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54) JOINT OPTIMAL POWER BALANCE FOR CODED/TDM
CONSTITUENT DATA CHANNELS
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(57) A method of balancing transmit signal power among a plurality of constituent Welsh channels in a CDMA
celleular communications system, comprises the steps of: (a) determining a pilot filter bandwidth and a quality for each
channel; (b) determining {E. /I data §11; fOor €ach constituent Welsh channel, based on Eyy/ [yand processing gain data

G datas OT B/ Lo idata = EW Lo - G datq > (¢) determining an optimum pilot E/ [, requirement for each constituent Walsh
channel, or {E, / I, :pﬂot}:i, where 1 ={fundamental channel, supplemental channel, control channel}, using

(see above formula) (d) selecting a maximum pilot E¢/ 1, or max{E¢ /1 imiloth i and {E¢/ly idatasii> tor each constituent
Walsh channel 1n step (b).
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Abstract of the Disclosure

A method of balancing transmit signal power among a plurality of constituent
Walsh channels in a CDMA celleular communications system, comprises the steps of:
(a) determining a pilot filter bandwidth and a quality for each channel;
(b)  determining {E. /I, | gata ) | for each constituent Walsh channel, based on Ey / 1
and processing gain data G gapa » OF Ec /I | gata = Ey/Is- G datas
(¢) determining an optimum pilot E / I, requirement for each constituent Walsh
channel, or {E¢ /I | pitot } 1 s where i = {fundamental channel, supplemental channel,

control channel}, using

{E¢ M olgara tl _ J(R-SNR)72B(I+SNR); and
(Ec / Iolpitot 1

(d) selecting a maximum pilotE./ I, , or max{E; /I, | pilot }1;and (E /I gam } i
for each constituent Walsh channel in step (b).
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1.0 Power Balance of RL Code Channels -
L Ruvere bl | Lo MR Sl Yo Bave A

As in Ref [1] and (2], in this contribution, we propose to use the default table stored in the
MS for the initial set up based on the optimum power balance for the constituent Walsh

(ﬂuﬁﬁﬁﬂgf“‘ HQLA@ N N

The optimum pilot and data channel power balance is function of (see Ref [2])
* Processing gain of the constituent code channel (data rate)
* Pilot estimation accumulation window size (pilot channel filter bandwidth)

* QoS requirement of the constituent code channel (BER/FER, coding, frame size)
Q“&;\.l Qrorcy
For the simplicity of the base station pilot processing, the pilot estimation window is pre-
ferred to be fixed, such a window size is limited by the worst case of the Doppler fading a
nd cammer offset. Using the fixed pilot processing window, the pilot power can vary under

different configuration of data channel rates and QoS.

o
On the other hand, due(the variable rate employed in the fundamental channel, especially

for a voice call, the dynamic optimum power balance can vary even frame by frame. In
order to simply the base station implementation, we consider the following constraints as
in [4}:
* Maintain the same pilot Ec/lo for the all the fundamental channel sub-rates by
using a fixed threshold for pilot based power control.

* Maintain the FER=1% across all the fandamental channel sub-rates.
N o Botoe Qade
We chose the optimum power balance solution in the AWGN channel as the initial default

value. In reality, the optimum power balance can vary

* With the increase of processing gain for the data channel, the pilot overhead
Increases.

* With the increase of number of multi-path, the pilot over head increases.

However, our studies show the optimum power balance does not vary drastically as the
channel condition varies, we have the following conclusions:

* The overall power balance difference does not exceed 9% of the optimum power
balance as ﬂglf: E}Xlei’ gh faded multi-path number increases from 1 to 4.

- W : ‘\'u n?\\“ w\o
* The SNR loss exhibits a flat region around the optimurm balance, the loss does not

exceed 0.1dB as the Rayleigh faded multi-path number increases from 1 to 4.

!n t.h.is Case, we recommend to use the optimum power balance as the default table to min-
imize the messaging required to assign the initial MS power balance. Therefore, the power
balance will change on-the-fly if the QoS is for a specific constituent code channel is
changed. This can be done via the messaging defined in [2].

CA 02262315 1999-02-19
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The basic parameters required to define the default table is listed in Table-1.

Table 1: Reverse Link Attribute Gain for 20ms Frame
“tvavyt | Requirement |  DataRate:
- (Ges) I T .
§ | © | &9 | 24878 |

* m
e
—

-::--.mm
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2.0 Joint-Optimal Walsh Channel Power Gain

P.a7?/29

We propose to use the following joint optimal constituent Walsh channel gain assignment
strategy to configure the power balance:

STEP-1: Determine the plot filter bandwidth and default QoS

STEP-2:

STEP-4:

operation point, E,/f, for each constituent Walsh
channel.

Determine the {E/1,| }| for each constituent Walsh

atla .
1

channe], based on E,/I, and processing gain G,,,, 1.e.
Ec/!old‘m = Eb/‘,a"'Gdnu

Compute the optimum pilot B/, requirement for

each constituent Walsh channel: {£./1, |ﬂm}| , where
{
i = {fund, supp, control)} DY uSing
{E/Io‘dcu} , Eg.1
el = R SNRY/2B(T 7 SVR)
{E/T, p“m}i ( NR)/2B(1 + SNR)
i

Select the largest pilot E/1,, i.e. max{E/l,| '} and
pilor |
{E/1,], } for each constituent Walsh channel in
aia K
STEP-2

As a comga:ison, a per-constituent Walsh channe] gain assignment (so-called 1-D table
approach) is proposed in Ref. [2]. The basic procedure of such a approach 1s as follows:

STEP-1: Determine the plot filter bandwidth and default QoS oper-

STEP-2: Fix the £_/1,

STEP-3: Compute £_/1,

ation point, £,/I, for cach constituent Walsh channel.

L . for all constituent Walsh channels.

ldatu

for each constituent Walsh channel (Eq.1)

f&s We can see t.he 1-D table based power assignment depends only on the data rate for
individual constituent Walsh channe], while the Joint-optimization based power assign-

ment proposed m Ref[1] (M-D table approach) depends on the data rates of all the constit-
uent Walsh channels

CA 02262315 1999-02-19
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We can show that the 1-D table based approach will assign excessive power for low rate
constituent Walsh channel, i.e. the fundamental and control channel, while the joint opti-
mal approach will guarantee the minimization of the power assigned to each and constity-
ent Walsh channel and also the total MS transmission power

In what follows, we present an example of the initial power assignment for the RL constit-
uent Walsh code channel. In Table.2, we compare a typical scenario where one low rate
convolutional encoded fundamental channe]l and a high rate supplemental channel are
operating simultaneously in a 1X system. The pilot estimation filter bandwidth is chosen
as 230Hz. Note that the pilot Ec/Io is determined by the high rate data channe] SNR at the

decoder input with respect 1o the targeted QoS.

As we can see, following the Qualcomm 1-D table approach in Ref [2] [4] [5], the funda-
mental channel will transmit 4.5dB excessive power. Thus results in a 0.55dB of tota] E¢/
[o increase. This non-optimal power assignment will cause the following consequence:

* BS need to send 4.5/0.25=18 correct message to minimize the fundamental power
to optimal level.

* The closed loop power control will adjust to decrease the total MS transmit power
to the target FER=1% (fundamental starts @ FER<<1%), then the supplemental
channel will fai} to operate.

* The excessive fundamental channel power will take additional 3 voice capacity in
the cell.

From Table 3 and 4, we can see the excessive transmit power is not improved as suggested
in Ref [5).

TABLE 2. Comparison of 1-D and M-D Based Power Balance for 1X System (Fund: 3.6kbps/Coav, Supp: 153.6kbpe/Turbdo)

R P Y I e I P e
T T N I . T N T R T
¥ [ Sw | | e | v | onb | awe | s | am
I T N T N ™ T N T R T
I BT P e T R
I Y T T T N T R G
I S I N T T S B
o Bewwre [0 em [ o Tem ]

Table 2 shows the 1X system with low rate fundamental (convolutional) and high rate sup-
plemental (Turbo) power assignment for M-D and 1-D approaches.

Table 3 shows the 3X system with low rate fundamental (convolutional) and high rate sup-
plemental (Turbo) power assignment for M-D and 1-D approaches.

Table 4 shows the 3X system with low rate fundamental (convolutional) and high rate sup-
plemental (Conv.) power assignment for M-D and 1-D approaches.

CA 02262315 1999-02-19
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TABLE 3. Comparicon of 1-D and M-D Based Power Balance for 3X System (Fund: 9.6kbps/Conv, Supp: 153.6kbps/Turbo)
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TABLE 4. Comparfson of 1-D and M-D Bascd Power Balance for IX System (Fund: 9.6kbps/Conv, Supp: 460.8kbps/Turbo)

T T Y T .
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TABLE §. Compaxison of 1-D and M-D Based Power Balance {or 3X System (Fund: 9.6kbps/Conv, Supp: 460.8kbps/Conv.)

N P PV I T R U Py ey

T T T A 2 R R B T O R T
WD | Sw | % | wom | wes | e | oee | sew | <o
IR R A T S A N T N T
I B Py ey e R R
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Comments: In terms of total Ec/To, use Turbo coding can reduce the high rate user Ec¢/Io
by 2dB. However, such a reduction is contributed from the lower operation Eb/Io operat-
ing point of Turbo decoder. Instead the optimal Pdara/Ppilor Value for the convolutional and

Turbo coding does not vary much. This means that the value of Paaia/Ppijor it RL attribute

gain table can be does not vary significantly with respect to convolutional/Turbo coding,
single/multi-frame interleaving and antenna diversity.

e e ————— L ———— N T e e s e T D T Ty
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3.0 Default Power Balance Table

Based on the discussion above, we propose to use joint-optimal M-D default table for the
initial power assignment of the constituent Walsh channel. In Table 6, we present all the
combinations of the 4 constituent Walsh channels (R-PICH, R-FCH, R-SCH-1, R-DCCH)
with convolutional coding. We are working on the extension of the table to include the
cases with the presence of R-SCH-2 and Turbo coding.

Table 6: Walsh Channel Power Balance Default Table for 3X System

T L S Froe

-m . Eoto Ecllo
R-SCH P P P P
[4B) RA-SCH R-DCCH [e8) R-OCCM
M’P‘) -- MP‘) H-

—m— T m-':-m
w72 | 204 | 43 [ @8 [ 128 [ 76 mmmmmm
208 | 26 [a1 | a2 ] 124 | v § 192 [ 200 | 26 | 40 | 73 | o8
s | o |48 [ ae] 123 | 45 § wa | 26 | 32 | 48 [ es | o2

| ms2 J 221 a6 9 | v T so b oes [Tams [42 [ 54 | &1 | oa
] B0 | 07 [ a1 ] 102 | a2 | ] ----—

R-FCH "n-ncu Pr.ren Prser | Prwecn § RF Pr.rcH Preer | Paocew
[kbps) ra:' [dB) (dB]) [dB) [kb [3B] (dB) [dB]

CH | Prpion
ps]
n | 48 | OFF | 40

| 80 | OFF | OFF _ s ] offF [
@1 | OFF | OFF |
n A2 | OFF | OFF ﬂ 0 | oFF [ a3 |
| 48 | OFF | OFF 002 | OFF | a3 |
Pn.mcu Prres Preow | Procen R- FCH "n-mcu PRrex Prgen | Procen
R -E-mm 82 ] OFF | o0s8 |
| 72 17 82 | ofFF | 28
e | 26 1 mm n -:-m—
. 9 | ofF | off | [ ] o8 | ofFf [ a1

Table 6 consists of 3 major parts.
* CONFIG-1: R-PICH,R-FCH, R-SCH-1 and R-DCCH operate simujtaneously.

* CONFIG-2: R-PICH, R-FCH and R-DCCH operate simultaneously without R-
SCH-1

* CONFIG-3: R-PICH and R-FCH only.

The gain assignment for R-SCH-1 R-FCH and R-DCCH are relative to the power of R-
PICH with associated R-SCH of R-FCH data rates:

* Pr_scn-1=Pr_ricH +Pr_sch-15
* Pr_peew=Pr_prcy +PR pecks
* PUCH:PUICH +PR_FCH,wheIe R_FC}I:PR_FCH(B aSB)+PR-pCH(OﬁS et).

_—'_-—"‘——-'———'———_-—.__._._.____________-
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Figure 1 represents the power distribution profile of the joint-optimal power assignment.
As we can see, in the presence of high rate R-SCH, the power assigned to the R-FCH can
be significantly lower than the R-PICH, to reduce the excessive power on R-FCH, which
using -1D default table technique, the power of R-FCH is always higher than the R-PICH.

FIGURE 1. Power Distribution of Constitaent Walsh Channels with Joint-Optimal Assignment

2-Fundsmental |
3-Supplemental
4.Control

Summary

In this contribution, we show that the joint-optimal power assignment based M-D default

table for the constituent Walsh channel has significnat advantages over the per-constituent
Walsh channel based 1-D default table approach:

» Minimize excessive power for the lower rate data channe] (by 5dB)
« Mininize the totoal MS excessive transmit power (by 0.5dB)

« Mininize the frequency of meesage form BS toadjust power of each lower rate con-
stituent code channels (by 18-32 mesg.)

« We propose to adopt joint-optiaml default table for MS to minimize the RL inter-
ference

____—_—_M
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1.0 Introduction

In ¢cdma2000 standard, the reverse link consists of 4 orthogonal channels which are Walsh
code division. There channels are the pilot, control, fundamental, supplemental channels.
The optimum balance of the channel gains among these 4 Walsh channels will have a sig-
nificant impact on the overall system performance and capacity. In this memo, we present
a solution for the opumum gain balance for the conventional Rake receiver. However, such

a gain balance strategy may be significant different when the advanced receiver is
ermployed at Base Station, ¢.g. Multi-user Detection.

FIGURE 1. ¢dma2000 Reverse Link Walsh Channel Mutiplexing

‘9
Ked Bink OO
S My
Ry Lan.,
Rorer W o Begrugoe e

In order to compute the optimum gain balance among the Walsh channels, first we need to
compute the signal-to-noise ratio and transmission power requirement for pilot, control,

l‘ 0 |
. -
..a.
Al
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fundamental and supplemental channels. As defined by IMT-2000, we have the following
requirements:

TABLE 1. Performance Requirements Data Channels

Periormance | _BeR=10* | veR-w? | BER=ieS

The fundamental channel 1s assumed to achieve FER = 1% and the control channel

requires to have BER = 107, Base on this requirement, we can find the signal-to-noise
requirement for conventional demodulator for AWGN one path channe] in Table2

1.2 The Optimum Orthogonal Walsh Channel Power Balance in AWGN
Channel

1.2.1 SNR Loss for Pilot Assisted Quasi-Coherent Reception

In Figure 1. Here, S - is a vector for data chanuel, € - is an interference vector in the pilot

channel, i - 18 an interference vector is in data channel and, E = S + E -is channel vector
from pilot channel.

FIGURE 2. For the quazi-coherent receiving loss estimation
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Write the average signal-to-interference ratio at the decision device input in the following
manner:

0

A — W P A

2262315 1999-02-19
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2
> 5 I*
{E[me(s +3IE )]}
2
r=— Ban. (1)

E [(ﬁe(g' + iﬁ:"’)ﬁ - {E [Sﬁe(; + ilz'*)]}

where E[e] - is an avexaging operator.
Assuming the real and imaginary components of the interference vectors E and % are zero
mean Gaussian distributed. We have, E[{’] = E{yv’] , EW) = E[8%) .
a12
E[Cz ‘ Yzl = E[\Vz . 52] and X +y2 = |S| . Then,

| ) |s|°

M = Eqn. (2)
S’ B+ 18- Bl 42 - Bl - O

If the interference in the pilot channel and data channel are statistically independent, hence
E [72 - Cz] = E['f ] - E[gz] and the above expression can be re-written in the following

form:
T E— .09
SI°- B+ IS - E(C 42 B - ELCYY
and furthermore,
r* = -—————-—-—-}—-—-—-——-— - Eqn. (4)
ElY], EICY, , B E(G) .
; 5 +2- —
s° s Gk
Note, E[Czj % o',, , Where cf - .is the noise power in the data channel and,

E[V2 ] = % - oe , Where 03 - 1s the noise power in the pilot channel. Therefore,

T

i ﬁ—__—__—________.___——-—-—w—-"-_m o
B
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= iﬁ)ﬁ’ Eqn. (5)
7D+y§,+1
where

) 'fn - is the signal-to-interference ratio in the data channel,

. yf, - is the signal-to-interference ratio in the pilot channel.

In the case of the ideal coherent reception, the signal vector becomes E = § N and .
D -

the average signal-to-interference ratio at the demodulator input is

r‘:m = 2- Y}', Bqn. (6)
Conas
In this case, the loss associated with the signal vector errors can be defined as L = o
Hence,
'fp + 'y,z, + 1
L = ——YT“—" Eqn. (7)
P

The following step are taken to determine the pilot signal level:

 To determine the relative pilot channel power for the fundamental, supplemental
and control channels, independently; .

» To normalize three obtained pilot channel powers based on relative data channel
powers for each fundamental, supplemental and control channel transmission com-
bination;

* To use the pilot channel with the highest level among the sclected fundamental,
supplemental and control channel.

TABLE 2. Input SNR for Fundamental, Supplemental, and Control Channels

dB cient

Funde e | es T e 1 aams | e -
montal
o2& | 288 | omses | 2
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TABLE 2. Input SNR for Fundamental, Supplemental, and Coatrol Channels

dB8 elent

e I S N I
72 [ m [ ouw | am
—we [ we  [ aw | e

I S S R N N
S e 1w | wes | ew
—es | e | wwm | s
I N N N

s | vems
$5.802 146.904

440.961
T e e

In order to compute the optimum pilot channel power level, we need to minimize the

following equation:
- - I_z - (I—PP)’GD
reg .
Fr-L Eqn. (8)
=(I—PP)'.GD' PP‘GP
P! (I“PP)'GD+PP'GP+P’
Where

* L -SNR loss for pilot channe] estimation defined in Eqn. (1);

+ T, - the required SNR for the data channels, (last column of Table.2)
* Pp - pilot power

* P,- multi-user interference power in data channel;

* Gp - pilot channel processing window;

* Gp - data channel processing gain

T MM S == = ===
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The optimum pilot channel level is determined such that required SNR is achieved at the
highest interference level in data channel. From Eqn. (2), Py, ¢an be written as:

Eqn. (9)
P, = /D - =Py - Gp+ Py Gy
z'lfiq )
where,
2 Y
, D =T, -((1-Pp)-Gp+Pp- Gp)
+4-T,,. Gp-Gp-Pp-(1-Pp) Eqp. (10)
We need to find the maxp {P,}, with respect to the pilot channel power Pp, i.e.
4 P/(Pp) =0
2?}; 1( p) = V. Eqgn. (11)

We have the solution:

. 12262 - 2T2GGp - 4G pGp + 2T G, Gp + TG Gp - 2T GL G
P e e —————————————— T e S

2 I*Gp-2IGpGp+ I Gp—4GpG;

2T2GHGh +T*G,Gp + GGy,
I‘sz —2r” GpGp+ I‘sz, -4GpGp

—I‘ZG%) + rchGP -+ 2GDGP g .’I‘ZGDGP(- GD + GP)2(1 + rz) )

r*Gp-2I°GpGp + G ~4GpGp

S : Lo Pp*
The relative pilot channel signal power can be written in the form ———, where P p - is

PO
- Pp*
the solution of the above equation.

Due the lengthy expression of solution for Eqa.5, we present its numberable solutions by
incorporating the Table.2. Considering the worst case of Doppler fading and carrier offset,

15

W = e ST —n A AP — Ay Cme eramn
RS T PR s
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we chose the pilot accumulation window size as: Gp = 3072, we obtain the optimum
power balance in Table 3 and Table 4 for the Rate Set-1 and Rate Set-2, respectively.

TABLE 3. Walsh Channel Power Balance for Rate Set-1 (¢dma2000 Reverse Link)
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TABLE 4. Walsh Channcl Power Balance for Rate Set 2 (cdma2000 Reverse Link)
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1.3 Recommendation to cdma2000

Based on the results in Table 3. and
: 4 the ' '
o080 020 e o T s gaéfas for 4 Walsh channel in the reverse link of
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Table 5. Walsh Channel Gain Coefficients for Rate Set 1 ¢dma2000 Reverse Link
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2.0 Walsh Channel Power Balance for the Multi-Path
Fading Reception

2.1 Graph-Method

The analytical solution for the optimum Walsh channe] gain balance in the presence of
multi-path fading is very complex. In order to find the practical solution, graphical method
is developed. In the following, we describe step-by-step the technique we used:

1. To balance the power between pilot channel and data channel separately.

2. To define the balance between the data and pilot channels based on the criterion of
minimum signal energy loss with respect to the ideal coherent receiving. These
losses are defined by the following equauon:

Loss(k) = 10-log(l —Pp)+LE( s ) Eqn. (12)

» The coefficient Pp<1 represents the pilot power percentage in terms of
total reverse channel power, i.e. the pilot overhead.

 The function LE( e )-represents the demodulation loss of quasi-coberent
demodulation with respect to the ideal coherent demodulation.

3. To define LE( e ), we need to know the ideal coherent receiving performance

expression. This expression can be obtained by the using the generalized equation
(see Appendix B).

For the cdma2000 reverse link, the resulting equations are of the following form:

P,(Y,) = Ql f (m—1), ,f (m+ 1) (m2 1)) exp (-, (m? + 1)) Bqn. (13)
when N=1
P,(Y,) = ©,(a,b)=Iy(ab)- exP[—%(az-t-bz)] _.
In(ab) - exp|—= (a"+b2) ‘cxp -l(az-i-b‘)
N-1 N-1-n i} .
<3 nen 3 (5[ -6))
n=1 k=0 Egn. (14)
when N>1
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where:

a=(m-1)- %'Tb b=(’"“'“'.’%"¥b

Y, - SNR at the Rake receiver output.

m’ = P p/ Pp, - represents the percentage of the pilot channel power with respect
to the data channel power.

The Eqn.7 and 8 are true for AWGN channel, For the fading channel, we have the .
following expression.

Y

- e 1 =
Py = P2('Yb)'_—_=i'7b_l"97'd7b Eqn. (15)
{ (L“-l)yn:
where:
b ~ .
Ye=N- SNR at the Finger output,

The accuracy of the equations (7) - (9) is confirmed by the cornputer simulation.

Figure 16 shows BER performance curves of the coherent receiving in one-path
AWGN and fading channel for the different values of the coefficient m. As 1t can
be seen, the more the value m, the more the loss with respect to the ideal coberent
receiving. The loss are also decreased with the increasing of the absolute SNR
values in the information and pilot channels. The dependence of the real coherent
receiving energy loss with respect to the non-coherent one on the value m can be
obtained by selecting an error probability level BER from the above curve family.

Evidently, this dependence will be true function LE( e ). The value mis defined
by the equation:

PG ' Eqn. (16
m (1"‘PP)'G.D qn. (16)

4. The Graph-Method is in the following. The function LE( e ) is tabulated in
details for a valuc BER using the great number of the BER curves for the different

values m. The optimum balance value P, = Py is defined by minimizing the
equation (6) with respect to k for the specified Gpand Gp.

'y
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FIGURE 3. BER at quasi-coherent one-path receiver output

BER Performance of One-Path Quasi Coherent Receiver
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0.3 sen REEERL CCEEREEEEELEEE: BN =1

BER

0.05

2.2 Discussion on the Graph-Method

Based on the different propagation channel model, the real coherent receiving BER is

determined by different expressions, hence, the associated loss function LE( o ) is
different. The optimum balance should be re-calculated, e.g. with respect to the different

number of the received multi-paths. On the other hand, the LE( + ) function calculation

1s required once for the selected BER value. Equn. (10) is only changed for the different
transmission rate values. Since the required BER before the Viterbi decoder is within the
range of 14-18%, we can apply one value of BER=18%, since the BER curve slope is
approximately the same in between BER=14-18%.
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3.0 Application of Graph-Method to Compute Gain
Balance for cdma2000

In the following, we consider to apply the Graph-Method for the computation of the
cdma2000 reverse Walsh channel power balance.

1. The Graph-Method application allows to set the optimum balance between two chan-
nels (data and pilot channels). With this aim, the processing gain and the table of the

LE( « ) function values cotresponding to a specific propagation channel model

should be defined for data and pilot channels.

2. Once the balances between the Control and Pilot, Fundamental and Pilot, Supplemental
and Pilot channels are obtained by the Graph-Method described in section 2.1, then
optimum balance between all these channels is calculated based on the approach dis-
closed in Section 1.2. '

3.1 Optimum Power Balance for Multi-path Fading Channel

Since the power balance in the cdma2000 reverse channel is defined by a sct of particular
balances between two channels, the study of the reception environment impacts on the
balance between the data and pilot channels is sufficient.

The fundamental, supplemental and control channels can be considered as an information
channel with a certain processing gain. hence, the information channel processing gain

G 44¢, 10 the cdma2000 reverse link is within the range of 2 - 568, In Table 7, the optimum

power balance between the data and pilot channels are calculated using the Graph-Method
for a certain values G,,,, depending on the reception channel environment.

Table 7. Power Balance for Multi-path Fading Channel

Gewa
@tory | Nt Lo [ w2 | o | et

2 s s s _Js [T
K SR R - R
ED R A N R
76 4 00 |»w 00 | 0 f»m 0 [«

The analysis of Table 7 indicates that:

* with the increasing processing gain G4,,, the power allocated to the pilot channe)
Increases.
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o with the increase of number of multi-path, the power allocated to the pilot channel
increases.

Note, that the power balance change does not exceed 9% with the increasing of number of
multi-path from 1 to 4.

3.2 Justification of Optimality of Power Balance

Figure 2 represents a typical loss function plot, defined by Eqn. (6), with the specific
parameters Gy,,, = 96 and N = 3 in the fading and AWGN channel environment, Itcan

be seen that over 2 wide rang the losses vary slightly and insignificantly. For example, the
difference between the losses in 0.1 dB (approximately) at Pp=19% and Pp=25%

FIGURE 4. Relative Loss w.rt. Ideal Coherent Reception

Relative Loss to ideal Coherent Receiver
5.5

.............................................

0 10 20 30 40 50 60
parameter Pp

The same results can be obtained for different processing gain and oumber of multi-path.
The power balance values (see Table 7) differ little for the different muliti-path number.
Hence, the average balance value in the line of Table 7 is reasonable for a particular

Gy, - In this case, the loss is less than 0.1 dB with respect to the optimum solution
derived in Section 1.2.

i ————
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3.2.0.1 Conclusions

1. The optimal Walsh channe] power balance in cdma2000 reverse link is defined by
the particular balances between the data and pilot channels.

2. The study of the multi-path receiving optimum balance demonstrates the insignif-
icant change of the optimum balance (the pilot signal power should be increased)
with the increasing of the equal power path number from 1 to 4.

3. The optimum balance change range corresponds to a flat region of the loss func-
tion, therefore, the average balance value can be selected for any path number

with the loss is not more than 0.1 dB.

4.0 Reference.

[1] J. Proakis:” Digital Communications™ Third Edition
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WHAT IS CLAIMED IS:

l. A method of allocating power to transmission channels 1n a celleular
communications system providing pilot and data channels, comprising the steps of:
(a) optimizing a power ratio of individual data channels to the pilot channel;

(b)  optimizing a power of the pilot channel obtained in step (a); and

(c) minimizing a power of each data channel obtained 1n step (a).

2. A method as claimed in claim 1 wherein the optimization in step (a) is carried out
for a desired communication quality for each data channel.

3. A method of balancing transmit signal power among a plurality of constituent
Walsh channels in a CDMA celleular communications system, comprising the steps of:
(a) determining a pilot filter bandwidth and a quality for each channel;

(b)  determining {E_./ ;| 4ata } | ; for each constituent Walsh channel, based on E, / 1
and processing gain data G 4,,., , OTE. /151 4ata = Bp / Iy - G gate

(c) determining an optimum pilot E_ / [ requirement for each constituent Walsh

channel, or {E. /I, | 5ot } 15, where i = {fundamental channel, supplemental channel,
control channel}, using

{Be Tlolaaa _  /R"SNR)72B(1+ SNR); and
(E¢ / Iolpilot Hh

(d)  selecting a maximum pilot E¢ /I, , or max{E¢ /I | pijor } |j and {Ec /1l gaa } 15
for each constituent Walsh channel in step (b).

26

¥k TOTAL PAGE.29 xx
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