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5 Physical channels 
All physical channels take three-layer structure with respect to timeslots, radio frames and system frame numbering 
(SFN), see [14]. Depending on the resource allocation, the configuration of radio frames or timeslots becomes different. 
All physical channels need guard symbols in every timeslot. The time slots are used in the sense of a TDMA component 
to separate different user signals in the time and the code domain. The physical channel signal format is presented in 
figure 1.  

A physical channel in TDD is  a burst, which is transmitted in a particular timeslot within allocated Radio Frames. The 
allocation can be continuous, i.e. the time slot in every frame is allocated to the physical channel or discontinuous, i.e. 
the time slot in a subset of all frames is allocated only. A burst is the combination of a data part, a midamble and a 
guard period. The duration of a burst is one time slot. Several bursts can be transmitted at the same time from one 
transmitter. In this case, the data part must use different OVSF channelisation codes, but the same scrambling code. The 
midamble part has to use the same basic midamble code, but can use different midambles generated from the basic 
midamble code by certain shifts , see section 5.2.3. 

frame #i frame #i+1

timeslot #0 timeslot #1 timeslot #2 timeslot #13 timeslot #14

Radio Frame (10ms)

Time Slot (2560*T c)

 

Figure 1: Physical channel signal format 

The data part of the burst is spread with a combination of channelisation code and scrambling code. The channelisation 
code is a OVSF code, that can have a spreading factor of 1, 2, 4, 8, or 16. The data rate of the physical channel is 
depending on the used spreading factor of the used OVSF code. 

The midamble part of the burst can contain two different types of midambles: a short one of length 256 chips, or a long 
one of 512 chips. The data rate of the physical channel is depending on the used midamble length. 

So a physical channel is defined by frequency, timeslot, channelisation code, burst type and Radio Frame allocation. 
The scrambling code and the basic midamble code are broadcast and may be constant within a cell. When a physical 
channel is established, a start frame is given. The physical channels can either be of infinite duration, or a duration for 
the allocation can be defined. 
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5.2.2.4 Transmission of TFCI 

All burst types 1, 2 and 3 provide the possibility for transmission of TFCI. 

The transmission of TFCI is negotiated at call setup and can be re-negotiated during the call. For each CCTrCH it is 
indicated by higher layer signalling, which TFCI format is applied. Additionally for each allocated timeslot it is  
signalled individually whether that timeslot carries the TFCI or not. If a time slot contains the TFCI, then it is always 
transmitted using the first allocated channelisation code in the timeslot, according to the order in the higher layer 
allocation message. 

The transmission of TFCI is done in the data parts of the respective physical channel. Independent of the SF that is 
applied to the data symbols in the burst, the data in the TFCI field are always spread with SF=16 using the 
channelisation code in the lowest branch of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble 
structure and length is not changed. The TFCI information is to be transmitted directly adjacent to the midamble , 
possibly after the TPC. Figure 6 shows the position of the TFCI in a traffic burst in downlink. Figure 7 shows the 
position of the TFCI in a traffic burst in uplink. 

Data symbols Midamble Data symbols GP

1st part of  TFCI

512/256 chips

2560*Tc

2nd part of  TFCI

 

Figure 7: Position of TFCI information in the traffic burst in case of downlink 

 

Data symbols Midamble Data symbols GP

512/256 chips

2560*Tc

TPC

1st part of  TFCI 2nd part of  TFCI

 

Figure 8: Position of TFCI information in the traffic burst in case of uplink 

Two examples of TFCI transmission in the case of multiple DPCHs used for a connection are given in the Figure 8 and 
Figure 9 below. Combinations of the two schemes shown are also applicable. 
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Figure 9: Example of TFCI transmission with physical channels multiplexed in code domain 
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Figure 10: Example of TFCI transmission with physical channels multiplexed in time domain 

In case the Node B receives an invalid TFI combination on the DCHs mapped to one CCTrCH the procedure described 
in [16], subclause 5.1.2 shall be applied. According to this procedure DTX shall be applied to all DPCHs to which the 
CCTrCH is mapped to. 
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5.2.3 Training sequences for spread bursts 
In this subclause, the training sequences for usage as midambles in burst type 1, 2 and 3 (see subclause 5.2.2) are 
defined. The training sequences, i.e. midambles, of different users active in the same cell and same time slot are 
cyclically shifted versions of one cell-specific single basic midamble code. The applicable basic midamble codes are 
given in Annex A.1 and A.2. As different basic midamble codes are required for different burst formats, the Annex A.1 
shows the basic midamble codes mPL for burst type 1 and 3, and Annex and A.2 shows mPS for burst type 2. It should be 
noted that burst type 2 must not be mixed with burst type 1 or 3 in the same timeslot of one cell. 

The basic midamble codes in Annex A.1 and A.2 are listed in hexadecimal notation. The binary form of the basic 
midamble code shall be derived according to table 5 below. 

Table 6: Mapping of 4 binary elements mi on a single hexadecimal digit 

4 binary elements 
mi  Mapped on hexadecimal digit 

-1 -1 -1 -1  0 
-1 -1 -1  1 1 
-1 -1  1 –1 2 
-1 -1  1  1 3 
-1  1 -1 –1 4 
-1  1 -1  1  5 
-1  1  1 –1 6 
-1  1  1  1 7 
 1 -1 -1 –1 8 
 1 -1 -1  1 9 
 1 -1  1 –1 A 
 1 -1  1  1 B 
 1  1 -1 –1 C 
 1  1 -1  1 D 
 1  1  1 –1 E 
 1  1  1  1 F 

 

For each particular basic midamble code, its binary representation can be written as a vector Pm : 

 ? ?Pmmm ,...,, 21P ?m  (1) 

According to Annex A.1, the size of this vector Pm  is P=456 for burst type 1 and 3. Annex A.2 is setting P=192 for 
burst type 2. As QPSK modulation is used, the training sequences are transformed into a complex form, denoted as the 
complex vector Pm : 

 ? ?Pmmm ,...,, 21P ?m  (2) 

The elements im  of Pm are derived from elements im  of Pm  using equation (3): 

 i
i

i mm ?? )j(  for all Pi ,...,1?  (3) 

Hence, the elements im  of the complex basic midamble code are alternating real and imaginary.  

To derive the required training sequences, this vector Pm  is periodically extended to the size: 

 ? ?KPWKLi m /)1'(max ????  (4) 

Notes on equation (4): 

- L  m : Midamble length 
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- K’ : Maximum number of midambles in a cell, when no intermediate shifts are used. This value depends 
on the midamble length. 

- K  : Maximum number of midambles in a cell, when intermediate shifts are used, K=2K'. This value 
depends on the midamble length. 

- W  : Shift between the midambles, when the number of midambles is K’. 

- K’, W and P taken from Annex A.1 or A.2 according to burst type and thus to length of midamble Lm 

- K=2K’ 

- ?x? denotes the largest integer smaller or equal to x 

Allowed values for L  m, K’ and W are given in Annex A.1 and A.2. 

So we obtain a new vector m  containing the periodic basic midamble sequence: 

 ? ? ? ?? ?KPWKLi m
mmmmmm /)1'(2121 ,...,,,...,,

max ?????m  (5) 

The first P elements of this vector m  are the same ones as in vector Pm , the following elements repeat the beginning: 

 Pii mm ??  for the subset max),...,1( iPi ??  (6) 

Using this periodic basic midamble sequence m  for each user k a midamble 
)(km  of length Lm is derived, which can 

be written as a user specific vector: 

 ? ?)()(
2

)(
1

)( ,...,, k
L

kkk

m
mmm?m  (7) 

The Lm midamble elements 
)(k

im  are generated for each midamble of the first K’ users (k = 1,...,K’) based on: 

 WkKi
k

i mm )'(
)(

???  with mLi ,...,1?  and ',...,1 Kk ?  (8) 

The elements of midambles for the second K’ users (k = (K’+1),...,K = (K’+1),...,2K’) are generated based on a slight 
modification of this formula introducing intermediate shifts: 

 ? ?KPWkKi
k

i mm /)1(
)(

????? with mLi ,...,1?  and 1,...,1' ??? KKk  (9) 

 ? ?KPWKi
k

i mm /)1'(
)(

???? with mLi ,...,1?  and Kk ?  (10) 

Whether intermediate shifts are allowed in a cell is broadcast on the BCH. 

The midamble sequences derived according to equations (7) to (10) have complex values and are not subject to 

channelisation or scrambling process, i.e. the elements 
)(k

im  represent complex chips for usage in the pulse shaping 

process at modulation. 

The term ’a midamble code set’ or ’a midamble code family’ denotes K specific midamble codes 
)(km ; k=1,...,K, 

based on a single basic midamble code Pm  according to (1). 
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5.3.3 The physical random access channel (PRACH) 
The RACH as described in subclause 4.1.2 is mapped onto one or more uplink physical random access channels 
(PRACH). In such a way the capacity of RACH can be flexibly scaled depending on the operators need. 

This description of the physical properties of the PRACH also applies to bursts carrying other signaling or user traffic if 
they are scheduled on a time slot which is (partly) allocated to the RACH. 

5.3.3.1 PRACH Spreading 

The uplink PRACH uses either spreading factor SF=16 or SF=8 as described in subclause 5.2.1.21. The set of 
admissible spreading codes for use on the PRACH and the associated spreading factors are broadcast on the BCH 
(within the RACH configuration parameters on the BCH). 
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5.5.1 Location of beacon channels 
The beacon locations are determined by the SCH and depend on the SCH allocation case, see 5.3.4: 

Case 1) The beacon function shall be provided by the physical channels that are allocated to channelisation code 
)1(

16
?

?
k

Qc  and to TS#k, k=0,….,14. 

Case 2) The beacon function shall be provided by the physical channels that are allocated to channelisation code 
)1(

16
?

?
k

Qc  and to TS#k and TS#k+8, k=0,…,6. 

Note that by this definition the P-CCPCH always has beacon characteristics. 

 


