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4.2.2.3.1 Gain Factors 

Two or more transport channels may be multiplexed onto a CCTrCH as described in [9]. These transport channels 
undergo rate matching which involves repetition or puncturing. This rate matching affects the transmit power required 
to obtain a particular Eb/N0. Thus, the transmission power of the CCTrCH shall be weighted by a gain factor �. 

There are two ways of controlling the gain factors for different TFC’s within a CCTrCH transmitted in a radio frame: 

- � is signalled for the TFC, or 

- � is computed for the TFC, based upon the signalled settings for a reference TFC. 

Combinations of the two above methods may be used to associate � values to all TFC’s in the TFCS for a CCTrCH.  
The two methods are described in sections 4.2.2.3.1.1 and 4.2.2.3.1.2 respectively.  Several reference TFC’s for several 
different CCTrCH’s may be signalled from higher layers. 

The weight and gain factors may vary on a radio frame basis depending upon the current SF and TFC used. The setting 
of weight and gain factors is independent of any other form of power control. That means that the transmit power PUL is 
calculated according to the formula given in [15] and then the weight and gain factors are applied on top of that, cf. 
[10]. 

4.2.2.3.1.1 Signalled Gain Factors 

When the gain factor �j is signalled by higher layers for a certain TFC, the signalled values are used directly for 
weighting DPCH or PUSCH within a CCTrCH. Exact values are given in [10]. 

4.2.2.3.1.2 Computed Gain Factors 

The gain factor��j may also be computed for certain TFCs, based on the signalled settings for a reference TFC: 

Let �ref denote the signalled gain factor for the reference TFC. Further, let �j denote the gain factor used for the j-th 
TFC. 

Define the variable: � ��
i

iiref NRMK  

where RMi is the semi-static rate matching attribute for transport channel i, Ni is the number of bits output from the 
radio frame segmentation block for transport channel i and the sum is taken over all the transport channels i in the 
reference TFC. 

Similarly, define the variable � ��
i

iij NRMK  

where the sum is taken over all the transport channels i in the j-th TFC. 

Moreover, define the variable ��
i i

ref SF
L

1
 

where SFi is the spreading factor of DPCH or PUSCH i and the sum is taken over all DPCH or PUSCH i used in the 
reference TFC. 

Similarly, define the variable ��
i i

j SF
L

1
 

where the sum is taken over all DPCH or PUSCH i used in the j-th TFC. 

Then the variable Aj, called the nominal power relation for TFC j, is computed as: 
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The gain factors �j for the j-th TFC are then computed as follows: 

- If Aj > 1, then �j is the largest quantized �-value, for which the condition �j � 1 / Aj holds. 

- If Aj � 1, then �j is the smallest quantized �-value, for which the condition �j � 1 / Aj holds. 

The quantized �-values are given in [10]. 

ref

j

j

ref
j K

K

L

L
���  

No quantisation of �j is performed and as such, values other than the quantised �j given in [10] may be used. 
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4.2.2.3.1 Gain Factors 

Two or more transport channels may be multiplexed onto a CCTrCH as described in [9]. These transport channels 
undergo rate matching which involves repetition or puncturing. This rate matching affects the transmit power required 
to obtain a particular Eb/N0. Thus, the transmission power of the CCTrCH shall be weighted by a gain factor �. 

There are two ways of controlling the gain factors for different TFC’s within a CCTrCH transmitted in a radio frame: 

- � is signalled for the TFC, or 

- � is computed for the TFC, based upon the signalled settings for a reference TFC. 

Combinations of the two above methods may be used to associate � values to all TFC’s in the TFCS for a CCTrCH.  
The two methods are described in sections 4.2.2.3.1.1 and 4.2.2.3.1.2 respectively.  Several reference TFC’s for several 
different CCTrCH’s may be signalled from higher layers. 

The weight and gain factors may vary on a radio frame basis depending upon the current SF and TFC used. The setting 
of weight and gain factors is independent of any other form of power control. That means that the transmit power PUL is 
calculated according to the formula given in [15] and then the weight and gain factors are applied on top of that, cf. 
[10]. 

4.2.2.3.1.1 Signalled Gain Factors 

When the gain factor �j is signalled by higher layers for a certain TFC, the signalled values are used directly for 
weighting DPCH or PUSCH within a CCTrCH. Exact values are given in [10]. 

4.2.2.3.1.2 Computed Gain Factors 

The gain factor��j may also be computed for certain TFCs, based on the signalled settings for a reference TFC: 

Let �ref denote the signalled gain factor for the reference TFC. Further, let �j denote the gain factor used for the j-th 
TFC. 

Define the variable: � ��
i

iiref NRMK  

where RMi is the semi-static rate matching attribute for transport channel i, Ni is the number of bits output from the 
radio frame segmentation block for transport channel i and the sum is taken over all the transport channels i in the 
reference TFC. 

Similarly, define the variable � ��
i

iij NRMK  

where the sum is taken over all the transport channels i in the j-th TFC. 

Moreover, define the variable ��
i i

ref SF
L

1
 

where SFi is the spreading factor of DPCH or PUSCH i and the sum is taken over all DPCH or PUSCH i used in the 
reference TFC. 

Similarly, define the variable ��
i i

j SF
L

1
 

where the sum is taken over all DPCH or PUSCH i used in the j-th TFC. 

Then the variable Aj, called the nominal power relation for TFC j, is computed as: 
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The gain factors �j for the j-th TFC are then computed as follows: 

- If Aj > 1, then �j is the largest quantized �-value, for which the condition �j � 1 / Aj holds. 

- If Aj � 1, then �j is the smallest quantized �-value, for which the condition �j � 1 / Aj holds. 

The quantized �-values are given in [10]. 
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No quantisation of �j is performed and as such, values other than the quantised �j given in [10] may be used. 
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4.7 Random access procedure 

The physical random access procedure described below is invoked whenever a higher layer requests transmission of a 
message on the RACH. The physical random access procedure is controlled by primitives from RRC and MAC. 
Retransmission on the RACH in case of failed transmission (e.g. due to a collision) is controlled by higher layers. Thus, 
the backoff algorithm and associated handling of timers is not described here. The definition of the RACH in terms of 
PRACH sub-channels and associated Access Service Classes is broadcast on the BCH in each cell. Parameters for 
common physical channel uplink outer loop power control are also broadcast on the BCH in each cell. The UE needs to 
decode this information prior to transmission on the RACH. 

 

4.7.1 PRACH sub-channels 

A PRACH is defined by a timeslot and a channelization code, which is randomly selected from the PRACH 
Channelisation Code List [15] signaled by higher layers. In order to separate different ASCs each PRACH has N sub-
channels associated with it (numbered from 0 to N-1). N may be assigned the value 1,2,4, or 8 by higher layer signaling. 
Sub-channel i for a PRACH defined in timeslot k is defined as the k:th slot in the frames where SFN mod N = i. 
Therefore follows the definition: 

 

- Sub-channel i associated to a PRACH defined in timeslot k is defined as the k:th timeslot in the frames where 
SFN mod N = i. 

Figure 5 illustrates the eight possible subchannels for the case, N=8. For illustration, the figure assumes that the 
PRACH is assigned timeslot 3. 
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sub-channels 6 and 7 for timeslot 3

SFN mod 8 = 6 SFN mod 8 = 7

 

Figure 5. Eight sub-channels for timeslot 3 

4.7.2 Physical random access procedure 

The physical random access procedure described in this subclause is initiated upon request from the MAC sublayer (see 
[18] and [19]). 
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Note: The selection of a PRACH is done by the RRC Layer. 

Before the physical random-access procedure can be initiated, Layer 1 shall receive the following information from the 
RRC layer using the primitives CPHY-TrCH-Config-REQ and CPHY-RL-Setup/Modify-REQ. 

- the available PRACH sub-channels and channelization codes (There is a 1-1 mapping between the 
channelization code and the midamble shift as defined by RRC) for each Access Service Class (ASC) of the 
selected PRACH (the selection of a PRACH is done by the RRC ). CPHY-RL-Setup/Modify-REQ); 

- the timeslot, spreading factor, and midamble type(direct or inverted) for the selected PRACH (CPHY-RL-
Setup/Modify-REQ); 

- the RACH Transport Format (CPHY-TrCH-Config-REQ); 

- the RACH transport channel identity (CPHY-TrCH-Config-REQ) 

- the set of parameters for common physical channel uplink outer loop power control(CPHY-RL-Setup/Modify-
REQ). 

NOTE: The above parameters may be updated from higher layers before each physical random access procedure 
is initiated. 

At each initiation of the physical random access procedure, Layer 1 shall receive the following information from the 
MAC: 

 

- the ASC of the PRACH transmission; 

- the data to be transmitted (Transport Block Set). 

- the selected ASC sub-channel. The ASC subchannel is defined in reference [18]. The value is passed in the 
PHY-Data-REQ is the CFNCELL.  

The physical random-access procedure shall be performed as follows: 

 

1 Randomly select one channelization code from the set of availabledesignated codes for the selected ASC. The 
random function shall be such that each code is chosen with equal probability. 

2 Determine the midamble shift to use, based on the selected channelization code. 

3 Randomly select a sub-channel from the set of available sub-channels. The random function shall be such that 
each of the allowed selections is chosen with equal probability. 

34 Set the PRACH message transmission power level according to the specification for common physical channels 
in uplink (see subclause 4.2.2.2). 

45 Transmit the RACH Transport Block Set (the random access message) with no timing advance in the selected 
sub-channel using the selected channelization code. 
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4.7 Random access procedure 
The physical random access procedure described below is invoked whenever a higher layer requests transmission of a 
message on the RACH. The physical random access procedure is controlled by primitives from RRC and MAC. 
Retransmission on the RACH in case of failed transmission (e.g. due to a collision) is controlled by higher layers. Thus, 
the backoff algorithm and associated handling of timers is not described here. The definition of the RACH in terms of 
PRACH sub-channels and associated Access Service Classes is broadcast on the BCH in each cell. Parameters for 
common physical channel uplink outer loop power control are also broadcast on the BCH in each cell. The UE needs to 
decode this information prior to transmission on the RACH. Higher layer signalling may indicate, that in some frames a 
timeslot shall be blocked for RACH uplink transmission. 

 

4.7.1 PRACH sub-channels 

A PRACH is defined by a timeslot and a channelization code, which is randomly selected from the PRACH 
Channelisation Code List [15] signaled by higher layers. In order to separate different ASCs each PRACH has N sub-
channels associated with it (numbered from 0 to N-1). N may be assigned the value 1,2,4, or 8 by higher layer signaling. 
Sub-channel i for a PRACH defined in timeslot k is defined as the k:th slot in the frames where SFN mod N = i. 
Therefore follows the definition: 

- Sub-channel i associated to a PRACH defined in timeslot k is defined as the k:th timeslot in the frames where 
SFN mod N = i. 

Figure 5 illustrates the eight possible subchannels for the case, N=8. For illustration, the figure assumes that the 
PRACH is assigned timeslot 3. 
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Figure 5: Eight sub-channels for timeslot 3 

4.7.2 Physical random access procedure 

The physical random access procedure described in this subclause is initiated upon request from the MAC sublayer (see 
[18] and [19]). 

Note: The selection of a PRACH is done by the RRC Layer. 
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Before the physical random-access procedure can be initiated, Layer 1 shall receive the following information from the 
RRC layer using the primitives CPHY-TrCH-Config-REQ and CPHY-RL-Setup/Modify-REQ. 

- the available PRACH sub-channels and channelization codes (There is a 1-1 mapping between the 
channelization code and the midamble shift as defined by RRC) for each Access Service Class (ASC) of the 
selected PRACH (the selection of a PRACH is done by the RRC ). CPHY-RL-Setup/Modify-REQ); 

- the timeslot, spreading factor, and midamble type(direct or inverted) for the selected PRACH (CPHY-RL-
Setup/Modify-REQ); 

- the RACH Transport Format (CPHY-TrCH-Config-REQ); 

- the RACH transport channel identity (CPHY-TrCH-Config-REQ) 

- the set of parameters for common physical channel uplink outer loop power control(CPHY-RL-Setup/Modify-
REQ). 

NOTE: The above parameters may be updated from higher layers before each physical random access procedure 
is initiated. 

At each initiation of the physical random access procedure, Layer 1 shall receive the following information from the 
MAC: 

- the ASC of the PRACH transmission; 

-     the data to be transmitted (Transport Block Set). 

 the selected ASC sub-channel. The ASC subchannel is defined in reference [18]. The value is passed in the 
PHY-Data-REQ is the CFNCELL.  

In addition, Layer 1 may receive information from higher layers, that a timeslot in certain frames shall be blocked for 
PRACH uplink transmission. 

The physical random-access procedure shall be performed as follows: 

1 Randomly select one channelization code from the set of available designated codes for the selected ASC. The 
random function shall be such that each code is chosen with equal probability. 

2 Determine the midamble shift to use, based on the selected channelization code. 

3 Randomly select a sub-channel from the set of available sub-channels. The random function shall be such that 
each of the allowed selections is chosen with equal probability. 

34 Set the PRACH message transmission power level according to the specification for common physical channels 
in uplink (see subclause 4.2.2.2). 

45 Transmit the RACH Transport Block Set (the random access message) with no timing advance in the selected 
sub-channel using the selected channelization code. 
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4.6.3 Transmit Diversity for P-CCPCH and PICH 

Space Code Transmit Diversity (SCTD) for the P-CCPCH and PICH may be employed optionally in 
the UTRAN. The support is mandatory in the UE. The use of SCTD for the P-CCPCH and PICH will 
be indicated by higher layers. If SCTD is applied to the P-CCPCH then it is also applied to the PICH. 
Otherwise it is not applied to either. 

4.6.3.1 P-CCPCH Transmission Scheme 

The open loop downlink transmit diversity scheme for the P-CCPCH is shown in figure 4. Channel 
coding, rate matching, interleaving and bit-to-symbol mapping are performed as in the non-diversity 
mode. In Space Code Transmit Diversity mode the data sequence is spread with the channelisation 

codes )1(
16

 kc and )2(
16

 kc and scrambled with the cell specific scrambling code. The spread sequence on 

code )2(
16

 kc is then transmitted on the diversity antenna. The power applied to each antenna shall be 

equal. 

Tx.
Antenna  1

Tx.
Antenna  2

Encoded  and Interleaved Data

Midamble 2

M
U
X

M
U
X

Midamble 1

SPR-SCR c(1)

SPR-SCR c(2)

 Symbols, 2 data fields

 

Figure 4: Block Diagram of the transmitter SCTD 

4.6.3.2 PICH Transmission Scheme 

The transmission scheme for the PICH shall be identical to that of the P-CCPCH, but the 
channelisation code and midamble assignment depends on whether the PICH is a beacon channel: 
 

- If the PICH is a beacon channel, then the channelisation codes and midambles are identical to 
that of the P-CCPCH. 

- If the PICH is not a beacon channel, then the channelisation codes are assigned by higher layers 
and the midambles that are associated with these codes by default shall be used, see [8]. The 
higher layers assign only the code for the first antenna, the code for the second antenna is m+1, 
where m is a code assigned for the first antenna. then higher layers shall only  assign the 

channelisation code 
 �1
16

mkc   for the first antenna. The midamble 
 �1km  for this antenna shall be 

the default midamble for this channelisation code, see [8]. The second antenna shall use 

midamble 
 �2km , where k2=k1+1 when k<Kcell, and k2=k1-1 when k=Kcell. The channelisation 

code for the second antenna shall be the code 
 �2
16

mkc   , where m2 is the smallest channelisation 

code index that is associated with the midamble 
 �2km   , according to the default midamble 
allocation scheme. 
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4.6.3 Transmit Diversity for P-CCPCH and PICH 

Space Code Transmit Diversity (SCTD) for the P-CCPCH and PICH may be employed optionally in 
the UTRAN. The support is mandatory in the UE. The use of SCTD for the P-CCPCH and PICH will 
be indicated by higher layers. If SCTD is applied to the P-CCPCH then it is also applied to the PICH. 
Otherwise it is not applied to either. 

4.6.3.1 P-CCPCH Transmission Scheme 

The open loop downlink transmit diversity scheme for the P-CCPCH is shown in figure 4. Channel 
coding, rate matching, interleaving and bit-to-symbol mapping are performed as in the non-diversity 
mode. In Space Code Transmit Diversity mode the data sequence is spread with the channelisation 
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Figure 4: Block Diagram of the transmitter SCTD 

4.6.3.2 PICH Transmission Scheme 

The transmission scheme for the PICH shall be identical to that of the P-CCPCH, but the 
channelisation code and midamble assignment depends on whether the PICH is a beacon channel: 
 

- If the PICH is a beacon channel, then the channelisation codes and midambles are identical to 
that of the P-CCPCH. 

- If the PICH is not a beacon channel, then the channelisation codes are assigned by higher layers 
and the midambles that are associated with these codes by default shall be used, see [8]. The 
higher layers assign only the code for the first antenna, the code for the second antenna is m+1, 
where m is a code assigned for the first antenna. then higher layers shall only  assign the 

channelisation code 
 �1
16

mkc   for the first antenna. The midamble 
 �1km  for this antenna shall be 

the default midamble for this channelisation code, see [8]. The second antenna shall use 

midamble 
 �2km , where k2=k1+1 when k<Kcell, and k2=k1-1 when k=Kcell. The channelisation 

code for the second antenna shall be the code 
 �2
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mkc   , where m2 is the smallest channelisation 

code index that is associated with the midamble 
 �2km   , according to the default midamble 
allocation scheme. 
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