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Calculated Transport Format Combinations (CTFC)

1. Introduction

In order to limit the complexity of FLO for GERAN, several assumptions have been defined in the Technical Report [1]. This contribution analyzes the size of the CTFC and therefore the number of bits needed to represent the CTFC. An example where FLO is configured to support a typical AMR call is included.

2. FLO Configuration

When configuring FLO, some assumptions related to transport channels, transport formats, transport format combinations have been agreed [1]:

· FLO shall provide at most 8 transport channels per basic physical subchannel;

· A maximum of 32 different TFs is allowed per TrCH;

· The size of the TFCI shall be limited to 5 bits, allowing a maximum of 32 different TFCs per basic physical subchannel.

These assumptions are useful when considering the CTFC.

3. Transport Format Combination Set

In UTRAN, the TFCS is defined by RRC using an algorithm that computes what is known as the calculated transport format combinations (CTFC) [2]. The CTFC is a unique number that is associated with every possible transport format combination. In other words, every possible transport format combination is uniquely identified by one CTFC, including transport format combinations which are not members of the transport format combination set. 

Two formulas are used to define the CTFC. Let I be the number of transport channels that are included in the transport format combination. Each transport channel TrCHi (i = 1, 2, … I) has Li transport formats, i.e. the transport format indicator TFINi can take Li values, 
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, where i = 1, 2, … I and L0 = 1.

Then for any transport format combination TFC(TFIN1, TFIN2, …, TFINI), we can compute the corresponding CTFC(TFIN1, TFIN2, …, TFINI) with:
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After computing the CTFC value for all allowed transport format combinations (a CTFC is defined for all transport format combinations, but it is only necessary to compute the CTFC for the allowed transport format combinations), the CTFCs are signalled in order. The TFCIs are then assigned in the same order, i.e. the first TFC signalled by its CTFC will correspond to TFCI = 0, the next corresponds to TFCI = 1, etc.

The number of bits required to signal the CTFC is given by:
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In UTRAN, the possible CTFC sizes are limited to 2, 4, 6, 8, 12, 16 and 24 bits [2]. In GERAN one possibility is to limit the CTFC size to 12 bits (212=4096), allowing for instance 3 transport channels with 16 different transport formats each (163=4096), or 4 transport channels with 8 different transport formats each (84=4096). 

A second option is to limit the CTFC size to 16 bits (216=65536), allowing for instance 4 transport channels with 16 different transport formats each (164=65536), or 5 transport channels with 9 different transport formats each (95=59049<65536).

Thus the number of bits required to configure the TFCS is given by:


number of bits = number of TFCs ( [12 or 16]

4. Theoretical Example

For an example of 3 transport channels with 16 different transport formats each, I = 3 and Lj = 16 (for all j):

For 
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, where i = 1, 2, … I and L0 = 1.

	P1 =

=
	L0 

1
	1

	P2 =

=
	L0 * L1 

1  * 16
	16

	P3 =

=
	L0 * L1 * L2

1  * 16* 16
	256


The CTFC for each and every possible transport format combination is given by:
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	CTFC (0, 0, 0) =

=
	(0*1) + (0*16) + (0*256)

0

	CTFC (1, 0, 0) =

=
	(1*1) + (0*16) + (0*256)

1

	CTFC (2, 0, 0) =

=
	(2*1) + (0*16) + (0*256)

2

	…


	…

	CTFC (1, 1, 0) =

=
	(1*1) + (1*16) + (0*256)

17

	CTFC (1, 2, 0) =

=
	(1*1) + (2*16) + (0*256)

33

	CTFC (1, 3, 0) =

=
	(1*1) + (3*16) + (0*256)

49

	…


	…

	CTFC (0, 0, 1) =

=
	(0*1) + (0*16) + (1*256)

256

	CTFC (1, 1, 2) =

=
	(1*1) + (1*16) + (2*256)

529

	CTFC (1, 1, 3) =

=
	(1*1) + (1*16) + (3*256)

785


When the CTFC value has been computed for all allowed transport format combinations, the CTFCs are signalled in order (e.g. 1, 2, 33, 256, 529, 785). The TFCIs are then assigned in the same order (e.g. TFCI = 0  identifies CTFC 1, TFCI = 1 identifies CTFC 2, TFCI = 2 identifies CTFC 33, TFCI = 3 identifies CTFC 256, etc).

5. AMR Example

In this section the CTFC is elaborated by an example: AMR over FLO. For the support of AMR, three transport channels need to be configured:

· TrCH A for class A bits and inband bits

· TrCH B for class B bits

· TrCH C for signalling

Figure 1 below depicts the proposed TFCS for this AMR example.

Since 3 TrCHs are defined, I = 3. The ACS contains 4 AMR modes (recommended configuration M in [3]) requiring 4 different TFCs. Additionally one TFC is needed for SID_UPDATE where bits are only sent on TrCH A, and another one for FACCH where bits are only sent on TrCH C. For each transport channel, the number of transport format(s) required is therefore:

· 5 TFs for TrCH A (0, 83, 77, 57, 41); L1 = 5  

· 5 TFs for TrCH B (0, 163, 84, 63, 56); L2 = 5

· 2 TFs for TrCH C (0, 184); L3 = 2
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Figure 1: TFCS Example for AMR 
(number represents the transport block sizes)

Using the formulas given in section 2, Table 1 gives the calculation of Pi for this AMR example. 

Table 1: Pi for calculation of CTFC

	P1 =

=
	L0 

1
	1

	P2 =

=
	L0 * L1 

1  * 5
	5

	P3 =

=
	L0 * L1 * L2

1  * 5  * 5
	25


Six TFCs are configured. Using the formulas given in section 2, Table 2 gives the calculation of CTFC for the allowed TFCs for this AMR example. 

Table 2: Calculation of CTFC

	CTFC (1, 1, 0) =

=
	(1*1) + (1*5) + (0*25)

6

	CTFC (2, 2, 0) =

=
	(2*1) + (2*5) + (0*25)

12

	CTFC (3, 3, 0) =

=
	(3*1) + (3*5) + (0*25)

18

	CTFC (4, 4, 0) =

=
	(4*1) + (4*5) + (0*25)

24

	CTFC (5, 0, 0) =

=
	(5*1) + (0*5) + (0*25)

5

	CTFC (0, 0, 1) =

=
	(0*1) + (0*5) + (1*25)

25


The CTFCs are signalled in order (using 12 or 16 bits for each), and Table 3 gives the assignment of the TFCIs for this AMR example.

Table 3: Assignment of TFCIs to CTFCs

	CTFC
	TFCI

	6
	0

	12
	1

	18
	2

	24
	3

	5
	4

	25
	5


6. Conclusion

This contribution has analyzed the CTFC and showed how the CTFC values are calculated and corresponding TFCIs assigned. Since a maximum of 32 different TFCs per basic physical subchannel has already been agreed, at most 32 CTFCs will be signalled at call setup.

If 12 bits is selected for the CTFC, a maximum of 32 * 12 = 384 bits signalling is required for the CTFCs at call setup. If 16 bits is selected for each CTFC this means a maximum of 32 * 4 = 128 bits additional signalling overhead (512 bits total, max) at call setup. In the AMR example in Section 5, a choice of 12 bits for each CTFC would require 6 * 12 = 72 bits while a choice of 16 bits for each CTFC would require 6 * 16 = 96 bits signalling overhead at call setup. As stated in Section 3, a choice of 16 bits for each CTFC allows more flexibility in the configuration of FLO, by allowing more TrCHs and more TFs for each TrCH.

A working assumption for the size of the CTFC should be selected and incorporated into the TR, with 12 or 16 bits being the two proposed options.
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