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Power control 15 used to balance powers of the CDMA system users, so that no
one creates too much interference to destroy the quality of communication of other
users. In previous papers, the optimum power vector was found by inversion of a non-
negative matrix related to channel gains and crosscorrelations. But all the models
studied assume only one flow type at each node. In practice, users may have multiple
flow types that have different QOS5 requirements. Each node has only one transmutter,

1e., only one power level 15 available 1n the uplink for &ll F How types.

Model

¢ Power controlled synchronous CDIA system wnth total degrees of freedom L
¢ A base station and IN users (nodes).

¢ Each user has F flow types wnth SINE. requirements B =fy = 2.

¢ Only one power level avalable at each user for all of 1ts flow types.

¢ Base station has only one power level to transmit to all users and flow types.

¢ Users and base station can adjust power levels to satisfy SINE requirements.

¢ Matched filter recerver to detect signals at users and base station
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¢ What 15 the conditions for the power contrel problem to have solution if fed sequences
are used ¢
¢ What 15 the optimum (mimimum) power vector ff solution exists?
¢ What are the optimum sequences to mimmize the total power of all users f optimum
power vector 15 used?
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& What 15 the minimum power assignm-snt of the base station to satisfy the SIE.

r&quir&m&nts if fred seqUences are used ¢

¢ VWhat are the n:::-ptimum sequences to tninimize that powet assignment ¢

Uplink Analysis

SIPECIAL. CASE OF F=1

¢ This goes back to the typical power control problem wnth well-knewn solution.

oIt p<lfp, 1ssatshed, then solution exists.
¢ The optimum power vector 15 P* = .;33[3(1_ E;.A:]'l 1

[, 15 the Perron-Frobenius ergenvalue of non-negative matriss A

Proposition: The optimum sequences to minimize the total power in an uplink
power-controlled CDMA system with SINR requirement £ are the Welch-
Bound-Equality (WBE) sequences for N=L, and othogonal sequences for

N = L. The corresponding optimum power vector is
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This inplies that 1+1/F 15 the manmum number of users per degree of freedom.

SIPPECIAIL. CASE OF N=2

P za +bF, andP,z¢c, +4,P, f=1,2,..F,
e Bf'jz :-bf i Bf&{lﬂ o BTGQ :-df _ Bi‘Oél .
=B fom—1) 1-flom-1) 1= (e-1)  1-f (%)

Proposition: In the N=2 uplink power control problem with common SINR
requirements, the solution exists if and only if

1 1 1
il 0 — 1210 F and > mazx (d ).
B B fﬁ.:ﬁﬁﬁ'(bfj £-12,..F
The optimum power vector 15 the intersection of the 2 curves B =fTﬁF{af +b; Py}
and F,= max {e+ &P - Iteratrve algonthm can be used to find the minimum power
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solution in this fixed point problem.
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Example of N=2 and F=2
¢ The sufficient and NECEssary

condition to have solution 1s
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¢ The follownng tterative algonthm

converges to the c:-ptimum wvector,

2l ma}:{al +0, P a, +1:|2F2m} :

IZ‘Jiﬂll = ma:{[cl + |:11_1:'1til',|::I + dIle].

GENERAL CASE OF N>1 and F>1
P=IP), L{P}=f4mjaxj[ﬁ[AHJPL+§G2],i=1,E,...,N.

Proposition: If P=I(P) with I(P) defined above has solution, then the iterative
algorithm p@+ _ pp®y converges to the optimum power vector .
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Downlink Analysis

2
¢ The minimum power level of base station, P, satisfies I;, = mfin [1 + Bi—m_ax I:t.f] .
¢ Peasible B¢ should satisfy 1 g _1 - *

SI'ECIAL. CASE OF F=1
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Proposition: The optimum sequences to minimize the power in downlink
CDMA system with SINR requirement £ are WBE sequences for N=L, and
orthogonal sequences for N =L . the minimum power assignment is
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> This inplies that 1+1/p 15 the maxzimum number of users per degree of freedom.
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SPECIAL CASE OF N=1
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¢ For IN=1 special case, both downlink and uplink are point-te-pomt hink
¢[f F=L , then orthogonal sequence 15 the optimal sequence.

¢ [f F=L, the problem 15 now % mfin [l+é—ﬂfJ .

Proposition: The set of solutions for msa:-:mfin [1+é— cxf] with f<p. = =5

includes solutions that satisfy o« >c = =«

GENERAL CASE OF N>1 and F>1

Proposition: The set of optimal solutions of mazmin [1+ i—miamf] with
f

B =B; = = includes solutions that satisfy o, = o, and o, 202 20,

SUMMARY
“We studied a power controlled CDMA system wnth N nodes and F flew types wnth

the constraint that each node uses the same power level for all flows.

¢ For the F=1 case, we found that for both the uplink and the downlink if N>, the

optimum sequences ate WDBE sequences, and the user capacity 151+1/p users per degree

of freedom. Alsof W £L , the eptimum sequences are orthogonal.

¢ For the uplink preblem wnth IN=2 and F arbitrary, the necessary and suthicent
condittion to have a selution was found and proved We extended the results to IN=2
with different flow types at the two nodes by minor modification of the notation,

¢  For the general IN=1 uplink problem, we prowided an iteratrve algonthm to find
the optimal solution and proved its convergence. Also, the results were extended to the
case with different flow types at nodes.

¢  For the downlink case with F>1, the power assignment problem was solved and

Sotne prop&rties of the c::ptimum sequUences were pmved.



