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On the CTFC size for the Flexible Layer One

1 Introduction

During GERAN#13, it has been agreed to use the Calculated Transport Format Combinations (CTFC) as the mechanism for Layer 3 in the network to signal the transport format combinations to the MS [1]. The Technical Report for FLO [2] has been updated to reflect this decision.

The following assumptions have been made to limit the complexity of FLO:

· The maximum number of transport channel is limited to 8;

· The maximum number of transport formats per transport channels is limited to 32.

Assuming that all transport channels can be active at the same time, the maximum (theoretical) value that the CTFC can take is (328 – 1) = (240 –1). In order to be able to represent every possible value of the CTFC, a field with a size of 40 bits would be needed. However, as already indicated in [1], it is unlikely that in practical situations such values will ever be needed; choosing such a large size would mean that every transport format combination would require 40 bits to be signalled, which would result in very large messages for FLO configuration and would ultimately lead to an inefficient utilisation of radio resources. Therefore, a smaller size of the CTFC field should be chosen, but it should be large enough to allow the signalling of the Transport Format Combinations in all scenarios of interest. For example, [1] proposes to use either a 12-bit or 16-bit field.

During GERAN#13, the best choice for the size of the CTFC field was discussed. However, no conclusion was reached, as it was felt that further discussion was needed. In the present document, a proposal for the choice of the CTFC size is made.

2 Proposal for a variable CTFC size

In the UTRAN, instead of using a fixed size for the CTFC field, a variable size field has been defined, and the following possible sizes have been chosen: 2 bits, 4 bits, 6 bits, 8 bits, 12 bits, 16 bits and 24 bits (see for example clause 10.3.5.15 of TS 25.331 [3]). Siemens propose to reuse a similar scheme for FLO in the GERAN. However, instead of a size of 24 bits, which is seen as excessive, we propose to have a value of 20 bits
. Therefore, we propose to have the following possible sizes for the CTFC field:

2 bits
, 4 bits, 6 bits, 8 bits, 12 bits, 16 bits and 20 bits

When signalling the TFCS, the first information element will always be the size of the CTFC field. Since there are seven possible values, 3 bits are needed.

Table 1 and Table 2 show a possible coding for the information elements needed to signal the TFCS in case a variable field size is chosen for the CTFC.

	< TFCS struct > ::=


< CTFC_SIZE : bit(3) >

-- the CTFC size depends on the value of the highest CTFC

{ 1 < CTFC : bit(p(CTFC_SIZE)) > ** 0 } ;
-- p(x) is defined in table 2



Table 1 – Coding of the information elements needed to signal the TFCS

	CTFC_SIZE (3 bit field)
This field indicates the size of the CTFC fields. This field is encoded according to the following table:

Bit
3 2 1
0 0 0
2 bits
0 0 1
4 bits
0 1 0
6 bits
0 1 1
8 bits
1 0 0
12 bits
1 0 1
16 bits
1 1 0
20 bits
1 1 1
reserved


	CTFC (p bit field) 
This field contains a binary representation of the Calculated Transport Format Combination. The total number of bits p of this field is a function p(n) the value of the parameter CTFC_SIZE = n; the function is defined as follows:

n
p
0
2
1
4
2
6
3
8
4
12
5
16
6
20


Table 2 – Details of the information elements needed to signal the TFCS

3 Example

Let’s considering the AMR example given in sub-clause 9.2.2 of the FLO TR [2]. The figure is repeated here for convenience:
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Figure 1 – TFCS Example (from [2])

For this example, we have:

-
5 transport formats for TrCH A (0, 83, 77, 57, 41); L1 = 5

-
5 transport formats for TrCH B (0, 163, 84, 63, 56); L2 = 5

-
2 transport formats for TrCH C (0, 184); L3 = 2

and the CTFC values are:

-
 CTFC(1, 1, 0) = 6;
-- TFC1 for AMR 12.2 kbit/s

-
 CTFC(2, 2, 0) = 12;
-- TFC2 for AMR 7.95 kbit/s

-
 CTFC(3, 3, 0) = 18;
-- TFC3 for AMR 5.90 kbit/s

-
 CTFC(4, 4, 0) = 24; 
-- TFC4 for AMR 4.75 kbit/s

-
 CTFC(4, 0, 0) = 4; 
-- TFC5 for SID_UPDATE and SID_FIRST

-
 CTFC(0, 0, 1) = 25. 
-- TFC6 for FDCCH

Given the transport format sets defined for the three transport channels, the maximum value of the CTFC would be:

CTFCmax = L1·L2·L3 – 1 = 49

which would require 6 bits. However, the value of the highest CTFC to be signalled is 25, and therefore only 5 bits would be sufficient for each CTFC. Given that the next highest possible size is 6 bits, this will be size chosen to signal the transport format combinations defined in the example. 

Defining a fixed CTFC size of 12 bits would require 72 bits to signal the TFCS. With the proposal contained in section 2, on the other hand, it would be possible to signal the CTFCs using 6-bit values; therefore only 36 bits would be required. Given that 3 bits are needed to signal the CTFC size, this would result in a saving of 33 bits.

As a general consideration, with this scheme the CTFC size would depend not on CTFCmax= 
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 (where I is the number of transport channels defined, I ≤ 8), but on the highest value of the CTFC for all the TFCs in the TFCS (if this value is X, then the minimum number of bits required is equal to 
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). It can be shown that, in order to reduce the number of bits needed to signal the TFCS, it is better to order the transport channels in such a way that the transport channels that have a higher number of transport formats are those with the lowest values of the index i (i = 1, 2, …, I).

Figure 2 shows a representation of the CTFC calculation for the Transport Format Combinations defined in the AMR example.
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Figure 2 – Pictorial representation of the CTFCs for the AMR example

Note that the square corresponding to TFC6 (CTFC = 25) is in the bottom left hand corner at the back, and is not visible in the figure.

4 Conclusions

In section 2 it has been proposed to use a variable size field to signal the CTFCs. It has been shown with an example that this will reduce the amount of signalling bits required at call set-up and handover. If this proposal is accepted, sub-clauses 6.4 and 9.2.1 of the FLO TR can be modified as shown in Annex A.
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ANNEX A – Proposed changes to the FLO TR

6.4
Limitations

The following assumptions are made in order to limit the complexity of FLO:

-
FLO shall be used on dedicated channels only, maintaining the 26-multiframe structure for which the SACCH shall be treated as a separate logical channel based on Release 5 format;
-
All TrCHs shall use the same TTI: the same length as in GSM/GPRS of Release 5, i.e. 20ms;
-
FLO shall provide at most 8 transport channels per basic physical subchannel;

-
FLO shall support a maximum of [tbd] active transport channels per radio packet per basic physical subchannel;

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

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


-
One RLC PDU cannot be mapped across multiple basic physical subchannels.

*** NEXT MODIFIED SECTION ***
9.2.1
Definition

The CTFCs are used to signal the transport format combination set. 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 (see 3GPP TS 25.331). 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 TFIi can take Li values, 
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, where i = 1, 2, …, I, and L0 = 1
Let TFC(TFI1, TFI2, …, TFII) be the transport format combination for which TrCH1 has transport format TFI1, TrCH2 has transport format TFI2, etc. The corresponding CTFC(TFI1, TFI2, …, TFII) is then computed as:
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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.

In a Layer 3 signalling message, the CTFC values are encoded using a variable size field, the size of which is the same for all values and depends on the highest value to be signalled. The possible sizes are: 2 bits, 4 bits, 6 bits, 8 bits, 12 bits, 16 bits and 20 bits. The size of the fields is signalled in the Layer 3 message.






� It is unlikely that this size may be needed in practical situations. However, since codepoints are available, it may be safe to define such a size.


� The only cases where it could be useful would be in the case of 2 transport channels with 2 transport formats each or one transport channel with 4 transport formats.


� It could be possible to use this codepoint to define a size of 40 bits.


� In version 1.0.1 of the FLO TR � REF _Ref33000901 \n \h ��[2]�, an incorrect value is given for the CTFC corresponding to TFC5.
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