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TFC REMOVAL Mechanism

1. Introduction

In FLO, the Transport Format Combination Set (TFCS) can be reconfigured during Radio Bearer Reconfiguration procedures (see 3GPP TS 44.118 §7.14.1 and §7.19). In the reconfiguration message, one or several transport format combination (TFC) can be deleted, making the new TFCS smaller. When removing TFC(s) from the TFCS there are two issues to be solved:

· The first TFC, the one for which the TFCI=0, cannot be removed as it is always reserved for signalling;

· After removing TFC(s), there are vacant TFCIs.

This contribution analyzes these two issues.

2. Signalling TFC

As said in the introduction, the first issue is related to the first TFC. The first TFC, the one for which the TFCI=0, should always be reserved for signalling and must not be removed [1]. If the reconfiguration message tries to remove it, the MS shall report a failure to the network in the uplink.
3. TFCI Compression

The second issue is related to the vacant TFCI(s). When TFCs are removed from the TFCS, the corresponding TFCIs are left vacant. For optimal link level performance, it is important to use as few bits as possible for the TFCI [2]. Therefore, after removing TFCs, less TFCIs are theoretically needed and the number of bits required for the TFCI could decrease. In order to use as few bits as possible for the TFCI, it is proposed apply the following “TFCI compression” algorithm:

1) Mark as vacant the TFCI(s) of the TFC(s) to be removed

2) For TFCIloop=1 to TFCImax

If TFCIloop is vacant then

Assign to TFCIloop the first TFC that was not removed (if there’s one left) and for which the assigned TFCI > TFCIloop
End if

End for

3) Depending on the maximum value of the assigned TFCIs, it may be possible to reduce the number of bits required.

It is proposed to make the mechanism mandatory, and since both the network and the MS apply the same logic, the new size of the TFCI needs not to be signalled in the RB control messages.

3.1 Link Level Gain

Previous contributions have analyzed the performance of 12kbits/s and 36 kbit/s services when varying the size of the TFCI on GMSK and 8PSK channels respectively [2] [3]. The two tables below summarize the link level gains. The gains range from 0.1 to 1.2dB depending on the configuration.

Table 1 - Link Level Gain [dB] with smaller TFCI
12 kbit/s GMSK channels TU3iFH 900MHz
	TFCI
	To

	From
	1
	2
	3
	4
	5

	1
	0
	x
	x
	x
	x

	2
	0.3
	0
	x
	x
	x

	3
	0.6
	0.3
	0
	x
	x

	4
	0.8
	0.5
	0.2
	0
	x

	5
	1.2
	0.9
	0.6
	0.4
	0


Table 2 - Link Level Gain [dB] with smaller TFCI
36 kbit/s 8PSK channels TU3iFH 900MHz
	TFCI
	To

	From
	1
	2
	3
	4
	5

	1
	0
	x
	x
	x
	x

	2
	0.4
	0
	x
	x
	x

	3
	0.5
	0.1
	0
	x
	x

	4
	0.6
	0.2
	0.1
	0
	x

	5
	1.8
	0.4
	0.3
	0.2
	0


With [4], it is easy to translate these link level gains into capacity gain estimations for TCH Carrier with power control, DTX and FH. The two tables below summarize the capacity gains there are when reducing the size of the TFCI. The gains range from 1.1 to 40.5% depending on the configuration.

Clearly these numbers show how interesting it is to reduce the size of the TFCI whenever possible.

Table 3 - Capacity Gain [%] with smaller TFCI
12 kbit/s GMSK channels TU3iFH 900MHz
	TFCI
	To

	From
	1
	2
	3
	4
	5

	1
	0
	x
	x
	x
	x

	2
	8.3
	0
	x
	x
	x

	3
	19.0
	8.3
	0
	x
	x

	4
	26.2
	15.4
	4.7
	0
	x

	5
	40.5
	29.8
	19.0
	11.8
	0


Table 4 - Capacity Gain [%] with smaller TFCI
36 kbit/s 8PSK channels TU3iFH 900MHz
	TFCI
	To

	From
	1
	2
	3
	4
	5

	1
	0
	x
	x
	x
	x

	2
	11.8
	0
	x
	x
	x

	3
	15.4
	1.1
	0
	x
	x

	4
	19.0
	4.7
	1.1
	0
	x

	5
	26.2
	11.8
	8.3
	4.7
	0


3.2 Example

An example is depicted in Table 5 and Table 6. In Table 5, a TFCS with 7 TFCs is shown. 3 TFCs are to be removed from that TFCS: TFC C, D and F. As a result, 3 TFCIs are known as vacant: 2,3 and 5. By applying the proposed algorithm, TFC E is assigned TFCI=2 and TFC G is assigned TFCI=3 as (see Table 6). By “compressing” the TFCI allocation, the number of bits required for the TFCI can be decreased from 3 to 2. For a 12kbit/s service this translates into 0.3 dB gain at link level and 8.3% capacity gains (see section 3.1). 

Table 5 - TFCS and TFCI Before Removal
TFC C, D and F are to be removed from a TFCS containing 7 TFCs
	TFCI (dec)
	TFCI (bin)
	TFC 
	Comments

	0
	000
	A
	Always Kept

	1
	001
	B
	To be kept

	2
	010
	C
	To be removed 

	3
	011
	D
	To be removed 

	4
	100
	E
	To be kept

	5
	101
	F
	To be removed 

	6
	110
	G
	To be kept


Table 6 - TFCS and TFCI After Removal
TFC C, D and F were removed, the TFCS now contains 4 TFCs
	TFCI (dec)
	TFCI (bin)
	TFC 
	Comments

	0
	00
	A
	Always Kept

	1
	01
	B
	Kept

	2
	10
	E
	Kept

	3
	11
	G
	Kept


3.3 Alternatives

Instead of using the proposed mechanism, it is possible to signal a new TFCS through CTFC. The main problem with such an approach is that the CTFC can take quite a lot of space depending on the configuration. One worst case would be to remove 1 TFC out of 32 with 16 bits CTFC: 496 additional bits to be signalled compared to the TFCI compression.

3.4 Error Cases

The proposed mechanism, as long as it is correctly implemented in both the MS and the RAN, does not introduce additional errors. The recovering after reconfiguration errors is normally ensured by the two basic principles presented in [5].

In case when the MS receives one of the reconfiguration messages which instructs the MS to delete a wrong TFCI or an inexistent TFCI then the removal algorithm is not applied. The MS keeps the old configuration and initiate failure procedures as specified in 3GPP TS 44.118.

When network receives one of the reconfiguration failure messages from the MS, it reverts back to the old configuration as it is specified in 3GPP TS 44.118.

4. Conclusion

This contribution has proposed two mechanisms in conjunction with TFC removal:

· The first TFC, the one for which the TFCI=0, cannot be removed;

· After removing TFC(s), a TFCI compression is applied for optimal link level performance.

It is proposed to make the mechanisms mandatory, and since both the network and the MS apply the same logic, the new size of the TFCI needs not to be signalled in the RB control messages. 
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