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One TFC for Signalling on HR Channels

1. Introduction

The current mechanism for sending signalling messages on HR channels with FLO requires two different TFCIs [1]. This paper proposes a method to use only one for better compatibility with FR channels and simpler design of Layer 2 and 3.

2. TWO TFCIs
On HR channels, the MAC layer sends the same signalling transport block twice in a row [2] [3]. Since coded bits of the same transport block can be found in two consecutive radio packets, the effect is as if the interleaving depth was twice the interleaving used for one radio packet. Two TFCs are defined for sending signalling messages on half rate channels: one is used for the first transmission of the block, and the other for the second transmission. Layer 3 configures these TFCs such that, in rate matching, R shall be equal to 0 for the first transmission (first radio packet) and equal to 1 for the retransmission (second radio packet). As a result two TFCIs (0 and 1) are always used for signalling messages on HR channels.

In addition to an increased complexity of Layer 2 and 3, two major problems arise in case of handover from/to FR channel to/from HR channel:

· The very same TFCS cannot be used and need to be reconfigured always.

· If the TFCS is such that the TFCI space is full on FR channel, going to HR channel, where one more TFC is always needed, means adding one bit to the TFCI to fit the new signalling TFC, or if the TFCI is already 5 bits long, either forbid the handover or remove one user data TFC!

In the following section a method is proposed where only one TFCI can be used for signalling on HR channels.

3. ONE TFCI only

3.1 Principle

The value of R is aligned with the TDMA frame number, changes every 20ms (i.e. for every radio packet) and does not need to be signalled. As a result, the value of R is not part of the transport format anymore and only one TFC is needed on HR channels. The very same TFCS can then be used on both FR and HR channels. 

Because the receiver is time aligned with the transmitter, it knows which value of R was used (taking into account interleaving and transmission delay). So when the receiver gets a radio packet for which the TFCI is zero, it knows that signalling is inside, and because it is on half rate channels it also knows which value of R was used for coding i.e. which value of R to use for decoding.

Annex A depicts how the value of R can simply be aligned with the TDMA frame number during a 26 multiframe (summary in Table 1 below):

Table 1 - Value of R and TDMA frame number
	TDMA frame number
	Value of R

	0, 1, 2, 3
	0

	4, 5, 6, 7
	1

	8, 9, 10, 11
	0

	13, 14, 15, 16
	1

	17, 18, 19, 20
	0

	21, 22, 23, 24
	1


The value of R to be used by the encoder is given by the TDMA frame number of the first coded bits to be transmitted for that radio packet. For instance, if the first coded bits of the signalling radio packet are sent on TDMA frame 0, the value of R to be used by the encoder is 0. If the first coded bits are sent on TDMA frame 4, the value of R to be used is 1. Because radio packets are sent on a 20ms basis, one can easily check that two consecutive radio packets never use the same value of R. When bits are received, the decoder knows the TDMA frame number of the first bits that were transmitted and therefore can tell which value of R was used.

Only the Layer 1 needs to know the value of R. There is no need for Layer 2 and 3 to know its value when sending the transport blocks twice in a row. As a result, the design of Layer 2 and 3 can be simplified. For layer one, the situation is then very similar to FACCH/H where the same stealing bit combination is used for signalling two different parts of the same FACCH/H block of coded bits.

3.2 Example

In Annex A are depicted two examples where 4 bursts diagonal interleaving is used on half rate channel number 0 and 1 [4].

For half rate channel number 0, the first radio packet carrying signalling is sent on TDMA frame numbers 0, 2, 4, 6 (R=0 used) and the second radio packet is sent on TDMA frame numbers 4, 6, 8, 10 (R=1 used). Note that because of diagonal interleaving, every burst carries the coded bits of two radio packets. After receiving the last coded bits from the first radio packet on TDMA frame 6, the receiver can decode the first signalling radio packet, knowing exactly which value of R was used. Similarly, after receiving the last coded bits from the second radio packet on TDMA frame 10, the receiver can decode the second signalling radio packet.

For half rate channel number 1, the first radio packet carrying signalling is sent on TDMA frame numbers 13, 15, 17, 19 (R=1 used) and the second radio packet is sent on TDMA frame numbers 17, 19, 21, 23 (R=1 used). After receiving the last coded bits from the first radio packet on TDMA frame 19, the receiver can decode the first signalling radio packet, knowing exactly which value of R was used. Similarly, after receiving the last coded bits from the second radio packet on TDMA frame 23, the receiver can decode the second signalling radio packet.

4. Conclusion

This contribution has proposed a method for sending signalling messages on half rate channels with FLO with only one TFCI instead of two as currently specified. The result is a better compatibility with full rate channels and simpler design of Layer 2 and 3.

Companion contributions [5] [6] [7] [8] present the corresponding change requests to 3GPP TS 44.118, 44.160, TS 45.003 and TR 45.902 respectively.
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Annex A - Retransmissions for Signalling on HR Channels
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