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5.2 Downlink power control

The transmit power of the downlink channelsis determined by the network. In genera the ratio of the transmit power
between different downlink channelsis not specified and may change with time. However, regulations exist as
described in the following subclauses.

Higher layer power settings shall be interpreted as setting of the total power, i.e. the sum of the power from the two
antennas in case of transmit diversity.

5.2.1 DPCCH/DPDCH

5211 General

The downlink transmit power control procedure controls simultaneously the power of a DPCCH and its corresponding
DPDCHs. The power control loop adjusts the power of the DPCCH and DPDCHs with the same amount, i.e. the
relative power difference between the DPCCH and DPDCHs is not changed.

The relative transmit power offset between DPCCH fields and DPDCHSs is determined by the network The TFCI, TPC
and pilot fields of the DPCCH are offset relative to the DPDCHSs power by PO1, PO2 and PO3 dB respectively. The
power offsets may vary in time. The method for controlling the power offsets within UTRAN is specified in [6]

The power of CCC fieldin DL DPCCH for CPCH is the same as the power of the pilot field.
5.2.1.2 Ordinary transmit power control

5.2.1.2.1 UE behaviour

The UE shall generate TPC commands to control the network transmit power and send them in the TPC field of the
uplink DPCCH. An example on how to derive the TPC commandsin given in Annex B.2.

The UE shall check the downlink power control mode (DPC_MODE) before generating the TPC command:

- if DPC_MODE = 0: the UE sends a unique TPC command in each slot and the TPC command generated is
transmitted in the first available TPC field in the uplink DPCCH;

- if DPC_MODE = 1: the UE repeats the same TPC command over 3 slots and the new TPC command is
transmitted such that there is a new command at the beginning of the frame.

The DPC_MODE parameter is a UE specific parameter controlled by the UTRAN.

The UE shall not make any assumptions on how the downlink power is set by UTRAN, in order to not prohibit usage of
other UTRAN power control algorithms than what is defined in subclause 5.2.1.2.2.

5.2.1.2.2 UTRAN behaviour

Upon receiving the TPC commands UTRAN shall adjust its downlink DPCCH/DPDCH power accordingly. For
DPC_MODE =0, UTRAN shall estimate the transmitted TPC command TPC to be 0 or 1, and shall update the power
every dot. If DPC_MODE =1, UTRAN shall estimate the transmitted TPC command TPC. over three slotsto be O or
1, and shall update the power every three dots.

After estimating the k:th TPC command, UTRAN shall adjust the current downlink power P(k-1) [dB] to a hew power
P(k) [dB] according to the following formula:

P(k) = P(k - 1) + Prpc(K) + Poa(K),

where Prpc(K) is the kith power adjustment due to the inner loop power control, and P,y (k) [dB] isa correction
according to the downlink power control procedure for balancing radio link powers towards a common reference power.
The power balancing procedure and control of the procedure is described in [6].

Ppc(K) is calculated according to the following.
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‘ If the value of Limited Power Raiselncrease Used parameter is’Not used’, then

+ A if TPCL(K) =1

Prec (k) = .
rec (K) {_ A if TPC (k=0 '[® @

| If the value of Limited Power Raiselncrease Used parameter is’Used’, then the k:th inner loop power adjustment shall
be calculated as:
+Ape if TPCL(K) =1 and A, (K)+ A < Power_Raise Limit
Poc(k)=4 0 if TPC,(k)=1 and A, (K)+ A > Power Raise Limit ,[dB] (2
—Arpe if TPC(k)=0

where

k-1

Asum(k) = Z PTPc(i)

i=k—DL_Power_Averaging_Window_Size
isthe temporary sum of the last DL_Power_Averaging Window_Size inner loop power adjustments (in dB).

For the first (DL_Power_Averaging_Window_Sze — 1) adjustments after the activation of the limited power
| raiseincrease method, formula (1) shall be used instead of formula (2). Power_Raise_Limit and
DL_Power_Averaging Window_Size are parameters configured in the UTRAN.

The power control step size Arpc can take four values: 0.5, 1, 1.5 or 2 dB. It ismandatory for UTRAN to support Atpc
of 1 dB, while support of other step sizesis optional.

In addition to the above described formulas on how the downlink power is updated, the restrictions below apply.
In case of congestion (commanded power not available), UTRAN may disregard the TPC commands from the UE.

The average power of transmitted DPDCH symbols over one timeslot shall not exceed Maximum_DL_Power (dB), nor
shall it be below Minimum_DL_Power (dB). Transmitted DPDCH symbol means here a complex QPSK symbol before
spreading which does not contain DTX. Maximum_DL_Power (dB) and Minimum_DL_Power (dB) are power limits
for one channelisation code, relative to the primary CPICH power [6].
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5.2 Downlink power control

The transmit power of the downlink channelsis determined by the network. In genera the ratio of the transmit power
between different downlink channelsis not specified and may change with time. However, regulations exist as
described in the following subclauses.

Higher layer power settings shall be interpreted as setting of the total power, i.e. the sum of the power from the two
antennas in case of transmit diversity.

5.2.1 DPCCH/DPDCH

5211 General

The downlink transmit power control procedure controls simultaneously the power of a DPCCH and its corresponding
DPDCHs. The power control loop adjusts the power of the DPCCH and DPDCHs with the same amount, i.e. the
relative power difference between the DPCCH and DPDCHs is not changed.

The relative transmit power offset between DPCCH fields and DPDCHSs is determined by the network The TFCI, TPC
and pilot fields of the DPCCH are offset relative to the DPDCHSs power by PO1, PO2 and PO3 dB respectively. The
power offsets may vary in time. The method for controlling the power offsets within UTRAN is specified in [6]

The power of CCC fieldin DL DPCCH for CPCH is the same as the power of the pilot field.
5.2.1.2 Ordinary transmit power control

5.2.1.2.1 UE behaviour

The UE shall generate TPC commands to control the network transmit power and send them in the TPC field of the
uplink DPCCH. An example on how to derive the TPC commandsin given in Annex B.2.

The UE shall check the downlink power control mode (DPC_MODE) before generating the TPC command:

- if DPC_MODE = 0: the UE sends a unique TPC command in each slot and the TPC command generated is
transmitted in the first available TPC field in the uplink DPCCH;

- if DPC_MODE = 1: the UE repeats the same TPC command over 3 slots and the new TPC command is
transmitted such that there is a new command at the beginning of the frame.

The DPC_MODE parameter is a UE specific parameter controlled by the UTRAN.

The UE shall not make any assumptions on how the downlink power is set by UTRAN, in order to not prohibit usage of
other UTRAN power control algorithms than what is defined in subclause 5.2.1.2.2.

5.2.1.2.2 UTRAN behaviour

Upon receiving the TPC commands UTRAN shall adjust its downlink DPCCH/DPDCH power accordingly. For
DPC_MODE =0, UTRAN shall estimate the transmitted TPC command TPC to be 0 or 1, and shall update the power
every dot. If DPC_MODE =1, UTRAN shall estimate the transmitted TPC command TPC. over three slotsto be O or
1, and shall update the power every three dots.

After estimating the k:th TPC command, UTRAN shall adjust the current downlink power P(k-1) [dB] to a hew power
P(k) [dB] according to the following formula:

P(k) = P(k - 1) + Prpc(K) + Poa(K),

where Prpc(K) is the kith power adjustment due to the inner loop power control, and P,y (k) [dB] isa correction
according to the downlink power control procedure for balancing radio link powers towards a common reference power.
The power balancing procedure and control of the procedure is described in [6].

Ppc(K) is calculated according to the following.
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‘ If the value of Limited Power Raiselncrease Used parameter is’Not used’, then

+ A if TPCL(K) =1

Prec (k) = .
rec (K) {_ A if TPC (k=0 '[® @

| If the value of Limited Power Raiselncrease Used parameter is’Used’, then the k:th inner loop power adjustment shall
be calculated as:
+Ape if TPCL(K) =1 and A, (K)+ A < Power_Raise Limit
Poc(k)=4 0 if TPC,(k)=1 and A, (K)+ A > Power Raise Limit ,[dB] (2
—Arpe if TPC(k)=0

where

k-1

Asum(k) = Z PTPc(i)

i=k—DL_Power_Averaging_Window_Size
isthe temporary sum of the last DL_Power_Averaging Window_Size inner loop power adjustments (in dB).

For the first (DL_Power_Averaging_Window_Sze — 1) adjustments after the activation of the limited power
| raiseincrease method, formula (1) shall be used instead of formula (2). Power_Raise_Limit and
DL_Power_Averaging Window_Size are parameters configured in the UTRAN.

The power control step size Arpc can take four values: 0.5, 1, 1.5 or 2 dB. It ismandatory for UTRAN to support Atpc
of 1 dB, while support of other step sizesis optional.

In addition to the above described formulas on how the downlink power is updated, the restrictions below apply.
In case of congestion (commanded power not available), UTRAN may disregard the TPC commands from the UE.

The average power of transmitted DPDCH symbols over one timeslot shall not exceed Maximum_DL_Power (dB), nor
shall it be below Minimum_DL_Power (dB). Transmitted DPDCH symbol means here a complex QPSK symbol before
spreading which does not contain DTX. Maximum_DL_Power (dB) and Minimum_DL_Power (dB) are power limits
for one channelisation code, relative to the primary CPICH power [6].
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8.2 Parameters of IPDL

The following parameters are signalled to the UE via higher layers:

IP_Status: Thisisalogic value that indicates if the idle periods are arranged in continuous or burst
mode.
IP_Spacing: The number of 10 msradio frames between the start of aradio frame that containsanidle

period and the next radio frame that contains an idle period. Note that there is at most one
idle period in aradio frame.

IP_Length: The length of the idle periods, expressed in symbols of the CPICH.

IP_Offset: A cell specific offset that can be used to synchronise idle periods from different sectors
within a Node B.

Seed: Seed for the pseudo random number generator.

Additionally in the case of burst mode operation the following parameters are also communicated to the UE.

Burst_Start: Specifies the start of the first burst of idle periods. 256xBurstStart is Fthe SFN where the
first burst of idle periods starts.

Burst_L ength: The number of idle periodsin aburst of idle periods.

Burst_Freq: Specifies the time between the start of a burst and the start of the next burst. 256xBurst_Freq
is Fthe number of radio frames of the primary CPICH between the start of a burst and the
start of the next burst.

8.3 Calculation of idle period position

In burst mode, the first burst startsin the radio frame with SFN = 256xBurst_Start. The n:th burst startsin the radio
frame with SFN = 256xBurst_Start + nx256xBurst_Freq. The sequence of bursts according to this formula continues up
to and including the radio frame with SFN = 4095. At the start of the radio frame with SFN = 0, the burst sequenceis
terminated (no idle periods are generated) and at SFN = 256xBurst_Start the burst sequence is restarted with the first
burst followed by the second burst etc., as described above.

Continuous mode is equivalent to burst mode, with only one burst spanning the whole SFN cycle of 4096 radio frames,
this burst starting in the radio frame with SFN = 0.

Assume that IP_Position(x) is the position of idle period number x within aburst, wherex =1, 2, ..., and IP_Position(x)
is measured in number of CPICH symbols from the start of the first radio frame of the burst.

The positions of the idle periods within each burst are then given by the following equation:
IP_Position(x) = (x x IP_Spacing x 150) + (rand(x modulo 64) modulo (150 — IP_Length)) + IP_Offset;
where rand(n) is a pseudo random generator defined as follows:
rand(0) = Seed;
rand(n) = (106xrand(n — 1) + 1283) modulo 6075,n=1, 2, 3, ....
Note that x is reset to x = 1 for thefirst idle period in every burst.

Figure 6 below illustrates the idle periods for the burst mode case.
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Figure 6: Idle Period placement in the case of burst mode operation
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Release 4 8 3GPP TS 25.214 v4.0.0 (2001-03)

4.3 DPCCH/DPDCH synchronisation

4.3.1 Synchronisation primitives

4311 General

For the dedicated channels, synchronisation primitives are used to indicate the synchronisation status of radio links,
both in uplink and downlink. The definition of the primitivesis given in the following subclauses.

4.3.1.2 Downlink synchronisation primitives

Layer 1 inthe UE shall every radio frame check synchronisation status of the downlink dedicated channels.
Synchronisation statusis indicated to higher layers using the CPHY -Sync-IND and CPHY -Out-of-Sync-IND primitives.

The criteriafor reporting synchronisation status are defined in two different phases.

Thefirst phase starts when higher layers initiate physical dedicated channel establishment (as described in [5]) and lasts
until 160 ms after the downlink dedicated channel is considered established by higher layers (physical channel
establishment is defined in [5]). During this time out-of-sync shall not be reported and in-sync shall be reported using
the CPHY -Sync-IND primitive if the following criterion isfulfilled:

- The UE estimates the DPCCH quality over the previous 40 ms period to be better than a threshold Q;,. This
criterion shall be assumed not to be fulfilled before 40 ms of DPCCH quality measurements have been
collected. Q;, isdefined implicitly by the relevant testsin [7].

The second phase starts 160 ms after the downlink dedicated channel is considered established by higher layers. During
this phase both out-of-sync and in-sync are reported as follows.

Out-of-sync shall be reported using the CPHY -Out-of-Sync-IND primitive if either-any of the following criteriaareis
fulfilled:

- The UE estimates the DPCCH quality over the previous 160 ms period to be worse than athreshold Q. Qout iS
defined implicitly by the relevant testsin [7].

- The 20 most recently received transport blocks with a non-zero length CRC attached, as observed on all TrCHs
using non-zero length CRC, have been received with incorrect CRC. In addition, over the previous 160 ms, all
transport blocks with a non-zero length CRC attached have been received with incorrect CRC. In case ef-no
TFCI is used this criterion shall not be considered for the TrCH(s) not using guided detection if they do not use
a TFrCHsusihg non-zero length CRC in all transport formats._If no transport blocks with a non-zero
length CRC attached are received over the previous 160 ms this criterion shall not be assumed to be fulfilled.

In-sync shall be reported using the CPHY -Sync-IND primitive if both of the following criteria are fulfilled:

- The UE estimates the DPCCH quality over the previous 160 ms period to be better than athreshold Q;,. Qi is
defined implicitly by the relevant testsin [7].

- At least one transport block with a non-zero length CRC attached, as observed on all TrCHs using non-zero
length CRC, isreceived in aTTI ending in the current frame with correct CRC. If no transport blocks are
received, or no transport block has a non-zero length CRC attached in a TTI ending in the current frame and in
addition over the previous 160 ms at least one transport block with a non-zero length CRC attached has been
received with a correct CRG; this criterion shall be assumed to be fulfilled.- If no transport blocks with a non-
zero length CRC attached are received over the previous 160 ms this criterion shall also be assumed to be
fulfilled. In case ef-no TFCI is used this criterion shall not be considered for the TrCH(s) not using quided

detection if they do not use aenly-for FrCHs-using non-zero length CRC in al transport formats.

How the primitives are used by higher layersis described in [5]. The above definitions may lead to radio frames where
neither the in-sync nor the out-of-sync primitives are reported.
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4.3 DPCCH/DPDCH synchronisation

4.3.1 Synchronisation primitives

4311 General

For the dedicated channels, synchronisation primitives are used to indicate the synchronisation status of radio links,
both in uplink and downlink. The definition of the primitivesis given in the following subclauses.

4.3.1.2 Downlink synchronisation primitives

Layer 1 inthe UE shall every radio frame check synchronisation status of the downlink dedicated channels.
Synchronisation statusis indicated to higher layers using the CPHY -Sync-IND and CPHY -Out-of-Sync-IND primitives.

The criteriafor reporting synchronisation status are defined in two different phases.

Thefirst phase starts when higher layers initiate physical dedicated channel establishment (as described in [5]) and lasts
until 160 ms after the downlink dedicated channel is considered established by higher layers (physical channel
establishment is defined in [5]). During this time out-of-sync shall not be reported and in-sync shall be reported using
the CPHY -Sync-IND primitive if the following criterion isfulfilled:

- The UE estimates the DPCCH quality over the previous 40 ms period to be better than a threshold Q;,. This
criterion shall be assumed not to be fulfilled before 40 ms of DPCCH quality measurements have been
collected. Q;, isdefined implicitly by the relevant testsin [7].

The second phase starts 160 ms after the downlink dedicated channel is considered established by higher layers. During
this phase both out-of-sync and in-sync are reported as follows.

Out-of-sync shall be reported using the CPHY -Out-of-Sync-IND primitive if either-any of the following criteriaareis
fulfilled:

- The UE estimates the DPCCH quality over the previous 160 ms period to be worse than athreshold Q. Qout iS
defined implicitly by the relevant testsin [7].

- The 20 most recently received transport blocks with a non-zero length CRC attached, as observed on all TrCHs
using non-zero length CRC, have been received with incorrect CRC. In addition, over the previous 160 ms, all
transport blocks with a non-zero length CRC attached have been received with incorrect CRC. In case ef-no
TFCI is used this criterion shall not be considered for the TrCH(s) not using guided detection if they do not use a
only-ferFrCHsusing-non-zero length CRC in all transport formats. 1f no transport blocks with a non-zero length
CRC attached are received over the previous 160 msthis criterion shall not be assumed to be fulfilled.

In-sync shall be reported using the CPHY -Sync-IND primitive if both of the following criteria are fulfilled:

- The UE estimates the DPCCH quality over the previous 160 ms period to be better than athreshold Q;,. Qi is
defined implicitly by the relevant testsin [7].

- At least one transport block with a non-zero length CRC attached, as observed on all TrCHs using non-zero
length CRC, isreceived in aTTI ending in the current frame with correct CRC. If no transport blocks are
received, or no transport block has a non-zero length CRC attached in a TTI ending in the current frame and in
addition over the previous 160 ms at least one transport block with a non-zero length CRC attached has been
received with a correct CRC, this criterion shall be assumed to be fulfilled. If no transport blocks with a non-zero
length CRC attached are received over the previous 160 ms this criterion shall also be assumed to be fulfilled. In
case of-no TFCI is used this criterion shall not be considered for the TrCH(s) not using guided detection if they

do not use aenhy-ferFrCHs-using non-zero length CRC in al transport formats.

How the primitives are used by higher layersis described in [5]. The above definitions may lead to radio frames where
neither the in-sync nor the out-of-sync primitives are reported.
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5.1.2.21.2 TPC command generation on downlink during RL initialisation

When commanded by higher layers the TPC commands sent on a downlink radio link from Node Bs that have not yet
achieved uplink synchronisation shall follow a pattern as follows:

If higher layersindicate by "First RLS indicator" that the radio link is part of the first radio link set sent to the UE and
the value ‘n’ obtained from the parameter “DL TPC pattern 01 count” passed by higher layersis different from O then :

- the TPC pattern shall consist of n instances of “01"-the pair of TPC commands (“0” ,“1"), ptusfollowed by one
instance of TPC command "1", where (“0”,”1") indicates the TPC commands to be transmitted in 2 consecutive
slots,

- the TPC pattern continuously repeat but shall be forcibly re-started at the beginning of each frame where CFN
mod 4 = 0.

else

- TheTPC pattern shall consist only of aHTPC commands"1".

The TPC pattern shall terminate once uplink synchronisation is achieved.
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Release 99 12 3GPP TS 25.214 v3.6.0 (2001-03)

5.1.2.21.2 TPC command generation on downlink during RL initialisation

When commanded by higher layers the TPC commands sent on a downlink radio link from Node Bs that have not yet
achieved uplink synchronisation shall follow a pattern as follows:

If higher layersindicate by "First RLS indicator" that the radio link is part of the first radio link set sent to the UE and
the value ‘n’ obtained from the parameter “DL TPC pattern 01 count” passed by higher layersis different from O then :

- the TPC pattern shall consist of n instances of “01"-the pair of TPC commands (“0” ,“1"), ptusfollowed by one
instance of TPC command "1", where (“0”,”1") indicates the TPC commands to be transmitted in 2 consecutive
slots,

- the TPC pattern continuously repeat but shall be forcibly re-started at the beginning of each frame where CFN
mod 4 = 0.

else

- TheTPC pattern shall consist only of aHTPC commands"1".

The TPC pattern shall terminate once uplink synchronisation is achieved.
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4.3 DPCCH/DPDCH synchronisation

4.3.1 Synchronisation primitives

43.1.1 General

For the dedicated channels, synchronisation primitives are used to indicate the synchronisation status of radio links,
both in uplink and downlink. The definition of the primitives is given in the following subclauses.

43.1.2 Downlink synchronisation primitives

Layer 1 in the UE shall every radio frame check synchronisation status of the downlink dedicated channels.
Synchronisation statusis indicated to higher layers using the CPHY -Sync-IND and CPHY -Out-of-Sync-IND primitives.

The criteriafor reporting synchronisation status are defined in two different phases.

Thefirst phase lasts until 160 ms after the downlink dedicated channel is considered established by higher layers
(physical channel establishment is defined in [5]). During this time out-of-sync shall not be reported and in-sync shall
be reported using the CPHY -Sync-IND primitive if the following criterion is fulfilled:

- The UE estimates the DPCCH quality over the previous 40 ms period to be better than athreshold Q,,. This
criterion shall be assumed not to be fulfilled before 40 ms of DPCCH quality measurements have been
collected. Q,, isdefined implicitly by the relevant testsin [7].

The second phase starts 160 ms after the downlink dedicated channel is considered established by higher layers. During
this phase both out-of-sync and in-sync are reported as follows.

Out-of-sync shall be reported using the CPHY -Out-of-Sync-IND primitive if either of the following criteriaare
fulfilled:

- The UE estimates the DPCCH quality over the previous 160 ms period to be worse than a threshold Qgy:. Qout IS
defined implicitly by the relevant testsin [7].

- The 20 most recently received transport blocks with a CRC attached, as observed on al TrCHs using CRC, have
been received with incorrect CRC. In addition, over the previous 160 ms, all transport blocks with a CRC
attached have been received with incorrect CRC.

In-sync shall be reported using the CPHY -Sync-IND primitive if both of the following criteria are fulfilled:

- The UE estimates the DPCCH quality over the previous 160 ms period to be better than athreshold Q;,. Qi is
defined implicitly by the relevant testsin [7].

- Atleast one transport block with a CRC attached, as observed on al TrCHsusing CRC, isreceivedina TTI
ending in the current frame with correct CRC. If no transport blocks are received, or no transport block hasa
CRC attached, this criterion shall be assumed to be fulfilled.

How the primitives are used by higher layersis described in [5]. The above definitions may lead to radio frames where
neither the in-sync nor the out-of-sync primitives are reported.

4.3.1.3 Uplink synchronisation primitives

Layer 1 inthe Node B shall every radio frame check synchronisation status of all radio link sets. Synchronisation status
isindicated to the RL Failure/Restored triggering function using either the CPHY -Sync-IND or CPHY -Out-
of-Sync-IND primitive. Hence, only one synchronisation status indication shall be given per radio link set.

The exact criteria for indicating in-sync/out-of-sync is not subject to specification, but could e.g. be based on received
DPCCH quality or CRC checks. One example would be to have the same criteria as for the downlink synchronisation
status primitives.
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432 Radio link establishment and reconfiguration

asesTwo synchronisation procedures are defined in order to

obtain radlo link svnchronlsanon between UE and UTRAN

- —Synchronisation procedure A: it shall be used -when thereis-he-existing the first radio link(s) is established
and there is no existing radio link for the UE i.e. when at least one downlink dedicated physical channel and one
uplink dedicated physical channel are to be set up on afrequency. This procedure shall also be used when
synchronised reconfiguration (i.e. when activation times are given) is applied to one or several existing radio
links and any of the following conditions are true as aresult of the reconfiguration procedure.:

- the freguency of the dedicated physical channels is changed and the timing is re-initialised as defined
in[5] or;

- the primary or secondary CPICH usage for channel estimation in the UE is changed or;

- theradio link(s) is moved to another cell on the same frequency and the timing is re-initialised as

defined in [5];

- er-Synchronisation procedure B : it shall be used- when one or several radio links already-exist_ are added to the
active set and downlink transmission starts for those radio links; i.e. when thereis an existing DPCCH/DPDCH
inthe upllnk and at least one correapondlnq dedlcated phvscal channel shaII be set up inthe downllnk aHeest

ThIS procedure shall aso be u%d when svnchromsed radio I|nk reconflquratlon (i.e. when actlvat|on t| mes are

given) is applied to one or several existing radio links and the radio link(s) is moved to another cell on the same
frequency and the timing is maintained.

All other synchronised radio link reconfigurations, i.e. when activation times are given, do not require any
synchronisation proceduresin UE or UTRAN:

Unsynchronised radio link reconfigurations, i.e. when no activation times are given, should not to require any specific
synchronisation proceduresin UE or UTRAN.

The two eases-synchronisation procedures are described in subclauses 4.3.2.2-3 and 4.3.2.3-4 respectively.

4.3.2.2 Node B radio link set state machine

In Node B, each radio link set can be in three different states: initial state, out-of-sync state and in-sync state.
Transitions between the different statesis shown in figure 1 below. The state of the Node B at the start of radio link
establishment is described in the following subclauses. Transitions between initial state and in-sync state are described
in subclauses 4.3.2.2 and 4.3.2.3 and transitions between the in-sync and out-of-sync states are described in

subclause 4.3.3.2.

Initial
state

RL Restore

RL Failure

In-sync /_\A
state \/

RL Restore

Out-of-sync
state

Figure 1: Node B radio link set states and transitions
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4.3.2.23 No-existing+radio-Synchronisation procedure Alink

The synchronisation establishment procedure, which begins at the time indicated by higher layers (either immediately at
receipt of upper layer signalling, or at an indicated activation time), radie-link-establishment-is as follows:

a) a)-Each NNode B involved in the procedure eensiderssets the-all Hsthe radio link sets which are to be setup for
this UE which-areto-beset-up-te-bein theinitia state.

b) -UTRAN shall start the transmission of the downlink DPCCH. and may start the transmission of DPDCH if any
dataisto be transmitted. If an activation time has been given downlink transmission shall not start before the
activation time has been reached. The initial downlink DPCCH transmit power is set by higher layers [6]_except
in case of radio link reconfiguration. Downlink TPC commands are generated as described in 5.1.2.2.1.2.

c) The UE establishes downlink chip and frame synchronisation of DPCCH, using the P-CCPCH timing and
timing offset information notified from UTRAN. Frame synchronisation can be confirmed using the frame
synchronisation word. Downlink synchronisation statusis reported to higher layers every radio frame according
to subclause 4.3.1.2.

d)e) The UE shall not transmit on uplink until higher layers consider the downlink physical channel established. If
no activation time for uplink DPCCH has been signalled to the UE, uplink DPCCH transmission shall start when
higher layers consider the downlink physical channel established. If an activation time has been given, uplink
DPCCH transmission shall not start before the downlink physical channel has been established and the activation
time has been reached. Physical channel establishment and activation time are defined in [5]. The initial uplink
DPCCH transmit power is set by higher layers[5]. In case of radio link reconfiguration the uplink DPCCH
power is kept unchanqed between before and after the reconﬂquratlon except for inner loop power control
adjustments.- es w-DPC
mqwrememsgwemn—[s]—sab-elause%—A power control preamble shall be applled as mdtcated by hlqher
layers. The uplink DPDCH transmission shall not start before the end of the power control preamble. The length
of the power control preamble is Ny, radio frames beginning at the start of uplink DPCCH transmission, where
Npep is ahigher layer parameter set by UTRAN [5]. Note that the transmission start delay between DPCCH and
DPDCH may be cancelled using a power control preamble of 0 length. The starting time for transmission of
DPDCHs shall also satisfy the constraints on adding transport channelsto a CCTrCH, as defined in [2] sub-
clause 4.2.14.

e) d)}UTRAN establishes uplink chip and frame synchronisation. Frame synchronisation can be confirmed using
the frame synchronisation word. Radio link sets remain in the initial state until N_INSYNC _IND successivein-
sync indications are received from layer 1, when Node B shall trigger the RL Restore procedure indicating
which radio link set has obtained synchronisation. When RL Restore has been triggered the radio link set shall
be considered to be in the in-sync state. The parameter value of N_INSYNC_IND is configurable, see[6]. The
RL Restore procedure may be triggered several times, indicating when synchronisation is obtained for different
radio link sets.

Note: The total signalling response delay for the establishment of a new DPCH shall not exceed the requirements given
in [8] sub-clause 7.3.

4.3.2.34 Synchronisation procedure BOnre-erseveral-existingradio-links

The synchronisation procedure B, which begins at the time indicated by higher layers (either immediately at receipt of
upper layer signalling, or at an indicated activation time)radio-link-establishment is as follows:

a) a)Thefollowing appliesto aeach Node B involved in the procedure:

- NodeB-considersnNew radio link setsto-beare set up to beininitial state.
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b)

0)

- -If aone or several radio links isto-beare added to an existing radio link set, this radio link set shall be

considered to be in the state the radio link set was prior to the addition of the radio link, i.e. if theradio link
set was in the in-sync state before the addition of the radio link it shall remain in that state.

UTRAN starts the transmission of the downlink DPCCH/DPDCH for each new radio link at a frame timing such
that the frame timing received at the UE will be within T, + 148 chips prior to the frame timing of the uplink
DPCCH/DPDCH at the UE. Simultaneously, UTRAN establishes uplink chip and frame synchronisation of the
each new radio link. Frame synchronisation can be confirmed using the frame synchronization word. Radio link
sets considered to bein theinitial state shall remain in theinitial state until N_INSYNC_IND successive in-sync
indications are received from layer 1, when Node B shall trigger the RL Restore procedure indicating which
radio link set has obtained synchronisation. When RL Restore istriggered the radio link set shall be considered
to bein thein-sync state. The parameter value of N_INSYNC_IND is configurable, see [6]. The RL Restore
procedure may be triggered several times, indicating when synchronisation is obtained for different radio link
sets.

The UE establishes chip and frame synchronisation of the-each new radio link. Layer 1 in the UE keeps reporting
downlink synchronisation status to higher layers every radio frame according to the second phase of subclause
4.3.1.2. Frame synchronisation can be confirmed using the frame synchronization word. Bewstak
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4.3 DPCCH/DPDCH synchronisation

4.3.1 Synchronisation primitives

43.1.1 General

For the dedicated channels, synchronisation primitives are used to indicate the synchronisation status of radio links,
both in uplink and downlink. The definition of the primitives is given in the following subclauses.

43.1.2 Downlink synchronisation primitives

Layer 1 in the UE shall every radio frame check synchronisation status of the downlink dedicated channels.
Synchronisation statusis indicated to higher layers using the CPHY -Sync-IND and CPHY -Out-of-Sync-IND primitives.

The criteriafor reporting synchronisation status are defined in two different phases.

Thefirst phase lasts until 160 ms after the downlink dedicated channel is considered established by higher layers
(physical channel establishment is defined in [5]). During this time out-of-sync shall not be reported and in-sync shall
be reported using the CPHY -Sync-IND primitive if the following criterion is fulfilled:

- The UE estimates the DPCCH quality over the previous 40 ms period to be better than athreshold Q,,. This
criterion shall be assumed not to be fulfilled before 40 ms of DPCCH quality measurements have been
collected. Q,, isdefined implicitly by the relevant testsin [7].

The second phase starts 160 ms after the downlink dedicated channel is considered established by higher layers. During
this phase both out-of-sync and in-sync are reported as follows.

Out-of-sync shall be reported using the CPHY -Out-of-Sync-IND primitive if either of the following criteriaare
fulfilled:

- The UE estimates the DPCCH quality over the previous 160 ms period to be worse than a threshold Qgy:. Qout IS
defined implicitly by the relevant testsin [7].

- The 20 most recently received transport blocks with a CRC attached, as observed on al TrCHs using CRC, have
been received with incorrect CRC. In addition, over the previous 160 ms, all transport blocks with a CRC
attached have been received with incorrect CRC.

In-sync shall be reported using the CPHY -Sync-IND primitive if both of the following criteria are fulfilled:

- The UE estimates the DPCCH quality over the previous 160 ms period to be better than athreshold Q;,. Qi is
defined implicitly by the relevant testsin [7].

- Atleast one transport block with a CRC attached, as observed on al TrCHsusing CRC, isreceivedina TTI
ending in the current frame with correct CRC. If no transport blocks are received, or no transport block hasa
CRC attached, this criterion shall be assumed to be fulfilled.

How the primitives are used by higher layersis described in [5]. The above definitions may lead to radio frames where
neither the in-sync nor the out-of-sync primitives are reported.

4.3.1.3 Uplink synchronisation primitives

Layer 1 inthe Node B shall every radio frame check synchronisation status of all radio link sets. Synchronisation status
isindicated to the RL Failure/Restored triggering function using either the CPHY -Sync-IND or CPHY -Out-
of-Sync-IND primitive. Hence, only one synchronisation status indication shall be given per radio link set.

The exact criteria for indicating in-sync/out-of-sync is not subject to specification, but could e.g. be based on received
DPCCH quality or CRC checks. One example would be to have the same criteria as for the downlink synchronisation
status primitives.
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432 Radio link establishment and reconfiguration

asesTwo synchronisation procedures are defined in order to

obtain radlo link svnchronlsanon between UE and UTRAN

- —Synchronisation procedure A: it shall be used -when thereis-he-existing the first radio link(s) is established
and there is no existing radio link for the UE i.e. when at least one downlink dedicated physical channel and one
uplink dedicated physical channel are to be set up on afrequency. This procedure shall also be used when
synchronised reconfiguration (i.e. when activation times are given) is applied to one or several existing radio
links and any of the following conditions are true as aresult of the reconfiguration procedure.:

- the freguency of the dedicated physical channels is changed and the timing is re-initialised as defined
in[5] or;

- the primary or secondary CPICH usage for channel estimation in the UE is changed or;

- theradio link(s) is moved to another cell on the same frequency and the timing is re-initialised as

defined in [5];

- er-Synchronisation procedure B : it shall be used- when one or several radio links already-exist_ are added to the
active set and downlink transmission starts for those radio links; i.e. when thereis an existing DPCCH/DPDCH
inthe upllnk and at least one correapondlnq dedlcated phvscal channel shaII be set up inthe downllnk aHeest

ThIS procedure shall aso be u%d when svnchromsed radio I|nk reconflquratlon (i.e. when actlvat|on t| mes are

given) is applied to one or several existing radio links and the radio link(s) is moved to another cell on the same
frequency and the timing is maintained.

All other synchronised radio link reconfigurations, i.e. when activation times are given, do not require any
synchronisation proceduresin UE or UTRAN:

Unsynchronised radio link reconfigurations, i.e. when no activation times are given, should not to require any specific
synchronisation proceduresin UE or UTRAN.

The two eases-synchronisation procedures are described in subclauses 4.3.2.2-3 and 4.3.2.3-4 respectively.

4.3.2.2 Node B radio link set state machine

In Node B, each radio link set can be in three different states: initial state, out-of-sync state and in-sync state.
Transitions between the different statesis shown in figure 1 below. The state of the Node B at the start of radio link
establishment is described in the following subclauses. Transitions between initial state and in-sync state are described
in subclauses 4.3.2.2 and 4.3.2.3 and transitions between the in-sync and out-of-sync states are described in

subclause 4.3.3.2.

Initial
state

RL Restore

RL Failure

In-sync /_\A
state \/

RL Restore

Out-of-sync
state

Figure 1: Node B radio link set states and transitions
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4.3.2.23 No-existing+radio-Synchronisation procedure Alink

The synchronisation establishment procedure, which begins at the time indicated by higher layers (either immediately at
receipt of upper layer signalling, or at an indicated activation time), radie-link-establishment-is as follows:

a) a)-Each NNode B involved in the procedure eensiderssets the-all Hsthe radio link sets which are to be setup for
this UE which-areto-beset-up-te-bein theinitia state.

b) -UTRAN shall start the transmission of the downlink DPCCH. and may start the transmission of DPDCH if any
dataisto be transmitted. If an activation time has been given downlink transmission shall not start before the
activation time has been reached. The initial downlink DPCCH transmit power is set by higher layers [6]_except
in case of radio link reconfiguration. Downlink TPC commands are generated as described in 5.1.2.2.1.2.

c) The UE establishes downlink chip and frame synchronisation of DPCCH, using the P-CCPCH timing and
timing offset information notified from UTRAN. Frame synchronisation can be confirmed using the frame
synchronisation word. Downlink synchronisation statusis reported to higher layers every radio frame according
to subclause 4.3.1.2.

d)e) The UE shall not transmit on uplink until higher layers consider the downlink physical channel established. If
no activation time for uplink DPCCH has been signalled to the UE, uplink DPCCH transmission shall start when
higher layers consider the downlink physical channel established. If an activation time has been given, uplink
DPCCH transmission shall not start before the downlink physical channel has been established and the activation
time has been reached. Physical channel establishment and activation time are defined in [5]. The initial uplink
DPCCH transmit power is set by higher layers[5]. In case of radio link reconfiguration the uplink DPCCH
power is kept unchanqed between before and after the reconﬂquratlon except for inner loop power control
adjustments.- es w-DPC
mqwrememsgwemn—[s]—sab-elause%—A power control preamble shall be applled as mdtcated by hlqher
layers. The uplink DPDCH transmission shall not start before the end of the power control preamble. The length
of the power control preamble is Ny, radio frames beginning at the start of uplink DPCCH transmission, where
Npep is ahigher layer parameter set by UTRAN [5]. Note that the transmission start delay between DPCCH and
DPDCH may be cancelled using a power control preamble of 0 length. The starting time for transmission of
DPDCHs shall also satisfy the constraints on adding transport channelsto a CCTrCH, as defined in [2] sub-
clause 4.2.14.

e) d)}UTRAN establishes uplink chip and frame synchronisation. Frame synchronisation can be confirmed using
the frame synchronisation word. Radio link sets remain in the initial state until N_INSYNC _IND successivein-
sync indications are received from layer 1, when Node B shall trigger the RL Restore procedure indicating
which radio link set has obtained synchronisation. When RL Restore has been triggered the radio link set shall
be considered to be in the in-sync state. The parameter value of N_INSYNC_IND is configurable, see[6]. The
RL Restore procedure may be triggered several times, indicating when synchronisation is obtained for different
radio link sets.

Note: The total signalling response delay for the establishment of a new DPCH shall not exceed the requirements given
in [8] sub-clause 7.3.

4.3.2.34 Synchronisation procedure BOnre-erseveral-existingradio-links

The synchronisation procedure B, which begins at the time indicated by higher layers (either immediately at receipt of
upper layer signalling, or at an indicated activation time)radio-link-establishment is as follows:

a) a)Thefollowing appliesto aeach Node B involved in the procedure:

- NodeB-considersnNew radio link setsto-beare set up to beininitial state.
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b)

0)

- -If aone or several radio links isto-beare added to an existing radio link set, this radio link set shall be

considered to be in the state the radio link set was prior to the addition of the radio link, i.e. if theradio link
set was in the in-sync state before the addition of the radio link it shall remain in that state.

UTRAN starts the transmission of the downlink DPCCH/DPDCH for each new radio link at a frame timing such
that the frame timing received at the UE will be within T, + 148 chips prior to the frame timing of the uplink
DPCCH/DPDCH at the UE. Simultaneously, UTRAN establishes uplink chip and frame synchronisation of the
each new radio link. Frame synchronisation can be confirmed using the frame synchronization word. Radio link
sets considered to bein theinitial state shall remain in theinitial state until N_INSYNC_IND successive in-sync
indications are received from layer 1, when Node B shall trigger the RL Restore procedure indicating which
radio link set has obtained synchronisation. When RL Restore istriggered the radio link set shall be considered
to bein thein-sync state. The parameter value of N_INSYNC_IND is configurable, see [6]. The RL Restore
procedure may be triggered several times, indicating when synchronisation is obtained for different radio link
sets.

The UE establishes chip and frame synchronisation of the-each new radio link. Layer 1 in the UE keeps reporting
downlink synchronisation status to higher layers every radio frame according to the second phase of subclause
4.3.1.2. Frame synchronisation can be confirmed using the frame synchronization word. Bewstak
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7.2 Closed loop mode 1

UE uses the CPICH transmitted both from antenna 1 and antenna 2 to calculate the phase adjustment to be applied at
UTRAN access point to maximise the UE received power. In each slot, UE calcul ates the optimum phase adjustment, ¢,

for antenna 2, which is then quantized into ¢Q having two possible values as follows:

w, Fxl2<¢p—-¢ (1)<37/2
¢Q = . 2
0, otherwise
where:
. 0, i =0,24,6,8101214
¢, (1) = : ©)
712, 1=135,791113

If ¢Q =0, acommand 0’ is send to UTRAN using the FSM, field. Correspondingly, if ¢Q =7, command 1’ is send to
UTRAN using the FSMy;, field.

Due to rotation of the constellation at UE the UTRAN interprets the received commands according to table 9 which
shows the mapping between phase adjustment, ¢, , and received feedback command for each UL slot.

Table 9: Phase adjustments, ¢, corresponding to feedback commands for the slots i of the UL radio
frame

Slot # 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

o
o

FSM 0 /2 0 /2 /2 0 /2 /2 0 /2 0 /2 0
1 T -1/2 T -1/2 b -mi/2 b -mi/2 T -1/2 i -1/2 b -mi/2 b

o

The weight vector, w,, isthen calculated by sliding window averaging the received phases over 2 consecutive slots.
Algorithmically, w, is calculated as follows:

Z cos(¢) z sin(g,)
W2 — i=n-1 5 + J i:nfl2 (4)

where:
S {0,72',72’/2,—72’/2} (5)
For antenna 1, the weight vector, wy, is aways:

W, =1/+/2 (6)

7.2.1 Mode 1 end of frame adjustment

In closed loop mode 1 at frame borders the sliding window averaging operation is slightly modified. Upon reception of
the FB command for dot O of the next frame, the average is cal culated based on the command for slot 13 of the
previous frame and the command for slot O of the next frame, i.e. ¢ from slot 14 is not used:

" cos(¢1"31)2+ cos(g) , ; Sl ) +sin(g{) o

2 2
where:

¢.5" = phase adjustment from framej-1, siot 13.
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- ¢6 = phase adjustment from frame j, slot 0.

7.2.2 Mode 1 normal initialisation

For the first frame of transmission UE determines the feedback commands in a normal way and sends them to UTRAN.
Before the first FB command is received, the UTRAN shall use theinitial weight W, = §(1+ ]).

Having received the first FB command the UTRAN calculates the w; as follows:

W, = cos(r / 2)2+ cos(¢,) ] sin(z / 2)2+ sin(g,)

©)

where:

@, = phase adjustment from slot 0 of the first frame.

7.2.3 Mode 1 operation during compressed mode

7.23.1 Downlink in compressed mode and uplink in normal mode

When downlink isin compressed mode but uplink is operating normally (i.e. not compressed) the UTRAN continuesit’s
Tx diversity related functions in the same way as in non-compressed downlink mode.

In compressed downlink transmission there are uplink slots for which no new estimate of the phase adjustment is
calculated. During these dots the following rules are applied in UE when determining the feedback command:

1) If no new estimate of phase adjustment, ¢, exist corresponding to the feedback command to be send in uplink
sloti:

- Ifl<i<i15:

- the feedback command sent in uplink slot i-2 is used,;
- dseifi=0:

- the feedback command sent in uplink slot 14 of previous frameis used;
- dseifi=1

- thefeedback command sent in uplink slot 13 of previous frame is used;
- endif.

2) When transmission in downlink is started again in downlink slot Njog+1 (if Njagt+1 = 15, then dot 0 in the next
frame) the UE must resume cal culating new estimates of the phase adjustment. The feedback command
corresponding to the first new estimate of ¢ must be send in the uplink slot which is transmitted 1024 chipsin
offset from the downlink ot Njg+1.

7.2.3.2 Both downlink and uplink in compressed mode

During the uplink idle slots no FB commands are sent from UE to UTRAN. When transmission in downlink is started
again in downlink sot Nj¢t+1 (if Njg+1 = 15, then dlot 0 in the next frame) the UE must resume cal culating new
estimates of the phase adjustment. The feedback command corresponding to the first new estimate of ¢ must be send in
the uplink slot which is transmitted 1024 chipsin offset from the downlink slot Nj¢+1.

The UTRAN continues to update the weight vector, w,, until the uplink enters the compressed mode and no more FB
commands are received. When the transmission in downlink resumesin slot N;.+1, the value of w, calculated after
receiving the last FB command before uplink entered the compressed mode is applied to antenna 2 signal.
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After UE resumes transmission in uplink and sends the first FB command the new value of w, is calculated as follows:
- $,={0,2 4,68, 10,12 14}.
- $={1,35,7,9,11, 13}.
- i =number of uplink slot at which the transmission resumes.
- j = number of uplink dot at which the last FB command was send before uplink entered compressed mode.
- Dowhile(ie S and je S)or(ieS,and jeS,):
- =L
- ifj<0;
- =14
- endif;
- enddo;

- caculate w, based on FB commands received in uplink slotsi and j.

7.2.4 Mode 1 initialisation during compressed mode

When closed loop mode 1 isinitialised during the downlink transmission gap of compressed mode there are slots for
which no estimate of the phase adjustment is calculated and no previous feedback command is available.

In this case, if the UE is required to send feedback in the uplink, the FB command to the UTRAN shall be ‘0’

When transmission in downlink is started again in slot Njxg+1 (if Njo+1 = 15, then slot 0 in the next frame), the

1 .
UTRAN shall usetheinitial weight W, = §(1+ J) . The UE must start calculating estimates of the phase adjustment.

The feedback command corresponding to the first estimate of ¢ must be send in the uplink slot which is transmitted
1024 chipsin offset from the downlink slot Nj.«+1. Having received this feedback command the UTRAN calculates w,
asfollows:

_ cos(¢) +cos(g;) _ sin()+sin(g)
W, = > + ] 5

(9)

where:

_¢i = phase adjustment in uplink slot i , which is transmitted 1024 chipsin offset from the downlink slot Njag+1.

4 :%, if ot i iseven (i €{0, 2, 4, 6,8,10,12,14} ) and

__ ¢, =0.ifsotiisodd(i€{L 35791113 )

7.3 Closed loop mode 2

In closed loop mode 2 there are 16 possible combinations of phase and power adjustment from which the UE selects
and transmits the FSM according to table 10 and table 11. As opposed to closed loop Mode 1, no constellation rotation
is done at UE and no filtering of the received weightsis performed at the UTRAN.
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Table 10: FSM,, subfield of closed loop mode 2 signalling message

FSMpo Power_antl Power_ant2
0 0.2 0.8
1 0.8 0.2

Table 11: FSMy;, subfield of closed loop mode 2 signalling message

FSMph Phase difference between antennas (radians)

000 T

001 -3n/4

011 -1t/2

010 -n/4

110 0

111 n/4

101 /2

100 3n/4

To obtain the best performance, progressive updating is performed at both the UE and the UTRAN Access point. The
UE procedure shown below is an example of how to determine FSM at UE. Different implementation is allowed. Every
dlot time, the UE may refineits choice of FSM, from the set of weights allowed given the previously transmitted bits of
the FSM. Thisisshownin figure 5, where, in thisfigure b; (0 <i < 3) are the bits of the FSM (from table 10 and table
11) from the MSB to the LSB and m=0, 1, 2, 3 (the end of frame adjustment given subclause 7.3.1 is not shown here).

At the beginning of a FSM to be transmitted, the UE chooses the best FSM out of the 16 possibilities. Then the UE
starts sending the FSM bits from the MSB to the LSB in the portion of FBI field of the uplink DPCCH during 4 (FSM
message length) slots. Within the transmission of the FSM the UE refines its choice of FSM. Thisis defined in the
following:

- definethe 4 bits of FSM, which are transmitted from slot number k to k+3, as { bs(k) bo(k+1) by(k+2) bo(k+3)},
where k=0, 4, 8, 12. Define also the estimated received power criteria defined in Equation 1 for agiven FSM as
P ({X3,X2 X1 X} ), where { X3X, X1 Xo } iSone of the 16 possible FSMs which defines an applied phase and power
offset according to table 10 and table 11. The b() and x; are 0 or 1.

The bits transmitted during the m'th FSM of the frame, where m=0,1,2,3, are then given by:

b3(4m)=X3 from the { X3 X, X1 Xo} which maximises P ({X3 X X1 X} ) over all X3,X2,X1,Xo (16 possible
combinations);

b,(4m+1)=X, from the { b3(4m) X, X; X} which maximises P ({bs(4m) X, X; Xo}) over al x,,X1,Xo (8 possible
combinations);

by(4m+2)=X; from the { by(4m) by(4m+1) X; Xo} which maximises P ({bs(4m) by(4m+1) x1 Xo}) over all x1.%
(4 possible combinations);

bo(4m+3)=X, from the { bs(4m) by(4m+1) by(4m+2) X} which maximises P ({ bs(4m) by(4m+1) by(4m+2) Xo})
over X, (2 possible combinations).
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Slot 4m

Slot 4m+1

Slot 4m+2

Slot 4m+3

Send b;(4m)

Send b,(4m+1)

Send b, (4m+2)

Send by(4m+3)
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A
{X3 %5 Xy Xo} {X3 X, X4 Xo} { X3 X5 X1 Xo} {X3 X5 X4 Xo}
0000 by (4m) 000 b,(4m) b,(4m+1) 00
0001 b;(4m)001 b, (4m) by(4m+1) 01  b;(4m) by(4m+1) by(4m+2) O
b, (4m) b(4m+1) 10 b3 (4m) by(4m+1) by(4m+2) 1
b; (4m) b(4m+1) 11
2 values
4 values
by(4m) 111
1111
8 values
16 values

Figure 5: Progressive Refinement at the UE for closed loop mode 2

Every slot time the UTRAN constructs the FSM from the most recently received bits for each position in the word and
applies the phase and amplitude (derived from power) as defined by table 10 and table 11. More precisely, the UTRAN
operation can be explained as follows. The UTRAN maintains aregister z={ z3 z, z; 75}, which is updated every slot
time according to z=b;(ns) (i=0:3, ns=0:14). Every slot time the contents of register z are used to determine the phase
and power adjustments as defined by table 10 and table 11, with FSMy, ={z5 2, z;} and FSM po=2o.

Special procedures for initialisation and end of frame processing are described below.

The weight vector, w, isthen calculated as:

3 +/ power _antl 9)
A/ power _ant2exp(j phase_ diff)

7.3.1 Mode 2 end of frame adjustment

The FSM must be wholly contained within a frame. To achieve this an adjustment is made to the last FSM in the frame
where the UE only sends the FSM;, subfield, and the UTRAN takes the power bit FSM, of the previous FSM.

7.3.2

For the first frame of transmission using closed loop mode 2, the operation is as follows.

Mode 2 normal initialisation

The UE starts sending the FSM message from slot 0 in the normal way. The UE may refine its choice of FSM in slots 1
to 3 from the set of weights allowed given the previously transmitted bits of the FSM.

Before the first FSM message is received and during the reception of the first three FSM hits, the UTRAN Access Point
shall initialiseits transmissions as follows. The power in both antennasiis set to 0.5. The phase offset applied between
the antennas is updated according to the number and value of FSM, bits received as given in table 12.
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Table 12:

FSMy, normal initialisation for closed loop mode 2

FSMon

0--
1--
00-
01-
11-
10-
000
001
011
010
110
111
101
100

Phase difference between antennas (radians)
n (normal initialisation)
or held from previous setting (compressed mode recovery)

s
0
T

-1/2
0

/2
s

-3n/4

-1/2

-ml4
0

nl4

/2

3n/4

This operation appliesin both the soft handover and non soft handover cases.

7.3.3 Mode 2 operation during compressed mode

7.3.3.1 Downlink in compressed mode and uplink in normal mode

CR page 7

When the downlink isin compressed mode and the uplink isin normal mode, the closed loop mode 2 functions are

described below.

When the UE is not listening to the CPICH from antennas 1 and 2 during the idle downlink slots, the UE sends the last
FSM bhits calculated before entering in the compressed mode.

For recovery after compressed mode, UTRAN Access Point sets the power in both antennas to 0.5 until a FSM, bit is
received. Until the first FSM, bit is received and acted upon, UTRAN uses the phase offset, which was applied before
the transmission interruption (table 12).

Normal initialisation of FSM, (table 12) occursiif the uplink signalling information resumes at the beginning of a FSM
period (that isif signalling resumesin dots0,4,8,12).

If the uplink signalling does not resume at the beginning of a FSM period, the following operation is performed. In each
of the remaining slots of the partial FSM period, and for the first slot of the next full FSM period, the UE sends the first
(i.e. MSB) bit of the FSM;, message, and at the UTRAN access point the phase offset applied between the antennasis
updated according to the number and value of FSM, bits received as given in table 13. Initialisation then continues
with the transmission by the UE of the remaining FSM, bits and the UTRAN operation according to table 12.

Table 13: FSMy;, subfield of closed loop mode 2 in compressed mode recovery period

FSMph Phase difference between antennas (radians)
- held from previous setting
0 T[
1 0
7.3.3.2 Both downlink and uplink in compressed mode

During both downlink and uplink compressed mode, the UTRAN and the UE performs the functions of recovery after
compressed mode as described in the previous subclause 7.3.3.1.
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7.3.4 Mode 2 initialisation during compressed mode

When closed loop mode 2 isinitialised during the downlink transmission gap of compressed mode there are slots for
which no FSM hit is calculated and no previous sent FSM bit is available.

In this case, if the UE is required to send feedback in the uplink, the FB command to the UTRAN shall be‘0'.

The UTRAN and the UE perform the functions of recovery after the downlink transmission gap as described in the
previous subclause 7.3.3.1. If no previous phase setting is available, UTRAN shall use the phase offset &, until the first
FSM, bit is received and acted upon.
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7.2 Closed loop mode 1

UE uses the CPICH transmitted both from antenna 1 and antenna 2 to cal culate the phase adjustment to be applied at
UTRAN access point to maximise the UE received power. In each slot, UE calcul ates the optimum phase adjustment, ¢,

for antenna 2, which is then quantized into ¢Q having two possible values as follows:

4o = w, F7xl2<¢p—¢ (1)<37/2 @
? |0, otherwise
where:
. 0, i =0,2,4,6,810,12,14
(i) = : ®
712, 1=135791113

If ¢Q =0, acommand 0’ is send to UTRAN using the FSMy;, field. Correspondingly, if ¢Q =7, command 1’ issend to
UTRAN using the FSMy;, field.

Dueto rotation of the constellation at UE the UTRAN interprets the received commands according to table 9 which
shows the mapping between phase adjustment, ¢, , and received feedback command for each UL slot.

Table 9: Phase adjustments, ¢, corresponding to feedback commands for the slots i of the UL radio

frame
Slot # 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
FSM 0 0 /2 0 /2 0 /2 0 /2 0 /2 0 /2 0 /2 0
1 b1 -1/2 b -1/2 b1 -1/2 b1 -1t/2 b -1/2 b -t/2 b1 -1/2 b1

The weight vector, W, isthen calculated by diding window averaging the received phases over 2 consecutive dots.
Algorithmically, w; is calculated as follows:

Y.cosg) D sin(g)
W2 — i=n-1 5 + ] i=n—12 (4

where:
S {O,ﬂ,ﬁ/Z,—ﬁ/Z} (5)
For antenna 1, the weight vector, wy, is aways:

w, =1/+/2 (6)

7.2.1 Mode 1 end of frame adjustment

In closed loop mode 1 at frame borders the diding window averaging operation is slightly modified. Upon reception of
the FB command for dot O of the next frame, the average is calculated based on the command for slot 13 of the
previous frame and the command for slot 0 of the next frame, i.e. ¢ from slot 14 is not used:

- SO0+ 0O SOG") + i) o

where:

¢1j3_1 = phase adjustment from frame j-1, slot 13.
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- ¢6 = phase adjustment from framej, slot 0.

7.2.2 Mode 1 normal initialisation

For the first frame of transmission UE determines the feedback commandsin a normal way and sends them to UTRAN.
Before the first FB command is received, the UTRAN shall use theinitial weight W, = E(l+ i).

Having received the first FB command the UTRAN calcul ates the w, as follows:

W, = cos(r / 2)2+ cos(¢,) ] sn(z/ 2)2+ sin(4,) ®

where:

¢O = phase adjustment from slot O of the first frame.

7.2.3 Mode 1 operation during compressed mode

7.23.1 Downlink in compressed mode and uplink in normal mode

When downlink isin compressed mode but uplink is operating normally (i.e. not compressed) the UTRAN continues
it's Tx diversity related functions in the same way as in non-compressed downlink mode.

In compressed downlink transmission there are uplink slots for which no new estimate of the phase adjustment is
calculated. During these dlots the following rules are applied in UE when determining the feedback command:

1) If no new estimate of phase adjustment, ¢, exist corresponding to the feedback command to be send in uplink
doti:

- Ifl<i<i15:

- thefeedback command sent in uplink slot i-2 is used;
- eseifi=0:

- thefeedback command sent in uplink slot 14 of previous frameis used,;
- deeifi=1:

- thefeedback command sent in uplink slot 13 of previous frameis used;
- endif.

2) When transmission in downlink is started again in downlink slot Njg+1 (if Nj.g+1 = 15, then dot 0 in the next
frame) the UE must resume calculating new estimates of the phase adjustment. The feedback command
corresponding to the first new estimate of ¢ must be send in the uplink slot which is transmitted 1024 chipsin
offset from the downlink slot Nj+1.

7.2.3.2 Both downlink and uplink in compressed mode

During the uplink idle slots no FB commands are sent from UE to UTRAN. When transmission in downlink is started
againin downlink slot Njag+1 (if Njog+1 = 15, then slot 0 in the next frame) the UE must resume cal culating new
estimates of the phase adjustment. The feedback command corresponding to the first new estimate of ¢ must be send in
the uplink slot which istransmitted 1024 chips in offset from the downlink slot Njq+1.

The UTRAN continues to update the weight vector, w,, until the uplink enters the compressed mode and no more FB
commands are received. When the transmission in downlink resumesin slot Nj.4+1, the value of w, calculated after
receiving the last FB command before uplink entered the compressed mode is applied to antenna 2 signal.
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After UE resumes transmission in uplink and sends the first FB command the new value of w; is calculated as follows:
- $,={0,2 4,6,8,10,12 14}.
- $={1,3,57,9 11, 13}.
- i = number of uplink slot at which the transmission resumes.
- j =number of uplink slot at which the last FB command was send before uplink entered compressed mode.
- Dowhile(ie Sand je S)or(ieS,and jeS,):
- 0=y
- ifj<0;
- =14
- endif;
- enddo;

- caculate w, based on FB commands received in uplink slotsi and j.

7.2.4 Mode 1 initialisation during compressed mode

When closed loop mode 1 isinitialised during the downlink transmission gap of compressed mode there are slots for
which no estimate of the phase adjustment is calculated and no previous feedback command is available.

In this case, if the UE is required to send feedback in the uplink, the FB command to the UTRAN shall be ‘0.

When transmission in downlink is started again in slot Njagt+1 (if Njagt1 = 15, then dot O in the next frame), the

1 ,
UTRAN shall use theinitial weight W, = > (1+ j) . The UE must start calculating estimates of the phase adjustment.

The feedback command corresponding to the first estimate of ¢ must be send in the uplink slot which is transmitted
1024 chipsin offset from the downlink slot Nj.¢+1. Having received this feedback command the UTRAN calculates w,
asfollows:

_ cos(g,) +coslg)) . sin(g,)+sin(g)
W, = > + >

9)

where:

o ¢i = phase adjustment in uplink slot i , which is transmitted 1024 chipsin offset from the downlink slot Njag+1.

4 =%. if slot i iseven ( | €{0, 2, 4, 6,8,10,12,14} ) and

¢y =0.ifdotiisodd (i€{1,357,91113 )

7.3 Closed loop mode 2

In closed loop mode 2 there are 16 possible combinations of phase and power adjustment from which the UE selects
and transmits the FSM according to table 10 and table 11. As opposed to closed loop Mode 1, no constellation rotation
isdone at UE and no filtering of the received weightsis performed at the UTRAN.
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Table 10: FSM,, subfield of closed loop mode 2 signalling message

FSMpo Power_antl Power_ant2
0 0.2 0.8
1 0.8 0.2

Table 11: FSMy;, subfield of closed loop mode 2 signalling message

FSMpn Phase difference between antennas (radians)
000 b
001 -3n/4
011 -1t/2
010 -n/4
110 0
111 /4
101 /2
100 3n/4

To obtain the best performance, progressive updating is performed at both the UE and the UTRAN Access point. The
UE procedure shown below is an example of how to determine FSM at UE. Different implementation is allowed. Every
dlot time, the UE may refine its choice of FSM, from the set of weights allowed given the previously transmitted bits of
the FSM. Thisis shown in figure 5, where, in thisfigure b, (0 <i < 3) are the bits of the FSM (from table 10 and table
11) from the MSB to the LSB and m=0, 1, 2, 3 (the end of frame adjustment given subclause 7.3.1 is not shown here).

At the beginning of a FSM to be transmitted, the UE chooses the best FSM out of the 16 possibilities. Then the UE
starts sending the FSM bits from the MSB to the LSB in the portion of FBI field of the uplink DPCCH during 4 (FSM
message length) slots. Within the transmission of the FSM the UE refines its choice of FSM. Thisis defined in the
following:

- define the 4 bits of FSM, which are transmitted from slot number k to k+3, as { by(k) ba(k+1) by(k+2) bg(k+3)},
where k=0, 4, 8, 12. Define a so the estimated received power criteria defined in Equation 1 for agiven FSM as
P ({ X3, X2 X1 Xo} ), where { X3X, X1 Xo } is one of the 16 possible FSMs which defines an applied phase and power
offset according to table 10 and table 11. The b() and x; are O or 1.

The bits transmitted during the m’th FSM of the frame, where m=0,1,2,3, are then given by:

bs(4m)=X3 from the { X3 X, X1 X} which maximises P ({ X3 X» X1 Xo} ) over al X3,X2,X1,Xq (16 possible
combinations);

b,(4m+1)=X, from the { bs(4m) X, X; Xo} which maximises P ({ bs(4m) X, X1 Xo} ) over all X,,X1,Xq (8 possible
combinations);

b;(4m+2)=X, from the { bs(4m) by(4m+1) X; Xo} which maximises P ({ by(4m) by(4m+1) X3 Xo}) over al X3,Xo
(4 possible combinations);

bo(4m+3)=X, from the { b3(4m) by(4m+1) by (4m+2) Xo} which maximises P ({ bs(4m) by(4m+1) by (4m+2) Xo})
over X, (2 possible combinations).
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Slot 4m Slot 4m+1 Slot 4m+2 Slot 4m+3
Send b;(4m) Send b,(4m+1) Send b, (4m+2) Send by(4m+3)
A
{ X3 X2 Xy Xo} { X3 X2 Xg Xo} { X3 X5 X1 Xo} { X3 X2 Xg Xo}
0000 by(4m) 000 by(4m) by(4m+1) 00
0001 b;(4m) 001 b, (4m) by(4m+1) 01 b3 (4m) by(4m+1) by(4m+2) O

b, (4m) by(4m+1) 10 b3 (4m) by(4m+1) by(4m+2) 1
b;(4m) b,(4m+1) 11

2 values
4 values

b;(4m) 111
1111

8 values
16 values

Figure 5: Progressive Refinement at the UE for closed loop mode 2

Every dot time the UTRAN constructs the FSM from the most recently received bits for each position in the word and
applies the phase and amplitude (derived from power) as defined by table 10 and table 11. More precisely, the UTRAN
operation can be explained as follows. The UTRAN maintains aregister z={z3 z, z; o}, which is updated every slot
time according to z=b;(ns) (i=0:3, ns=0:14). Every slot time the contents of register z are used to determine the phase
and power adjustments as defined by table 10 and table 11, with FSM, ={z3 z; z;} and FSM po=2;.

Specia procedures for initialisation and end of frame processing are described below.

The weight vector, w, is then calculated as:

We A/ power _antl )
— | power _ant2exp(j phase_ diff)

7.3.1 Mode 2 end of frame adjustment

The FSM must be wholly contained within a frame. To achieve this an adjustment is made to the last FSM in the frame
where the UE only sends the FSMy;, subfield, and the UTRAN takes the power bit FSM, of the previous FSM.

7.3.2 Mode 2 normal initialisation

For the first frame of transmission using closed loop mode 2, the operation is as follows.

The UE starts sending the FSM message from slot 0 in the normal way. The UE may refine its choice of FSM in slots 1
to 3 from the set of weights allowed given the previously transmitted bits of the FSM.

Before the first FSM message is received and during the reception of the first three FSM bits, the UTRAN Access Point
shall initialise its transmissions as follows. The power in both antennasis set to 0.5. The phase offset applied between
the antennas is updated according to the number and value of FSM;, bits received as given in table 12.
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Table 12: FSMg, normal initialisation for closed loop mode 2

FSMph Phase difference between antennas (radians)
--- 7 (normal initialisation)
or held from previous setting (compressed mode recovery)
0-- T
1-- 0
00- ‘n;
01- -1i/2
11- 0
10- /2
000 T
001 -3n/4
011 -1i/2
010 -nl4
110 0
111 nl4
101 /2
100 3n/4

This operation applies in both the soft handover and non soft handover cases.
7.3.3 Mode 2 operation during compressed mode

7.33.1 Downlink in compressed mode and uplink in normal mode

When the downlink isin compressed mode and the uplink isin normal mode, the closed loop mode 2 functions are
described below.

When the UE is not listening to the CPICH from antennas 1 and 2 during the idle downlink dots, the UE sends the last
FSM bits calculated before entering in the compressed mode.

For recovery after compressed mode, UTRAN Access Point sets the power in both antennas to 0.5 until a FSM, bit is
received. Until the first FSM, bit is received and acted upon, UTRAN uses the phase offset, which was applied before
the transmission interruption (table 12).

Normal initialisation of FSM, (table 12) occursiif the uplink signalling information resumes at the beginning of a FSM
period (that isif signalling resumesin slots 0,4,8,12).

If the uplink signalling does not resume at the beginning of a FSM period, the following operation is performed. In each
of the remaining slots of the partial FSM period, and for the first slot of the next full FSM period, the UE sends the first
(i.e. MSB) bit of the FSM, message, and at the UTRAN access point the phase offset applied between the antennas is
updated according to the number and value of FSM;, bits received as given in table 13. Initialisation then continues
with the transmission by the UE of the remaining FSM, bits and the UTRAN operation according to table 12.

Table 13: FSMy;, subfield of closed loop mode 2 in compressed mode recovery period

FSMpn Phase difference between antennas (radians)
- held from previous setting
0 T
1 0
7.3.3.2 Both downlink and uplink in compressed mode

During both downlink and uplink compressed mode, the UTRAN and the UE performs the functions of recovery after
compressed mode as described in the previous subclause 7.3.3.1.
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7.3.4 Mode 2 initialisation during compressed mode

When closed |loop mode 2 isinitialised during the downlink transmission gap of compressed mode there are slots for
which no FSM bit is calculated and no previous sent FSM bit is available.

In this case, if the UE is required to send feedback in the uplink, the FB command to the UTRAN shall be ‘0.

The UTRAN and the UE perform the functions of recovery after the downlink transmission gap as described in the
previous subclause 7.3.3.1. If no previous phase setting is available, UTRAN shall use the phase offset &, until the first
FSMn bit is received and acted upon.
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8.2 Parameters of IPDL

The following parameters are signalled to the UE via higher layers:

IP_Status: Thisisalogic value that indicates if the idle periods are arranged in continuous or burst
mode.
I P_Spacing: The number of 10 msradio frames between the start of aradio frame that contains an idle

period and the next radio frame that contains an idle period. Note that there is at most one
idle period in aradio frame.

IP_Length: The length of the idle periods, expressed in symbols of the CPICH.

IP_Offset: A cell specific offset that can be used to synchronise idle periods from different sectors
within a Node B.

Seed: Seed for the pseudo random number generator.

Additionally in the case of burst mode operation the following parameters are also communicated to the UE.

Burst_Start: Specifies the start of the first burst of idle periods. 256xBurstStart is Fthe SFN where the
first burst of idle periods starts.

Burst_L ength: The number of idle periodsin aburst of idle periods.

Burst_Freq: Specifies the time between the start of a burst and the start of the next burst. 256xBurst_Freq
is Fthe number of radio frames of the primary CPICH between the start of a burst and the
start of the next burst.

8.3 Calculation of idle period position

In burst mode, the first burst startsin the radio frame with SFN = 256xBurst_Start. The n:th burst startsin the radio
frame with SFN = 256xBurst_Start + nx256xBurst_Freq. The sequence of bursts according to this formula continues up
to and including the radio frame with SFN = 4095. At the start of the radio frame with SFN = 0, the burst sequenceis
terminated (no idle periods are generated) and at SFN = 256xBurst_Start the burst sequence is restarted with the first
burst followed by the second burst etc., as described above.

Continuous mode is equivalent to burst mode, with only one burst spanning the whole SFN cycle of 4096 radio frames,
this burst starting in the radio frame with SFN = 0.

Assume that IP_Position(x) is the position of idle period number x within aburst, wherex =1, 2, ..., and IP_Position(x)
is measured in number of CPICH symbols from the start of the first radio frame of the burst.

The positions of the idle periods within each burst are then given by the following equation:
IP_Position(x) = (x x IP_Spacing x 150) + (rand(x modulo 64) modulo (150 — IP_Length)) + IP_Offset;
where rand(n) is a pseudo random generator defined as follows:
rand(0) = Seed;
rand(n) = (106xrand(n — 1) + 1283) modulo 6075, n=1, 2, 3, ....
Note that x isreset to x = 1 for the first idle period in every burst.

Figure 6 below illustrates the idle periods for the burst mode case.
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Figure 6: Idle Period placement in the case of burst mode operation
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5.2.1.3 Power control in compressed mode

The aim of downlink power control in uplink or/and downlink compressed mode is to recover asfast as possible a
signal-to-interference ratio (SIR) close to the target SIR after each transmission gap.

The UE behaviour is the same in compressed mode as in normal mode, described in subclause 5.2.1.2.

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

The power of the DPCCH and DPDCH in the first slot after the transmission gap should be set to the same value as in
the dlot just before the transmission gap.

In every dlot during compressed mode except during downlink transmission gaps, UTRAN shall estimate the k:ith TPC
command and adjust the current downlink power P(k-1) [dB] to a new power P(k) [dB] according to the following
formula

P(k) = P(k - 1) + Prpc(K) + Par(K) + Poa(k),

where Prpc(K) isthe kith power adjustment due to the inner loop power control, Pgr(K) is the k-th power adjustment due
to the downlink target SIR variation, and P,y (k) [dB] is a correction according to the downlink power control procedure
for balancing radio link powers towards a common reference power. The power balancing procedure and control of the
procedure is described in [6].

Due to transmission gaps in uplink compressed frames, there may be missing TPC commands in the uplink. If no uplink
TPC command is received, Prpc(K) derived by the Node B shall be set to zero. Otherwise, Prpc(K) is calculated the same
way asin normal mode (see sub-clause 5.2.1.2.2) but with a step size Agrep instead of Arpc.

The power control step size Astep = Agp.trc during RPL dlots after each transmission gap and Asrep = Atpc Otherwise,
where:

- RPL isthe recovery period length and is expressed as a number of slots. RPL is equal to the minimum value out
of the transmission gap length and 7 dlots. If atransmission gap is scheduled to start before RPL slots have
elapsed, then the recovery period shall end at the start of the gap, and the value of RPL shall be reduced
accordingly.

—  Agp.trc iscaled the recovery power control step size and is expressed in dB. Agp.1pc IS €qual to the minimum
value of 3 dB and 2A+pc.

The power offset Pgr(K) = 6Py - Ppre, Where 8P, and 8Py, are respectively the value of 5P in the current slot and
the most recently transmitted slot and 6P is computed as follows:

8P = max (AP1_compression, ..., APn_compression) + AP1_coding + AP2_coding

where n isthe number of different TTI lengths amongst TTIs of al TrChs of the CCTrCh, where AP1_coding and
AP2_coding are computed from uplink parameters DeltaSIR1, DeltaSIR2, DeltaSIRafterl, DeltaSIRafter2 signaled by
higher layers as:

- AP1 coding = DeltaSIR1 if the start of the first transmission gap in the transmission gap pattern is within the
current frame.

- APlcoding = DeltaSIRafterl if the current frame just follows a frame containing the start of the first transmission
gap in the transmission gap pattern.

- AP2_coding = DeltaSIR2 if the start of the second transmission gap in the transmission gap pattern is within the
current frame.

- AP2_coding = DeltaSIRafter2 if the current frame just follows a frame containing the start of the second
transmission gap in the transmission gap pattern.

- AP1_coding = 0 dB and AP2_coding = 0 dB in &l other cases.

and APi_compression is defined by :
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- APi_compression = 3 dB for downlink frames compressed by reducing the spreading factor by 2.

- APi_compression = 10 log (15*F;/ (15*F - TGL))) if there is atransmission gap created by puncturing method
within the current TTI of length F; frames, where TGL,; is the gap length in number of dots (either from one gap
or asum of gaps) in the current TTI of length F; frames.

- APi_compression = 0 dB in all other cases.

In case several compressed mode patterns are used simultaneously, a 8P offset is computed for each compressed mode
pattern and the sum of all 6P offsetsis applied to the frame.

For all time slots except those in transmissions gaps, the average power of transmitted DPDCH symbols over one
timeslot shall not exceed Maximum_DL_Power (dB) by more than Pgg, nor shall it be below Minimum DL _Power
(dB). Transmitted DPDCH symbol means here a complex QPSK symbol before spreading which does not contain DTX.
Maximum_DL_Power (dB) and Minimum DL_Power (dB) are power limits for one channelisation code, relative to the
primary CPICH power [6].
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5.2.1.3 Power control in compressed mode

The aim of downlink power control in uplink or/and downlink compressed mode is to recover asfast as possible a
signal-to-interference ratio (SIR) close to the target SIR after each transmission gap.

The UE behaviour is the same in compressed mode as in normal mode, described in subclause 5.2.1.2.

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

The power of the DPCCH and DPDCH in the first slot after the transmission gap should be set to the same value as in
the dlot just before the transmission gap.

In every dlot during compressed mode except during downlink transmission gaps, UTRAN shall estimate the k:ith TPC
command and adjust the current downlink power P(k-1) [dB] to a new power P(k) [dB] according to the following
formula

P(k) = P(k - 1) + Prpc(K) + Par(K) + Poa(k),

where Prpc(K) isthe kith power adjustment due to the inner loop power control, Pgr(K) is the k-th power adjustment due
to the downlink target SIR variation, and P,y (k) [dB] is a correction according to the downlink power control procedure
for balancing radio link powers towards a common reference power. The power balancing procedure and control of the
procedure is described in [6].

Due to transmission gaps in uplink compressed frames, there may be missing TPC commands in the uplink. If no uplink
TPC command is received, Prpc(K) derived by the Node B shall be set to zero. Otherwise, Prpc(K) is calculated the same
way asin normal mode (see sub-clause 5.2.1.2.2) but with a step size Agrep instead of Arpc.

The power control step size Astep = Agp.trc during RPL dlots after each transmission gap and Asrep = Atpc Otherwise,
where:

- RPL isthe recovery period length and is expressed as a number of slots. RPL is equal to the minimum value out
of the transmission gap length and 7 dlots. If atransmission gap is scheduled to start before RPL slots have
elapsed, then the recovery period shall end at the start of the gap, and the value of RPL shall be reduced
accordingly.

—  Agp.trc iscaled the recovery power control step size and is expressed in dB. Agp.1pc IS €qual to the minimum
value of 3 dB and 2A+pc.

The power offset Pgr(K) = 6Py - Ppre, Where 8P, and 8Py, are respectively the value of 5P in the current slot and
the most recently transmitted slot and 6P is computed as follows:

8P = max (AP1_compression, ..., APn_compression) + AP1_coding + AP2_coding

where n isthe number of different TTI lengths amongst TTIs of al TrChs of the CCTrCh, where AP1_coding and
AP2_coding are computed from uplink parameters DeltaSIR1, DeltaSIR2, DeltaSIRafterl, DeltaSIRafter2 signaled by
higher layers as:

- AP1 coding = DeltaSIR1 if the start of the first transmission gap in the transmission gap pattern is within the
current frame.

- APlcoding = DeltaSIRafterl if the current frame just follows a frame containing the start of the first transmission
gap in the transmission gap pattern.

- AP2_coding = DeltaSIR2 if the start of the second transmission gap in the transmission gap pattern is within the
current frame.

- AP2_coding = DeltaSIRafter2 if the current frame just follows a frame containing the start of the second
transmission gap in the transmission gap pattern.

- AP1_coding = 0 dB and AP2_coding = 0 dB in &l other cases.

and APi_compression is defined by :
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- APi_compression = 3 dB for downlink frames compressed by reducing the spreading factor by 2.

- APi_compression = 10 log (15*F;/ (15*F - TGL))) if there is atransmission gap created by puncturing method
within the current TTI of length F; frames, where TGL,; is the gap length in number of dots (either from one gap
or asum of gaps) in the current TTI of length F; frames.

- APi_compression = 0 dB in all other cases.

In case several compressed mode patterns are used simultaneously, a 8P offset is computed for each compressed mode
pattern and the sum of all 6P offsetsis applied to the frame.

For all time slots except those in transmissions gaps, the average power of transmitted DPDCH symbols over one
timeslot shall not exceed Maximum_DL_Power (dB) by more than Pgg, nor shall it be below Minimum DL _Power
(dB). Transmitted DPDCH symbol means here a complex QPSK symbol before spreading which does not contain DTX.
Maximum_DL_Power (dB) and Minimum DL_Power (dB) are power limits for one channelisation code, relative to the
primary CPICH power [6].
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