
9 – 13 October, 2006
Agenda item:     7.3
Source: 
Motorola
Title:
Implementation Aspects of 16-QAM for HSPA Uplink
Document for: 
Discussion
1. Introduction
A necessary pre-requisite to further evaluation of 16-QAM for E-DCH modulation and coding is an assessment of the impact of 16-QAM on UE power amplifier linearity and efficiency. Recent work in 3GPP on UE PA linearity [1]

 REF _Ref147385598 \r \h 
[2] has centred on the cubic metric (CM) as an indicator of maximum power reduction (MPR). This contribution numerically assesses the impact of 16-QAM on CM, as a necessary pre-requisite to establishing associated MPR levels and generating an accurate estimate of 16-QAM impact at the network level.
2. Discussion
The CM for WCDMA waveforms is formally defined in Section 6.2.2 of 3GPP TS 25.101 (Rel-7) as:

CM = CEIL { [20 * log10 ((v_norm 3) rms) – 20 * log10 ((v_norm_ref 3) rms)] / k, 0.5 }
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.1)

where (in summary):
- 
CEIL { x, 0.5 } rounds upwards to nearest 0.5dB

-
k is 1.85 for signals where all channelisation codes CSF, N  are such that N< SF/2

-
k is 1.56 for signals were any channelisation codes CSF, N  meet the following criteria N ≥ SF/2

-
v_norm is the normalized voltage waveform of the input signal

-
v_norm_ref is the normalized voltage waveform of the reference signal (12.2 kbps AMR Speech)

-
20 * log10 ((v_norm_ref 3) rms) = 1.52 dB
[2] reported CM as a function of a variety of uplink channel configurations, including various combinations of DPCCH, DPDCH, HS-DPCCH, E-DPDCH and E-DPCCH components, and for a range of values of associated physical channel power levels (i.e. different values of 
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). Table 1 (Appendix A) extends the results of [2] to include 16-QAM modulation on E-DPDCH for specific cases (shaded rows in Table 1). Table 1 also includes as cases ‘W’ and ‘WW’ the example link configuration of [3] (where exact compliance with 
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 quantization tables 1, 1A, 1B of  3GPP TS 25.213 is not strictly applied).
It can be observed from the results that depending on the specific link configuration the inclusion of 16-QAM on the E-DPDCH can lead to variations in CM of between 0-1.5dB compared to the case of QSPK-only E-DPDCH modulation. A maximum CM value – following quantization according to equation 
(1.1)

 – of 3.5dB was observed, suggesting MPR’s up to 2.5dB are applicable (following the rule of 3GPP TS 25.101 that  GOTOBUTTON ZEqnNum651300  \* MERGEFORMAT ).
Further optimisation of E-DPCCH and E-DPDCH physical channel scale factors is necessary before any firm conclusions can be drawn on 16-QAM related MPR values.
3. Conclusions
A preliminary analysis of the effect of 16-QAM modulation on the E-DPDCH suggests that some limited additional MPR is applicable compared to the QPSK-only case, and that MPR values of 2.5dB or greater may apply. Further assessment of equation (1.1)

 with 16-QAM, and optimisation of the relative levels of E-DPDCH and E-DPCCH are required before comprehensive observations can be made on the range of CM and MPR for 16-QAM.
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5. Appendix A – Cubic Metric vs. Waveform Type
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A Q 8 256 0 I 15 64 16 I 0 2 0 Q 0 256 64 I  0 2 0 1.53 1.88 0

B Q 15 256 0 I 0 2 0 I 67 4 1 Q 15 256 33 I  24 256 1 3.62 1.88 1.12

C Q 15 256 0 I 0 2 0 I+Q 7 4 1 Q 15 256 33 I  5 256 1 6.48 1.88 2.64

CC Q 15 256 0 I 0 2 0 I+Q, 16-QAM 7 4 1 Q 15 256 33 I  5 256 1 6.55 1.88 2.68

D Q 15 256 0 I 0 2 0 I+Q 15 4 1 Q 15 256 33 I  8 256 1 6.13 1.88 2.45

DD Q 15 256 0 I 0 2 0 I+Q,16-QAM 15 4 1 Q 15 256 33 I  8 256 1 6.18 1.88 2.48

E Q 15 256 0 I 0 2 0 I 21 64 16 Q 15 256 33 I  15 256 1 4.1 1.88 1.37

F Q 4 256 0 I,Q 15 4 1,1 I 0 2 0 I 8 256 1 I  0 2 0 3.15 1.88 0.87

G Q 15 256 0 I 8 4 1 I 0 2 0 Q 15 256 64 I  0 2 0 4.75 1.88 1.72

H Q 8 256 0 I 15 4 1 I 0 2 0 Q 16 256 64 I  0 2 0 2.72 1.88 0.64

I Q 15 256 0 I 0 2 0 I 34 32 8 Q 5 256 33 I  30 256 1 4.88 1.88 1.78

J Q 15 256 0 I 0 2 0 I 47 32 8 Q 8 256 33 I  8 256 1 2.12 1.88 0.32

K Q 15 256 0 I 15 64 16 I 60 4 2 Q 15 256 64 I  15 256 1 3.99 1.56 1.58

L Q 15 256 0 I 15 64 16 I+Q 168 2 1 Q 5 256 64 I  9 256 1 1.71 1.56 0.12

LL Q 15 256 0 I 15 64 16 I+Q, 16-QAM 168 2 1 Q 5 256 64 I  9 256 1 3.93 1.56 1.55

M Q 15 256 0 I 0 2 0 I+Q 21.2 2 1 I 0 2 0 I  15 256 1 4.46 1.56 1.89

MM Q 15 256 0 I 0 2 0 I+Q, 16-QAM 21.2 2 1 I 0 2 0 I  15 256 1 5.39 1.56 2.48

N Q 15 256 0 I 0 2 0 I 95 2 1 Q 15 256 33 I  30 256 1 3.57 1.56 1.31

O Q 15 256 0 I 0 2 0 I+Q 42.4 2 1 I 0 2 0 I  15 256 1 3.06 1.56 0.99

OO Q 15 256 0 I 0 2 0 I+Q, 16-QAM 42.4 2 1 I 0 2 0 I  15 256 1 4.7 1.56 2.04

P Q 15 256 0 I 0 2 0 I 150 2 1 Q 15 256 33 I  30 256 1 2.61 1.56 0.7

Q Q 15 256 0 I 15 64 16 I 30 4 2 Q 15 256 64 I  15 256 1 5.4 1.56 2.48

R Q 15 256 0 I 0 2 0 I+Q 9 2 1 Q 15 256 33 I  8 256 1 6.44 1.56 3.16

RR Q 15 256 0 I 0 2 0 I+Q, 16-QAM 9 2 1 Q 15 256 33 I  8 256 1 6.58 1.56 3.24

S Q 6 256 0 I 15 64 16 I 15.2 32 16 Q 2 256 64 I  12 256 1 7.03 1.56 3.53

T Q 8 256 0 I 15 64 16 I 25.1 32 16 Q 6.4 256 64 I  10.1 256 1 6.02 1.56 2.88

U Q 15 256 0 I 6 64 16 I+Q 134 2 1 Q 15 256 64 I  15 256 1 1.87 1.56 0.22

UU Q 15 256 0 I 6 64 16 I+Q, 16-QAM 134 2 1 Q 15 256 64 I  15 256 1 4 1.56 1.59

V Q 8 256 0 I 15 64 16 I 40 16 8 Q 8 256 64 I  12.8 256 1 5.03 1.56 2.25

W Q 7 256 0 I 0 2 0 I+Q 17.4 4 1,2,3 I 0 2 0 I  3.5 256 1 5.8 1.56 2.74

WW Q 7 256 0 I 0 2 0 I+Q, 16-QAM 17.4 4 1,2,3 I 0 2 0 I  3.5 256 1 6.54 1.56 3.22

CM (dB)

DPCCH DPDCH E-DPDCH HS-DPCCH

Raw CM 

(dB)

Signal

E-DPCCH

K


Table 1 – CM vs. waveform type.
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