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5 Power control

5.1 Uplink power control

5.1.1 PRACH

51.1.1 General

The power control during the physical random access procedure is described in clause 6. The setting of power of the
message control and data parts is described in the next sub-clause.

5.1.1.2 Setting of PRACH control and data part power difference

The message part of the uplink PRACH channel shall employ gain factors to control the control/data part relative power
similar to the uplink dedicated physical channels. Hence, section 5.1.2.5 applies also for the RACH message part, with
the differences that:

- bcisthe gain factor for the control part (similar to DPCCH),
- bgisthegain factor for the data part (similar to DPDCH),

- noinner loop power control is performed.

5.1.2 DPCCH/DPDCH

51.2.1 General

Theinitia uplink DPCCH transmit power is set by higher layers. Subsequently the uplink transmit power control
procedure simultaneously controls the power of a DPCCH and its corresponding DPDCHSs (if present). The relative
transmit power offset between DPCCH and DPDCHs is determined by the network and is computed according to sub
clause 5.1.2.5 using the gain factors signalled to the UE using higher layer signalling.

The operation of the inner power control loop, described in sub clause 5.1.2.2, adjusts the power of the DPCCH and
DPDCHs by the same amount, provided there are no changes in gain factors. Additional adjustments to the power of the
DPCCH associated with the use of compressed mode are described in sub clause 5.1.2.3.

Any change in the uplink DPCCH transmit power shall take place immediately before the start of the pilot field on the
DPCCH. The changein DPCCH power with respect to its previous value is derived by the UE and is denoted by Dppcch
(in dB). The previous value of DPCCH power shall be that used in the previous dot, except in the event of an
interruption in transmission due to the use of compressed mode, when the previous value shall be that used in the last
slot before the transmission gap.

During the operation of the uplink power control procedure the UE transmit power shall not exceed a maximum
allowed value which is the lower out of the maximum output power of the terminal power class and a value which may
be set by higher layer signalling.

Uplink power control shall be performed while the UE transmit power is below the maximum allowed output power. If
the UE transmit power is below the required minimum output power [as defined in TS 25.101] and the derived value of
Dopccr is less than zero, the UE may reduce the magnitude of Dppech.

3GPP
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5.1.2.2 Ordinary transmit power control

51221 General

The uplink inner-loop power control adjusts the UE transmit power in order to keep the received uplink signal-to-
interference retio (SIR) at agiven SIR target, SIRiager

The serving cells (cellsin the active set) should estimate signal-to-interference ratio SIRey of the received uplink
DPCH. The serving cells should then generate TPC commands and transmit the commands once per slot according to
the following rule: if SIRey > SIRge then the TPC command to transmit is "0", while if SIRet < SIRiage then the TPC
command to transmit is"1".

Upon reception of one or more TPC commands in a dlot, the UE shall derive a single TPC command, TPC_cmd, for
each dot, combining multiple TPC commands if more than oneis received in a dot. Two agorithms shall be supported
by the UE for deriving a TPC_cmd. Which of these two agorithmsis used is determined by a UE-specific higher-layer
parameter, “ Power-Control-Algorithm”, and is under the control of the UTRAN. If “Power-Control-Parameter
Algorithm” indicates “agorithm-1", then the layer 1 parameter PCA shall take the value 1 and if “ Power-Control
Parameter-Algorithm” indicates “agorithm-2” then PCA shall take the value 2.

If PCA hasthe value 1, Algorithm 1, described in subclause 5.1.2.2.2, shall be used for processing TPC commands.
If PCA hasthe value 2, Algorithm 2, described in subclause 5.1.2.2.3, shall be used for processing TPC commands.

The step size Drpc isalayer 1 parameter which is derived from the UE--specific higher-layer parameter “ TPC-StepSize”
which is; under the control of the UTRAN. If “TPC-StepSize” hasthe value “dB1”, then the layer 1 parameter Drpc
shall take that-can-havethe values 1 dB and if “ TPC-StepSize” has the value “dB2”, then Drpc shall take the value er

2 dB.

After deriving of the combined TPC command TPC_cmd using one of the two supported algorithms, the UE shall
adjust the transmit power of the uplink DPCCH with a step of Dppccn (in dB) which is given by:

Dopcct = Dree” TPC_cmd

5.1.2.21.1 Out of synchronisation handling

The UE shall shut its transmitter off when the UE estimates the DPCCH quality over the last 200 ms period to be worse
than athreshold Q.. This criterion is never fulfilled during the first 200 ms of the dedicated channel's existence. Qg iS
defined implicitly by the relevant testsin TS 25.101.

The UE can turn its transmitter on when the UE estimates the DPCCH quality over the last 200 ms period to be better
than a threshold Q;,. This criterion is always fulfilled during the first 200 ms of the dedicated channel's existence. Q;,is
defined implicitly by the relevant testsin TS 25.101. When transmission is resumed, the power of the DPCCH shall be
the same as when the UE transmitter was shut off.

5.1.2.2.2 Algorithm 1 for processing TPC commands

5.1.2.2.2.1 Derivation of TPC_cmd when only one TPC command is received in each slot

When a UE is not in soft handover, only one TPC command will be received in each dot. In this case, the value of
TPC_cmd shall be derived as follows:

- If thereceived TPC command is equal to 0 then TPC_cmd for that slot is—1.
- If the received TPC command is equal to 1, then TPC_cmd for that dot is 1.

5.1.2.2.2.2 Combining of TPC commands known to be the same

When a UE isin soft handover, multiple TPC commands may be received in each dot from different cellsin the active
set. In some cases, the UE has the knowledge that some of the transmitted TPC commandsin aslot arethe same. Thisis
the case e.g. with receiver diversity or so called softer handover when the UTRAN transmits the same command in all
the serving cells the UE isin softer handover with. For these cases, the TPC commands known to be the same shall be
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combined into one TPC command, to be further combined with other TPC commands as described in subclause
5.1.2.2.23.

5.1.2.2.2.3 Combining of TPC commands not known to be the same

In general in case of soft handover, the TPC commands transmitted in the same dlot in the different cells may be
different.

This subclause describes the general scheme for combination of the TPC commands not known to be the same.

First, the UE shall conduct a soft symbol decision W,; on each of the power control commands TPC;, wherei =1, 2, ...,
N, where N is greater than 1 and is the number of TPC commands not known to be the same, that may be the result of a
first phase of combination according to subclause 5.1.2.2.2.2.

Finally, the UE derives a combined TPC command, TPC_cmd, as a function gof all the N soft symbol decisions Wi;:
TPC_cmd = g (W1, Wy, ... Wy), where TPC_cmd can take the values 1 or -1.

The function gshall fulfil the following criteria:

If the N TPC; commands are random and uncorrelated, with equal probability of being transmitted as“0” or “1”, the
probability that the output of gis equal to 1 shall be greater than or equal to 1/(2"), and the probability that the output of
gisequal to -1 shall be greater than or equal to 0.5.

5.1.2.2.3 Algorithm 2 for processing TPC commands

NOTE: Algorithm 2 makesit possible to emulate smaller step sizes than the minimum power control step
specified in section 5.1.2.2.1, or to turn off uplink power control by transmitting an aternating series of
TPC commands.

5.1.2.23.1 Derivation of TPC_cmd when only one TPC command is received in each slot

When a UE is not in soft handover, only one TPC command will be received in each dot. In this case, the UE shall
process received TPC commands on a 5-dot cycle, where the sets of 5 dots shall be aigned to the frame boundaries and
there shall be no overlap between each set of 5 dots.

The value of TPC_cmd shall be derived as follows:
- For thefirst 4 dotsof aset, TPC_cmd = 0.
- For thefifth ot of a set, the UE uses hard decisions on each of the 5 received TPC commands as follows:
- If dl 5 hard decisions within aset are 1 then TPC_cmd = 1in the 5" dlot.
- If al 5 hard decisions within a set are 0 then TPC_cmd = -1 in the 5" dlot.
- Otherwise, TPC_cmd = 0in the 5" dlot.

5.1.2.2.3.2 Combining of TPC commands known to be the same

When a UE isin soft handover, multiple TPC commands may be received in each dot from different cellsin the active
set. In some cases, the UE has the knowledge that some of the transmitted TPC commandsin adlot are the same. Thisis
the case e.g. with receiver diversity or so called softer handover when the UTRAN transmits the same command in all
the serving cells the UE is in softer handover with. For these cases, the TPC commands known to be the same are-shall
be combined into one TPC command, to be processed and further combined with any other TPC commands as
described in subclause 5.1.2.2.3.3.

5.1.2.2.3.3 Combining of TPC commands not known to be the same

In general in case of soft handover, the TPC commands transmitted in the same dot in the different cells may be
different.

This subclause describes the general scheme for combination of the TPC commands not known to be the same.
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The UE shall make a hard decision on the value of each TPC;, wherei =1, 2, ..., N and N is the number of TPC
commands not known to be the same, that may be the result of afirst phase of combination according to subclause
512232

The UE shall follow this procedure for 3 consecutive slots, resulting in N hard decisions for each of the 3 dots.
The sets of 3 dots shall be aligned to the frame boundaries and there shall be no overlap between each set of 3 dots.

Thevalue of TPC_cmd is zero for the first 2 dots. After 3 dots have elapsed, the UE shall determine the value of
TPC_cmd for the third dlot in the following way:

The UE first determines one temporary TPC command, TPC_temp;, for each of the N sets of 3 TPC commands as
follows:

- If al 3 hard decisions within aset are"1", TPC temp; =1
- If al 3 hard decisions within aset are"0", TPC temp; = -1
- Otherwise, TPC_temp, =0

Finally, the UE derives a combined TPC command for the third slot, TPC_cmd, as afunction g of all the N temporary
power control commands TPC_temp;:

TPC_cmd(3“ dot) = g (TPC_temp,, TPC_temp,, ..., TPC_tempy), where TPC_cmd(3™ slot) can take the values 1, 0 or
-1, and gis given by the following definition:

1 N
TPC_cmd isset to 1 if Né' TPC _temp, >0.5.

i=1

1 N
TPC_cmd issetto -1 if Né' TPC _temp, <-0.5.

i=1

Otherwise, TPC_cmd isset to 0.

5.1.2.3 Transmit power control in compressed mode

In compressed mode, some frames are compressed and contain transmission gaps. The uplink power control procedure
isas specified in clause 5.1.2.2, using the same UTRAN supplied parameters for Power Control Algorithm and step size
(Drpc), but with additional features which aim to recover as rapidly as possible a signal-to-interference ratio (SIR) close
to the target SIR after each transmission gap.

In compressed mode, compressed frames may occur in either the uplink or the downlink or both. In uplink compressed
frames, the transmission of uplink DPDCH(s) and DPCCH shall both be stopped during transmission gaps.

Due to the transmission gaps in compressed frames, there may be misssing TPC commands in the downlink. I1f no
downlink TPC command is transmitted, the corresponding TPC_cmd derived by the UE shall be set to zero.

Compressed and non-compressed frames in the uplink DPCCH may have a different number of pilot bits per slot. A
change in the transmit power of the uplink DPCCH would be needed in order to compensate for the change in the total

pilot energy. Therefore at the start of each dot the UE shall derive the value of a power offset Dy or. If the number of

pilot bits per dlot in the uplink DPCCH is different from its value in the most recently transmitted slot, Dy or (in dB)
shall be given by:

DPILOT = 10L0g10 (Npilot,pra//NpiIot,curr)

where Ngiiorpres 1S the number of pilot bits in the most recently transmitted slot , and Ngijor curr 1S the number of pilot bits
in the current slot. Otherwise, including during transmission gapsin the downlink, Dgor shall be zero.

Unless otherwise specified, in every dot during compressed mode the UE shall adjust the transmit power of the uplink
DPCCH with a step of Dppccy (in dB) which is given by:

Dorccr = Dree” TPC_cmd + Dpiior
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At the start of the first slot after an uplink transmission gap the UE shall apply a change in the transmit power of the
uplink DPCCH by an amount Dppccy (in dB), with respect to the uplink DPCCH power in the most recently transmitted
uplink slot, where

Dorccr = Dresume + Daitor

The value of Dgesyme (in dB) shall be determined by the UE according to the Initial Transmit Power mode (ITP). The
ITP isa UE specific parameter, which is signalled by the network with the other compressed mode parameters (see TS
25.215). The different modes are summarised in table 1.

Table 1: Initial Transmit Power modes during compressed mode

Initial Transmit Power Descriotion
mode P
0 Dresuve = Drec” TPC_cmdgap
1 DRESUME = d last

In the case of atransmission gap in the uplink, TPC_cmdg, shdll be the value of TPC_cmd derived in the first slot of
the uplink transmission gap, if adownlink TPC_command is transmitted in that slot. Otherwise TPC_cmdyg, shall be
zero.

If adownlink TPC command is transmitted in the first ot of a downlink transmission gap, then d o4 shall be equal to
the value of d computed in the first dot of the downlink transmission gap. Otherwise d o« shall be equal to the vaue of
d computed in the last ot before the downlink transmission gap. d shall be updated according to the following
recursive relations, which shall be executed in all dots with simultaneous uplink and downlink DPCCH transmission
and in the first ot of adownlink transmission gap if a downlink TPC command is transmitted in that lot:

d, =0.9375d,_, - 0.96875TPC _cmd, Dy
d., =d,

TPC_cmd; is the most recent power control command derived by the UE.

d.1isthevalue of d computed for the previous dot. The value of d._; shall be initialised to zero when the uplink
DPCCH is activated, and also at the end of the first slot after each downlink transmission gap.

After atransmission gap in either the uplink or the downlink, the period following resumption of simultaneous uplink
and downlink DPCCH transmission is called arecovery period. RPL is the recovery period length and is expressed as a
number of dots. RPL is equa to the minimum value out of the transmission gap length and 7 dots.

During the recovery period, 2 modes are possible for the power control algorithm. The Recovery Period Power control
mode (RPP) is signalled with the other compressed mode parameters (see TS 25.215). The different modes are
summarised in the table 2:

Table 2: Recovery Period Power control modes during compressed mode

Recovery Period power
control mode

0

Description

Transmit power control is applied using the algorithm determined by the value
of PCA, as in_subclause 5.1.2.2 with step size Drpc

Transmit power control is applied using algorithm 1 (see subclause 5.1.2.2.2)
with step size Dre-tec during RPL slots after each transmission gap.

1

For RPP mode 0, the step sizeis not changed during the recovery period and ordinary transmit power control is applied
(see subclause 5.1.2.2), using the algorithm for processing TPC commands determined by the value of PCA (see sub
clauses5.1.2.2.2 and 5.1.2.2.3).

For RPP mode 1, during RPL dots after each transmission gap, power control algorithm 1 is applied with a step size
Drprecinstead of Drpc, regardless of the value of PCA. The changein uplink DPCCH transmit power (except for the
first dlot after the transmission gap) is given by

Dorcch = Dreree” TPC_cmd + Dpiior
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Dre.trc is called the recovery power control step size and is expressed in dB. If PCA has the value 1, -Drp.rec iSequa to
the minimum vaue of 3 dB and 2Drpc. If PCA hasthe value 2, Drprpc iSequal to 1 dB.

After the recovery period, ordinary transmit power control resumes using the algorithm specified by the value of PCA
and with step size Drpc.

If PCA hasthe value 2, the sets of slots over which the TPC commands are processed shall remain aligned to the frame
boundaries in the compressed frame. For both RPP mode 0 and RPP mode 1, if the transmission gap or the recovery
period results in any incomplete sets of TPC commands, TPC_cmd shall be zero for those sets of dots which are
incomplete.
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