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Methods for doWnlink poWer control in Wireless communi 
cation systems are provided. In response to a transmitter 
poWer change request from a mobile terminal (110) over a 
Wireless connection, a base station (122) determines a poWer 
control parameter based on its current total transmitter 
poWer PDL. The poWer control parameter preferably relates 
to a maximum connection-speci?c transmitter poWer, a 
poWer step siZe and/or a poWer increase probability, and is 
used by the base station to distribute transmitter poWer pi to 
the connection. 
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POWER CONTROL METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to doWnlink power 
control in Wireless communication systems, such as Wide 
band Code Division Multiple Access (WCDMA) systems. 

BACKGROUND 

[0002] The main resource in a WCDMA doWnlink is the 
carrier poWer of the base station. The maXimum carrier 
poWer limits the number of users that can be served, the 
service quality as Well as the coverage of the base station. 
Each connection needs suf?cient dedicated channel poWer to 
meet its associated quality requirement in terms of block 
error rate and thus provide acceptable perceived quality of 
service to the end user. Nevertheless, it is also important to 
utiliZe the poWer ef?ciently and not use more poWer than 
necessary, and therefore the transmitter poWer in the base 
station is regularly updated. 

[0003] In WCDMA, fast poWer control is standardiZed for 
both up- and doWnlink The user equipment (UE) sends 
transmitter poWer control (TPC) commands, i.e. ‘poWer up’ 
or ‘poWer doWn’ indications, to the netWork. These com 
mands are used in the base station to update the dedicated 
poWer of the UE. The default algorithm is to step-Wise 
update the poWer, using the TPC command to de?ne Whether 
the neW poWer value is to be the previous poWer value plus 
or minus a ?xed poWer step siZe. Provided that saturation 
does not occur, the poWer control command is alWays 
granted. There are tWo options associated With the default 
poWer control algorithm, the ?rst of Which reduces the risk 
of misinterpreted TPC commands, and the second limits the 
poWer raise of the poWer control through a sliding WindoW 
siZe and a threshold. 

[0004] The standardiZed poWer control algorithms in 
3GPP are primarily designed for situations When it is pos 
sible to ful?l all service requirements and the mutual inter 
ference can be compensated for. HoWever, since the radio 
environment is time varying, situations may arise Where 
there is not suf?cient carrier poWer in the base station to 
ful?l the service requirements of all users and there is a risk 
for unstable system behavior Wireless communication 
systems are generally provided With means for admission 
control and means for disconnecting services, but these are 
relatively sloW and not designed for handling system insta 
bilities. Therefore, there is a need for mechanisms that are 
able to handle this on a small time scale With fast actions. 

[0005] Several alternative poWer control algorithms have 
been proposed. In [3], for eXample, a quality target is 
gradually reduced When the dedicated channel poWer is 
increased, Essentially, this means that users requiring high 
poWers have to put up With loWer quality. 

[0006] The international patent application [4] addresses 
the problem of diverging transmitter output poWer levels of 
tWo or more base stations With respect to a mobile station in 
macro-diversity communication. The respective base station 
transmitter output poWers for the mobile station are adjusted 
in response to the poWer control instructions from the 
mobile station and the respective current base station trans 
mitter output poWers for the mobile station. The adjustments 
can be performed in ?Xed or continuous steps. 
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[0007] Step siZe adjustments based on TPC history, mobil 
ity speed and bit error rate (BER) probability is eg 
described in documents [5], [6] and 

[0008] Although the above solutions have resulted in 
better doWnlink poWer control mechanisms they are still 
associated With problems. A draWback of prior art poWer 
control is for eXample that there is a considerable risk of 
overallocating or temporary running out of transmitter 
poWer. Insufficient poWer resources also result in that all 
connections are “punished”, Which makes the situation 
rather unpredictable for individual mobiles. 

[0009] Accordingly, there is a need for an improved doWn 
link poWer control method. 

SUMMARY 

[0010] A general object of the present invention is to 
provide a method for doWnlink poWer control that improves 
the stability of Wireless communication systems. A speci?c 
object is to achieve ef?cient utiliZation of poWer resources in 
communication systems With shared resources. Another 
object is to eliminate the risk of temporary running out of 
transmitter poWer. Still another object is to provide a poWer 
control mechanism suitable for WCDMA systems. 

[0011] These objects are achieved in accordance With the 
attached claims. 

[0012] Brie?y, the present invention proposes an overall 
approach to doWnlink poWer control. In response to a 
transmitter poWer change request from a mobile terminal, a 
base station determines a poWer control parameter, such as 
a maXimum connection-speci?c transmitter poWer, a poWer 
step siZe or a poWer increase probability, based on its current 
total transmitter poWer The poWer control parameter is then 
used by the base station to distribute transmitter poWer to the 
connection. By considering all connections associated With 
the base station (and not only the connection that is con 
trolled) When allocating transmitter poWer to an individual 
connection, a more efficient poWer control method is 
achieved and the risk of overallocation can be eliminated. 

[0013] In some advantageous embodiments of the inven 
tion, poWer control is performed using the current total 
transmitter poWer together With other input parameters 
related to a connection-speci?c code poWer and/or informa 
tion indicating the degree of priority associated With the 
connection. 

[0014] According to other aspects of the invention, a 
transceiver node, and a communication system are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention, together With further objects and 
advantages thereof, is best understood by reference to the 
folloWing description and the accompanying draWings, in 
Which: 

[0016] FIG. 1 is a schematic overvieW of an exemplary 
WCDMA communication system in Which the present 
invention can be used; 

[0017] FIG. 2 illustrates doWnlink poWer control messag 
ing in accordance With the present invention; 

[0018] FIG. 3 is a How chart of a method for doWnlink 
poWer control according to a preferred embodiment of the 
present invention; 
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[0019] FIG. 4A-B are diagrams illustrating code power 
and code power increase obtained with conventional power 
control; 
[0020] FIG. 5A-C are diagrams illustrating power 
increase probability, code power and code power increase in 
accordance with an exemplary embodiment of the present 
invention; and 

[0021] FIG. 6 is a diagram illustrating the relation 
between a power control parameter, code power and carrier 
power in accordance with an exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION 

[0022] FIG. 1 is a schematic overview of an exemplary 
WCDMA communication system in which the present 
invention can be used. The illustrated system 100 comprises 
a Radio Access Network (RAN), eg a Universal Terrestrial 
Radio Access Network (UTRAN), and a core network 130. 
The RAN performs radio-related functions and is respon 
sible for establishing connections between user equipment 
110, such as mobile phones and laptops, and the rest of the 
network. The RAN typically contains a large number of 
Base Transceiver Stations (BTS) 122, also referred to as 
Node B, and Radio Network Controllers (RNC) 124. Each 
BTS serves the mobile terminals within its respective cov 
erage area and several BTS are controlled by a RNC. Typical 
functions of the RNC are to assign frequencies, spreading or 
scrambling codes and channel power levels. 

[0023] The RNC 124 provides access to the core network 
130, which e.g. comprises switching centers, support nodes 
and databases corresponding to those of a Global System for 
Mobile communication/General Packet Radio Service 
(GSM/GPRS) core network, and generally also includes 
multimedia processing equipment. The core network com 
municates with external networks 140, such as the Internet, 
and Public Switched Telephone Networks (PSTN), Inte 
grated Services Digital Networks (ISDN) and other Public 
Land Mobile Networks (PLMN). 

[0024] In practice, most WCDMA networks present mul 
tiple network elements and nodes arranged in much more 
complex ways than in the basic example of FIG. 1. 

[0025] The present invention is well suited for and will 
primarily be described in connection with WCDMA com 
munication, for example High-speed Downlink Shared 
Channel (HS-DSCH) systems. Nevertheless, it should be 
understood that other communication systems where mul 
tiple users can utiliZe the same power resource simulta 
neously also lie within the scope of the invention. Systems 
where the power utiliZation of a node affects adjacent nodes 
due to high interference are also suited for the invention. 
Such systems for instance include time-multiplexed or code 
multiplexed Orthogonal Frequency Division Multiplexing 
(OFDM) and Time Division Multiple Access (TDMA) sys 
tems and systems using Multi Carrier Power Ampli?ers 
(MCPA). 
[0026] Effective mechanisms for uplink and downlink 
power control are essential for maximiZing the capacity of 
wireless communication systems like CDMA systems. 
Power control for the downlink (forward) channel in par 
ticular serves to provide each mobile station with a satis 
factory signal level from the base station. Typically, the 

Jun. 23, 2005 

mobile station measures the received signal on the downlink 
channel and based on the measurements requests the base 
station to adjust its transmit power. 

[0027] As mentioned in the background section, fast 
power control (1500 HZ) is in WCDMA standardiZed for 
both up- and downlink. The UE sends a transmitter power 
control command TPC(t) to the network 1500 times per 
second, and each command states either ‘power up’ or 
‘power down’. This command is used in the base station to 
update the dedicated power of the UE p(t). The 3GPP 
standardiZed downlink power control algorithms include 
one default algorithm with two options The default 
algorithm is to step-wise update the power p(t) in logarith 
mic scale (in dB) every slot t, using the received transmitter 
power control command TPC(t), which is either +1 or —1 
according to: 

[0028] where A is the step siZe in dB. The step siZe A can 
have four values: 0.5, 1, 1.5 or 2 dB. It is mandatory for 
UTRAN to support a step siZe of 1 dB, while support of 
other step siZes is optional. The only reason for not granting 
the power control command is if the power saturates, i.e. the 
power meets the upper or lower limitations (p_upper and 
p_lower respectively), which are parameteriZed by the 
operator. This implies that: 

p(t+1)=max (p_lower, min(p_upper, p(t)+A*TPC(t))) 
[dB] (2) 

[0029] The ?rst option aims at limiting the risk of misin 
terpreted TPC commands. Each TPC command is repeated 
three consecutive slots, and the actual update rate is thereby 
reduced to 500 HZ. The second option limits the power raise 
of power control by de?ning a sliding window siZe Swin and 
a threshold th. The power is only allowed to increase if the 
sum of past Swin corrections is below the threshold th: 

[0030] where TPCsum is the sum of past corrections, i.e. 

TPCsum : 2 TPC(k) 

[0031] The present invention is based on the recognition 
that a most efficient downlink power control can be obtained 
by changing the power dedicated to a respective connection 
in response to the total transmitter power situation. The total 
transmitter power of the base station is a limited resource 
and it is therefore desirable to control the system with regard 
to this parameter. By measuring the total transmitter power 
of the base station and control the system based thereon 
according to the invention, a power control mechanism that 
directly responds to the most crucial power parameter can be 
achieved. 

[0032] In order to enhance the system stability the present 
invention thus proposes an overall control approach where 
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doWnlink power control is based on the total transmitter 
power of the base station. This Will noW be further described 
With reference to FIG. 2, in Which a transceiver node 122 
and tWo mobile terminals 110 are shoWn. The transceiver 
node is capable of communicating With the mobile terminals 
over respective Wireless connections. 

[0033] The transceiver node 122 is typically arranged at 
the netWork side, eg in a radio access netWork such as 
UTRAN, and enables Wireless units to be connected to the 
rest of the netWork. The transceiver node can for instance 
comprise or be associated With a (radio) base station such as 
a Node B or a BTS and/or radio control functionality such 
as an RNC or a Base Station Controller (BSC). In the 
following, the transceiver node Will generally be referred to 
as base station. 

[0034] The Wireless units/mobile terminals 110 (also 
referred to as user equipment, mobile nodes, mobile stations, 
etc) are illustrated as cellular phones. HoWever, the inven 
tion is also applicable on communication With other Wireless 
unit, including personal digital assistants and laptop com 
puters. 
[0035] As indicated in FIG. 2, the base station is associ 
ated With a total transmitter (doWnlink) poWer PDL, also 
referred to as doWnlink carrier poWer. This total transmitter 
poWer comprises both common poWer (used eg for pushing 
information to end users, for pilot signals and for common/ 
shared channels) and poWer for channels dedicated to spe 
ci?c mobile terminals. The current total transmitter poWer 
PDL(t) represents all doWnlink poWer resources, common 
and connection-speci?c, used at the transceiver node at a 
particular point of time t. In other Words, the total transmitter 
poWer is a measure of the overall resource allocation at the 
transceiver node. The available doWnlink poWer resources 
are represented by a maXimum transmitter (doWnlink) poWer 
PDLJUQX, Which is transceiver node speci?c. 
[0036] Also indicated in the ?gure are transmitter (doWn 
link) poWers pi for each connection i, also referred to as the 
doWnlink code poWer of a respective connection. The cur 
rent connection-speci?c transmitter poWer pt(t) represents 
the doWnlink poWer allocated to connection i by the base 
station at a particular point of time t. By default, the code 
poWer allocation is performed according to the poWer con 
trol algorithm of Eq. (1), but according to the present 
invention this poWer allocation is handled in an unproved 
Way that Will noW be described. 

[0037] The Wireless unit 110 sends a request for a poWer 
change (eg a poWer increase command) to the base station 
122. As opposed to With the above-described default poWer 
control algorithm, the request is not alWays granted. Based 
on the total transmitter poWer of the base station, it is 
decided Whether the request should be granted or Wholly or 
partially refused. The connection-speci?c poWer decision is 
expressed through one or several poWer control parameters, 
Which preferably directly or indirectly relate to a maXimum 
value or a poWer change rate of the connection-speci?c 
transmitter poWer. The poWer control parameters are deter 
mined based on the current total transmitter poWer of the 
base station and thereafter used to distribute transmitter 
poWer to the particular connection. Hence, the poWer pi 
dedicated to connection i depends on the total doWnlink 
poWer PDL. 
[0038] FIG. 3 is a flow chart of a method for doWnlink 
poWer control summariZing the main principles of a pre 
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ferred embodiment of the invention. In step S1, a transmitter 
poWer change request from a mobile terminal is received at 
a base station over a Wireless connection. This request can 
for eXample comprise a standard WCDMA TPC command 
and the invention is applicable to both increase and decrease 
commands. In particular, it is useful for handling situations 
With repeated poWer increase commands. 

[0039] In response to the transmitter poWer change 
request, the base station determines at least one poWer 
control parameter based on its current total transmitter 
poWer in step S3. This preferably involves eXecuting a 
predetermined poWer distribution function that presents a 
smooth transitional behavior as the current total transmitter 
poWer approaches its maXimum value, or alternatively the 
poWer control parameter may be decided based on a prede 
termined threshold value for the total transmitter poWer. The 
poWer control parameter is preferably related to a maXimum 
connection-speci?c transmitter poWer and/or the poWer 
change rate of the connection-speci?c transmitter poWer. 
The total transmitter poWer of the base station is preferably 
continuously measured at the base station (step S2). HoW 
ever, in some embodiments this parameter may be deter 
mined elseWhere and forWarded to the transceiver node. As 
Will be explained in the folloWing, the current total trans 
mitter poWer is not necessarily the only input parameter 
affecting the poWer control parameters (besides the TPC 
value). The poWer control parameter can eg be an aggre 
gate poWer control parameter calculated by combining sev 
eral separately computed poWer control parameters With 
different inputs. 

[0040] Finally, transmitter poWer is in step S4 distributed 
to the connection by the base station in accordance With the 
determined poWer control parameter. The poWer control 
parameter can be directly or indirectly affecting the actual 
poWer distribution. An eXample of the latter is to indirectly 
restrict the poWer (p/t) in Eq. through a poWer control 
parameter related to the highest bit rate alloWed for the 
connection. The procedure in FIG. 3 is typically repeated 
regularly during an ongoing connection, since the mobile 
terminal Will repeatedly ask for more or less poWer as the 
conditions change. 

[0041] By means of the present invention, the behavior of 
respective connections is adjusted depending on the behav 
ior of the entire shared poWer resource. Conventional meth 
ods for doWnlink poWer control focuses entirely on indi 
vidual connections. Since the mobile terminal does not have 
any knoWledge about the poWer situation for other links, this 
implies a considerable risk of overallocating or temporary 
running out of transmitter poWer. By instead considering the 
poWer behavior of other connections to/from the base station 
through the total poWer resource, including the poWer com 
mon for all (or a subset of the) links, the invention offers a 
more efficient poWer control mechanism. A major advantage 
is that it can be used to ensure that no attempts are made on 
the netWork side to allocate more poWer resources than 
available. Hence, the risk of temporary running out of 
transmitter poWer can be eliminated, resulting in a preserved 
system stability. 

[0042] Another advantage of the invention is that it 
enables a smooth response to poWer increase requests from 
the user equipment. The allocated poWer can be made to rise 
smoothly When the maXimum transmitter poWer is 
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approached, Which leads to a more controlled behavior of 
the base station transmitter poWer. The control is preferably 
performed on a comparatively small time scale, Which 
results in fast adjustments as the overall poWer situation 
changes. 

[0043] By performing poWer control at the netWork side 
and considering the overall poWer situation for the base 
station, the present invention thus improves the system 
stability. The improved stability in turn results in an 
enhancement of both the capacity and the quality of the 
services experienced by the users. Wireless communication 
systems in general are associated With trade-offs betWeen 
coverage, quality and load. Hereby, a key issue is to balance 
service coverage against system stability, i.e. optimiZe the 
resource (base station doWnlink poWers) utiliZation, such 
that a good service coverage is obtained at loW loads and a 
good system stability is obtained at high loads. The present 
invention enables the above factors to be properly balanced, 
eg by reducing the coverage or providing a soft degenera 
tion of the quality When the load increases. 

[0044] According to a particularly advantageous embodi 
ment of the invention, the poWer control parameter is 
determined by a combination of the total transmitter poWer 
(doWnlink carrier poWer) of the base station and the con 
nection-speci?c transmitter poWer (doWnlink code poWer). 
The poWer control is then related to the connection-speci?c 
resource utiliZation in addition to the overall resource utili 
Zation of all links. Thereby, poWer saturation can be avoided 
and besides the smooth transitional behavior at high total 
transmitter poWers (i.e. close to PDLJMX) it is also possible 
to make distinctions betWeen different connections. Connec 
tions using a lot of code poWer can for example be “pun 
ished” through stronger poWer restrictions. Moreover, this 
solution is normally easy to implement and does not require 
any additional signaling (eg between RNC and Node B in 
WCDMA) since both the carrier poWer and the code poWer 
can be measured at the base station. 

[0045] The means for imposing poWer restrictions accord 
ing to the invention are preferably to adapt the maximum 
dedicated code poWer pLmaX; to state a probability rci of 
granting a poWer change request command; and/or to adapt 
the poWer step siZe Ai. Exemplary embodiments of the 
invention With poWer control by means of each of these 
respective poWer control parameters Will noW be described. 
The exemplifying poWer control algorithms Work for values 
both in linear and logarithmic scale [dBW or dBm], but 
values in linear scale Will be assumed if nothing else is 
stated. 

[0046] Maximum Dedicated Code PoWer 

[0047] A preferred means to reduce the possibility of a 
connection to contribute to the doWnlink carrier poWer is to 
decrease the maximum dedicated code poWer pLmaX, i.e. the 
upper poWer limit of an individual dedicated channel. The 
computed maximum dedicated code poWer can be seen as a 
function of the total transmitter doWnlink poWer PDL: 
pi>maX=f(PDL). When most of the doWnlink poWer is allo 
cated, each connection is typically further limited by a loWer 
maximum dedicated code poWer. The higher the doWnlink 
carrier poWer, the tighter the maximum code poWer. 

[0048] In a ?rst example (4), the maximum dedicated code 
poWer can vary from prnaXlOWer to prnaX upper, and depends 
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linearly on the doWnlink carrier poWer, When the latter is 
greater than PDL’10W and less than PDLJHQX. OtherWise, 

1°W)/(PDL,max}ipl)DL,loW) pp (4) 

[0049] A second example (5) presents a simpler method 
Where the maximum dedicated code poWer can have tWo 
different values depending on Whether the carrier poWer is 
beloW a threshold PDL)10W or not. 

pmaxmpper PDL < Pzmmw (5) 
pimax = 

pmazgbwer PDL 2 Pzmmw 

[0050] It should be noted that PDL may be used together 
With one or more other input parameters for determining the 
maximum doWnlink code poWer. When more than one input 
are used, each input can be used to compute the maximum 
poWer, and the aggregate of these computed values is used 
as the maximum dedicated code poWer. In an exemplifying 
embodiment With tWo different inputs, the aggregate is 
computed according to 

pi,max,aggregate=m1n(pi,max,inpm 1) Pi,max,inpm 2) (6) 

[0051] PoWer Increase Probability 

[0052] In the default poWer control algorithm in 
WCDMA, the base station increases the dedicated channel 
poWer by a step a upon receiving a transmitter poWer up 
command from the Wireless unit. Only the maximum dedi 
cated code poWer pi)rnaX can hinder the poWer increase due 
to be granted. According to a preferred embodiment of the 
invention, grant of a received poWer up command is instead 
associated With an assigned probability nine] (possibly Zero), 
referred to as a poWer increase probability. 

[0053] When most of the doWnlink carrier poWer is allo 
cated, there are good reasons for being more careful With 
increasing the poWer solely based on the poWer increase 
request from the Wireless unit. Hence, it is often desirable to 
let a higher the doWnlink carrier poWer lead to a loWer poWer 
increase probability. If a poWer up request is not granted 
there are tWo options. Either the connection-speci?c trans 
mitter poWer pi(t) remains at the same level, or it is 
decreased by the step A. The latter is more efficient in 
penaliZing a connection. 

[0054] In a ?rst example (7) the poWer increase depends 
linearly on the doWnlink carrier poWer, When the latter is 
greater than PDL)10W and less than PDLJHQX. OtherWise, nine) 
i=1. (n is a parameter.) 

[0055] FIGS. 4 and 5 illustrate load-based doWnlink 
poWer control according to the invention With poWer 
increase probability as poWer control parameter as compared 
With conventional default poWer control. FIG. 4A-B shoW 
the prior-art code poWer behavior for a connection to a 
Wireless unit that is consistently asking for more poWer. The 
base station allocates poWer to the connection in accordance 

With the standardiZed control algorithm of Eq. (1) and FIG. 4A contains normaliZed code poWer values for the 

respective time slots, Whereas FIG. 4B shoWs the poWer 
changes since the last slot. The diagrams clearly shoW the 
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linear scale effects of the logarithmic scale power control 
(1). The poWer upsteps in Watt increase exponentially as the 
code poWer of the connection increases (before saturation at 
slot 30). This constitutes an instabiliZing property of the 
conventional poWer control algorithm. 

[0056] The dramatic increase can be made more graceful 
using the load based poWer control of the present invention. 
FIG. 5A shoWs poWer increase probability according to 
equation (7) With n=2. FIG. 5B-C corresponds to FIG. 
4A-B but this time the poWer control is performed based on 
PDL and code poWer through the poWer control probabilities 
of FIG. 5A. The poWer increase probability decreases as the 
code poWer and carrier poWer increases, and this in turn 
makes the poWer control more graceful While approaching 
the maximum code and carrier poWers. 

[0057] A second example (8) presents a simpler method 
Where the poWer increase probability sWitches betWeen 1 
and another ?xed Value J-|:in<:,loWer depending on Whether the carrier 
power is below PDL low or not. 

{ 1 PDL < PDLJOW (3) 
mm.- = 

?inqlower PDL Z PDLJOW 

[0058] When most of the doWnlink code poWer is allo 
cated, there are good reasons for being more careful With 
increasing the poWer. As mentioned above, an advantageous 
embodiment of the invention performs poWer control based 
on both the total transmitter poWer of the base station and the 
connection speci?c transmitter poWer. Applied to the case 
Where the poWer increase probability is used as poWer 
control parameter, this means that the poWer increase prob 
ability is a function of both the doWnlink carrier poWer and 
the doWnlink code poWer: J'cinc, i=f(PDL, pi). In such a case, 
a higher doWnlink code poWer generally implies a loWer 
poWer increase probability. In an exemplifying embodiment 
(9), the aggregated poWer increase probability is the product 
of the poWer increase probabilities computed separately 
using doWnlink carrier poWer and the doWnlink code poWer: 

nine, i, aggregate=ninq i: PDL*ninc, i, pi (9) 

[0059] The factor mine) i) pi can for instance be calculated 
according to equation (10) or (11) beloW. In the ?rst example 
(10), the poWer increase depends linearly on the dedicated 
code poWer pi, When the latter is greater than p10W and less 
than pmax) i. OtherWise, 75- -—1. (n is a parameter.) 

inc, 1 

[0060] The second example (11) uses a simpler method 
Where the poWer increase probability sWitches betWeen 1 
and another ?xed value ninglower depending on Whether the 
carrier poWer is beloW ploW or not. 

{ 1 Pi < Flow (11) 
Kim; = 

7rinc,lower Pi 2 Flow 

[0061] Other poWer control algorithms Where the total 
transmitter poWer is used as an input together With one or 
several other inputs are possible. When more than one input 
are used, each input can be used to compute the poWer 
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increase probability, and the aggregate of these computed 
values is used as the poWer increase probability. In an 
example With three different inputs, the aggregate is com 
puted according to (12). Inputs 2 and 3 can (but do not have 
to) include the connection-speci?c transmitter poWer. 

_ 96 96 

nine, i, aggregate-nine, i: PDL 75am, i, input 2 75am, i, input 3 (12) 

[0062] PoWer Control Step SiZe 

[0063] In the default poWer control algorithm in 
WCDMA, the base station increases the dedicated channel 
poWer by a ?xed step d in dB, When receiving a poWer up 
TPC command from the mobile terminal. Only the maxi 
mum dedicated code poWer can hinder the poWer increase. 

[0064] The present invention instead proposes to adapt the 
poWer control step A in response to the total doWnlink poWer 
at the base station: Ai=f(PDL). The siZe of the poWer change 
(upWard or doWnWard) may be either decreased or 
increased. ApoWer increase request from the mobile termi 
nal may even result in Zero or negative values of A, thus 
corresponding to a refused increase command. Since only 
the upWard steps are critical for doWnlink stability, it can 
sometimes be preferred to limit the step siZe adaptation to 
upWard steps, While letting the doWnWard steps remain 
constant. 

[0065] Sometimes, eg if it is not possible to adjust the 
step siZe directly, it may be advisable to adjust the poWer 
only each Nzth slot, Where N=?oor(Anmm/Adesired) and A 
is a possible adjustment step (eg 1 dB). 

no rrn 

[0066] When most of the doWnlink carrier poWer is allo 
cated, one should be careful With increasing the poWer 
entirely conformant to the poWer increase commands. With 
poWer control according to the invention, a higher doWnlink 
carrier poWer generally results in a loWer upWard step siZe. 
In an exemplifying embodiment the upWard step siZe 
depends linearly on the doWnlink carrier poWer and 
decreases to Zero When the carrier poWer approaches its 
maximum level. This is illustrated by equation (13) Where 
A m is a parameter and A is the maximum poWer step 

‘par 
SIZC. 

norrn 

Ai=min(AnOIm> Aparam (PDL, max_PDL)/PDL,max) (13) 

[0067] Moreover, in some cases it can be motivated to use 
different steps upWards and doWnWards. Longer steps 
upWard and shorter steps doWnWard at loW loads, and vice 
versa. In an exemplifying embodiment the upWard and 
doWnWard step siZes are separately adjusted and depend 
linearly on the doWnlink carrier poWer. The upWard step 
decreases to Zero When the carrier poWer approaches its 
maximum level, While the doWnWard step decreases to Zero 
at loW carrier poWers. This is illustrated beloW (14), Where 
Apararn is a parameter, Anorm is the maximum poWer step siZe 
and PDL)lower is parameter indicating the loWer carrier poWer 
level. 

Ai, upward=min(Anorm> Aparam (PDL,max_PDL)/PDL,max) (14) 

Ai, doWnWaId=min(Anorm> Aparam (PDL_PDL,loWer)/(PDL, 
max-Pomona» 

[0068] As for the previously described control parameters, 
more than one input can be used to determine the step siZe. 
Hereby, each input can be used to calculate a respective step 
siZe, and the aggregate of these preliminary step siZe values 
is used as the step siZe through Which the poWer control is 
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effectuated. In an exemplifying embodiment With tWo dif 
ferent inputs, the aggregate is computed according to (15). 

Ai, aggmgm=min® (15) 
[0069] An advantageous embodiment uses a combination 
of transmitted doWnlink code poWer and transmitted doWn 
link carrier poWer: Ai=f(PDL, pipode). The step siZe can for 
example depend linearly on the doWnlink carrier poWer and 
the doWnlink code poWer [Watt] and decrease to Zero When 
the carrier poWer and/or the code poWer approaches the 
maximum levels, as illustrated by equation (16). 

Ai=min(Anmm> Aparam (PDnmax-PDL)*(Pi,max-Pi) (16) 
[0070] PoWer control With a combined doWnlink carrier 
poWer and doWnlink code poWer utiliZation according to Eq. 
(16) is illustrated in FIG. 6. PoWer step siZe vs. doWnlink 
carrier poWer and doWnlink code poWer is illustrated. In this 
example, the maximum carrier poWer PDL)rnaX is 20 W, the 
maximum code poWer pi)rnaX is 1 W, A =0.1 dB and 
Anmn=1 dB. It is evident that in?nitesirflal step siZes are 
applied at high carrier poWers and/or at high code poWers, 
and thereby ef?ciently preventing the system from dramati 
cally increasing the poWers at high loads. As indicated in 
FIG. 6, Eq. (16) can also be used for poWer control With 
poWer increase probability as code parameter. 

i, input 1, Ai, input 2) 

[0071] The above results are directly applicable to such 
cases, in Which in?nitesimal poWer increase probabilities are 
hence applied at high carrier poWers and/or at high code 
poWers. 

[0072] In some cases, it can be appropriate to normaliZe 
the poWer step siZe to maximum poWer values. This means 
that the system is more careful With increasing the poWer for 
high data rate services. Furthermore, in this Way the algo 
rithms can be made independent of base station maximum 
transmitter poWer and of type of bearers. Three examples: 

Ai=min(Anmm> Aparam (PDnmax-PDL)*(PLmax-PQ/Pi, 
max) (17) 
Ai=min(AnOIm> Aparam (PDL,max_PDL)*(Pi,max_Pi)/PDL, 
max) (18) 
Ai=min(Anmm> Aparam (PDL,max-PDL)*(Pi,max-Pi)/(Pi, 
WX’V’DLWXD (19) 

[0073] As a numerical example, consider the services 
speech With pi)rnaX 1 W and video telephony 64 kbps With 
pimax 4 W. No normaliZation to maximum code poWer means 
that the step siZe is the same for both services at 0.5 W for 
speech and 3.5 W for video telephony. With normaliZation 
according to the above equations, the step siZe is the same 
at 0.5 W for speech and at 2 W for video telephony. This 
means that the system is more careful With increasing the 
poWers for high data rate users. 

[0074] Although different control algorithms have been 
used to exemplify the poWer control through poWer increase 
probability and poWer step siZe, respectively, the methods 
for one of these control parameters are generally applicable 
on the other as Well. Thus, the equations for poWer step siZe 
adjustment can typically be used also for poWer increase 
probabilities, and vice versa. 

[0075] The above examples have primarily used actual 
(not normaliZed) poWer parameters. HoWever, sometimes, 
eg for base stations With different maximum doWnlink 
carrier poWer, it can be relevant to consider the doWnlink 
carrier poWer relative the maximum carrier poWer as the 
input. Similarly, in some situations, for example When 
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different connections have different maximum doWnlink 
code poWer, it can be relevant to consider the doWnlink code 
poWer relative maximum code poWer as the input to algo 
rithms based on code poWer. The methods Will Work the 
same if a carrier poWer parameter is replaced by the same 
parameter divided by the maximum doWnlink carrier poWer 
and a code poWer parameter is replaced by the same param 
eter divided by the maximum doWnlink code poWer, respec 
tively. 

[0076] Moreover, since the input poWer data typically 
varies fast and heavily, it can in many cases be advisable to 
use ?lters in connection With the described doWnlink poWer 
control functions. By considering current as Well as previous 
values of the input parameters (eg PDL and pi), the variance 
can With ?ltering be reduced such that the poWer control 
parameters are subject merely to sloWly changing input data. 

[0077] According to another preferred embodiment of the 
invention, the doWnlink poWer control is based on a com 
bination of the total transmitter poWer and the degree of 
priority associated With the respective connections. The 
main idea is to avoid a situation Where all connections 
experience unsatisfactory quality of service by adopting a 
proactive strategy to penaliZe some connections to save 
others. The poWer control parameters used to distribute 
transmitter poWer to a particular connection are in this case 
determined based on the total transmitter poWer together 
With connection-speci?c information indicating the degree 
of priority associated With the connection. The connection 
speci?c information preferably comprises one or more so 
called degree of priority indicators DPI. Hence, the poWer pi 
dedicated to connection i depends on PDL and the DPI 
parameter for the connection DPIi. 

[0078] The DPI parameter is representing the importance/ 
relevance/priority of a particular connection at a particular 
point of time in a prede?ned Way. It generally describes 
features or the current or expected behavior of the end 
user/mobile terminal and can comprise user-related, device 
related and/or connection-descriptive information. The pri 
ority indicating parameter is typically measured or collected 
from data holding units or databases at the netWork side, 
preferably by means of a netWork-based control unit, such as 
an RNC. Some example priority indicators: 

[0079] Mobile Type and Class 

[0080] Some types of mobile terminals require more 
poWer from the base station than other When providing the 
same service in the same radio environment. The type of 
mobile terminal can therefore be useful as priority indicator. 
Hereby, the brand or model of the mobile terminal can be 
used. HoWever, a preferred embodiment suggests that the 
classi?cation of mobiles is automatiZed. The actual perfor 
mance or poWer requirement of the mobile terminal is then 
determined at the netWork side and based thereon the 
terminal is classi?ed, eg using information about the 
required doWnlink code poWer When connected to a speci?c 
reference cell; IMIE number; and or block error rate (for 
data services). The automatic classi?cation can be based on 
stored or measured connection-related information. 

[0081] Subscription Class 

[0082] When it is desirable to prioritiZe one or a number 
of subscription classes in front of others, the subscription 
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class si is a useful input, e.g. enabling for operators to offer 
gold subscriptions With better services to customers that pay 
more. 

[0083] Connection Time 

[0084] The longer the mobile terminal has been con 
nected, the more critical it is to penaliZe the connection. 
Therefore, the time since connection establishment tc is an 
informative input. 

[0085] Data Service Features 

[0086] For data services it can often be appropriate to use 
the current values of certain data service features, providing 
information about the current and eXpected user behavior, as 
a basis for the prioritiZation betWeen different connections. 
Such parameters Would typically be measured at the netWork 
side, preferably at the RNC, and can e.g. include indicators 
related to the transmitted data amount, the eXpected data 
amount, and/or the data amount residing in buffers before 
being transmitted. Hereby, a larger amount of data generally 
implies a higher degree of priority associated With the 
connection. Moreover, the poWer distribution can be based 
on one or more DPI related to packet features, such as packet 
length (longer packets are prioritiZed), packet type, and/or 
time since last packet, as Well as DPI related to block error 
statistics and/or block retransmission statistics. 

[0087] By performing doWnlink poWer control based on a 
combination of the total transmitter poWer and the degree of 
priority associated With the respective connections, an 
improved system stability can be achieved on a short term as 
Well as on a long term basis. This embodiment of the 
invention alloWs for a more sophisticated poWer control 
mechanism and a more “fair” poWer distribution. 

[0088] The poWer control of the invention is thus prefer 
ably performed using the above-described poWer control 
parameters pLmaX, nine] and A. Hereby, one single control 
parameter or, alternatively, a combination of tWo or all 
control parameters can be used for a particular poWer control 
situation. There may also be embodiments of the invention 
Where the poWer control is effectuated through other poWer 
related parameters, including other parameters directly or 
indirectly related to a poWer change rate of the connection 
speci?c transmitter poWer. 

[0089] In connection With data services, a quality target of 
the connection can be used as poWer control parameter, 
instead of or in addition to the above parameters. The quality 
target speci?es the desired quality of a connection. An 
eXample is the block error rate (BLER) quality target of 
WCDMA, ie the ratio betWeen the number of erroneous 
blocks and the total number of transmitted blocks. 

[0090] Although the invention has been described With 
reference to speci?c illustrated embodiments, it should be 
emphasiZed that it also covers equivalents to the disclosed 
features, as Well as modi?cations and variants obvious to a 
man skilled in the art. Thus, the scope of the invention is 
only limited by the enclosed claims. 
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Application WO 

1. Amethod for poWer control in a communication system 
(100) including a transceiver node (122) capable of com 
municating With multiple mobile terminals (110), compris 
ing the steps of: 

receiving, at the transceiver node, a transmitter poWer 
change request from one of the mobile terminals over 
a Wireless connection; 

determining, at the transceiver node, at least one poWer 
control parameter for the connection based on a current 
total transmitter poWer of the transceiver node; and 

distributing transmitter poWer to the connection in accor 
dance With the determined poWer control parameter. 

2. The method of claim 1, Wherein the current total 
transmitter poWer represents substantially all doWnlink 
poWer resources, common and connection-speci?c, used at 
the transceiver node (122) at a particular point of time. 

3. The method of claim 1, further comprising the step of 
measuring the current total transmitter poWer at the trans 
ceiver node (122). 

4. The method of claim 1, Wherein the determining step is 
further based on a current connection-speci?c transmitter 
poWer for the connection. 

5. The method of claim 4, Wherein the total transmitter 
poWer is a doWnlink carrier poWer and the connection 
speci?c transmitter poWer is a doWnlink code poWer. 

6. The method of claim 1, Wherein the determining step is 
further based on connection-speci?c information indicating 
the degree of priority associated With the connection. 

7. The method of claim 6, Wherein the connection-speci?c 
information comprises information selected from the group 
of: mobile type, mobile class, subscription class, connection 
time, transmitted data amount, data amount in buffer, packet 
length, packet type, time since last packet, block error 
statistics, and block retransmission statistics. 

8. The method of claim 1, Wherein the poWer control 
parameter is related to a maXimum value of the connection 
speci?c transmitter poWer. 

9. The method of claim 1, Wherein the poWer control 
parameter is directly or indirectly related to a poWer change 
rate of the connection-speci?c transmitter poWer. 

10. The method of claim 9, Wherein the poWer control 
parameter is related to a probability of grant. 

11. The method of claim 9, Wherein the poWer control 
parameter is related to a poWer change step siZe. 

12. The method of claim 1, comprising the steps of 

combining, at the transceiver node (122), at least tWo 
poWer control parameters based on different input 
parameters into an aggregate poWer control parameter; 
and 
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using the aggregate power control parameter for distrib 
uting the connection-speci?c transmitter power in the 
distributing step. 

13. The method of claim 1, Wherein the determining step 
involves executing a predetermined poWer control function 
presenting a smooth transitional behavior as the current total 
transmitter poWer of the transceiver node (122) approaches 
a maXimum total transmitter poWer value. 

14. The method of claim 1, Wherein the determining step 
involves deciding. the poWer control parameter based on a 
predetermined threshold value for the total transmitter 
poWer. 

15. The method of claim 1, Wherein the determining step 
is based on current and previous values of the total trans 
mitter poWer. 

16. A transceiver node (122) capable of communicating 
With multiple mobile terminals (110) in a communication 
system (100) With means for poWer control, comprising 

means for receiving a transmitter poWer change request 
from one of the mobile terminals over a Wireless 

connection; 
means for determining at least one poWer control param 

eter for the connection based on a current total trans 
mitter poWer of the transceiver node; and 

means for distributing transmitter poWer to the connection 
in accordance With the determined poWer control 
parameter. 

17. The transceiver node of claim 16, Wherein the current 
total transmitter poWer represents substantially all doWnlink 
poWer resources, common and connection-speci?c, used at 
the transceiver node (122) at a particular point of time. 

18. The transceiver node of claim 16, further comprising 
means for determining the poWer control parameter based on 
a current connection-speci?c transmitter poWer for the con 
nection. 

19. The transceiver node of claim 18, further comprising 
means for measuring the total transmitter poWer and the 
connection-speci?c transmitter poWer. 

20. The transceiver node of claim 16, farther comprising 
means for determining the poWer control parameter based on 
connection-speci?c information indicating the degree of 
priority associated With the connection. 

21. The transceiver node of claim 16, Wherein the poWer 
control parameter is related to an item selected from the 
group of a maXimum value of the connection-speci?c trans 
mitter poWer, a probability of grant, and a poWer change step 
siZe. 

22. The transceiver node of claim 1.6, comprising 

means for combining at least tWo poWer control param 
eters based on different input parameters into an aggre 
gate poWer control parameter; and 

means for using the aggregate poWer control parameter 
for adjustments of connection-speci?c transmitter 
poWer. 
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23. The transceiver node of claim 16, Wherein the means 
for determining involves means for eXecuting a predeter 
mined poWer distribution function presenting a smooth 
transitional behavior as the current total transmitter poWer of 
the transceiver node (122) approaches a maXimum total 
transmitter poWer value. 

24. The transceiver node of claim 16, Wherein the means 
for determining involves means for deciding the poWer 
control parameter based on a predetermined threshold value 
for the total transmitter poWer. 

25. The transceiver node of claim 16, comprising a base 
station unit. 

26. A communication system (100) provided With means 
for poWer control and including a transceiver node (122) 
capable of communicating With multiple mobile terminals 
(110), comprising 
means for receiving, at the transceiver node, a transmitter 
poWer change request from one of the mobile terminals 
over a Wireless connection; 

means for determining at least one poWer control param 
eter for the connection based on a current total trans 
mitter poWer of the transceiver node; and 

means for distributing transmitter poWer to the connection 
in accordance With the determined poWer control 
parameter. 

27. The communication system of claim 26, Wherein the 
current total transmitter poWer represents substantially all 
doWnlink poWer resources, common and connection-spe 
ci?c, used at the transceiver node (122) at a particular point 
of time. 

28. The communication system of claim 26, further com 
prising means for determining the poWer control parameter 
based on a current connection-speci?c transmitter poWer for 
the connection. 

29. The communication system of claim 26, further com 
prising means for determining the poWer control parameter 
based on connection-speci?c information indicating the 
degree of priority associated With the connection. 

30. The communication system of claim 29, further com 
prising means for transmitting the connection-speci?c infor 
mation from a netWork-based control unit (124) of the 
communication system to the transceiver node (122). 

31. The communication system of claim 26, Wherein the 
poWer control parameter is related to an item selected from 
the group of a maXimum value of the connection-speci?c 
transmitter poWer, a probability of grant, and a poWer 
change step siZe. 

32. The communication system of claim 26, being 
selected from the group of: a Code Division Multiple Access 
(CDMA) system, a Wideband Code Division Multiple 
Access (WCDMA) system, an Orthogonal Frequency Divi 
sion Multiplexing (OFDM) system, and a system using 
Multi Carrier PoWer Ampli?ers (MCPA). 

* * * * * 


