.09
	1

	Voice,  w HS-DPCCH
	3.28 – 3.63
	1

	Data, w HS-DPCCH
	3.06 – 3.63
	1

	Voice + Data, w HS-DPCCH
	< 3.28
	1  (max 256kbps data rate)

	Voice + Data, w HS-DPCCH
	4.24
	2 (max ~500kbps data rate)

	Data Only, w HS-DPCCH
	4.24
	2 (max ~1000kbps data rate)

	Data Only, wo HS-DPCCH
	5.01
	3

	NonRel-5 Voice+Data w HS-DPCCH
	5.01
	3






































� Even though there is noticible degradation of the spectrum at this clip level, there is still ~30dB margin to system specifications where they are defined, and the level is >80dBc outside of the defined specification regions.  Levels are also well below the relative spectral energy performance of a typical mobile station FIR.
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