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Flexible Layer One and
Diagonal Interleaving

1. Introduction

A Flexible Layer One (FLO) based on the same principles that are used in UTRAN, is proposed for GERAN [1]. The purpose of this contribution is to investigate how diagonal interleaving can be achieved with the FLO. In the first section it is explained why UTRAN cannot perform diagonal interleaving while in the second one, two solutions to make diagonal interleaving possible with the FLO in GERAN are given.

2. Diagonal interleaving in UTRAN

In UTRAN, the interleaving depth (the number of radio frames on which the coded transport block is mapped) is equivalent to the Transport Time Interval (exchange rate of transport blocks between the MAC and the physical layer). For instance when transport block are exchanged between the MAC and the physical layer on a 20 ms basis, a 20 ms interleaving depth is used on the physical layer (see Figure 1). As a result it is not possible to have an interleaving depth larger than the TTI and diagonal interleaving is therefore not possible in UTRAN.
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Figure 1. TTI and interleaving depth in UTRAN
3. Diagonal Interleaving with FLO

In this section, several solutions to achieve diagonal interleaving are proposed for the flexible layer one in GERAN.

3.1 First Solution

A straightforward solution is to diagonally interleave the radio blocks and the TFCI. This solution is simple and only requires very minor modifications in the proposed architecture (2nd interleaver mainly) [1]. However it presents a few drawbacks:

· One interleaver has to be specified and implemented for each interleaving depth.

· Some payload is wasted at the beginning and at the end of every data burst or whenever the interleaving depth needs to be changed.

· The multiplexing of different flows having different delay requirements becomes difficult. For instance, because the interleaving depth cannot be shorter than the one that is used to interleave the radio blocks and the TFCI, it is not possible to have a flow that uses a long interleaving depth and signalling (e.g. FACCH) that uses a short one. Another example is when an 8 bursts diagonal interleaving is used for speech, the same interleaving depth must be used for the SID_UPDATE, ONSET and SID_FIRST.

3.2 Second Solution

A second solution is to add a semi static attribute to the transport format: the physical time transfer (PTT). This new attribute allows differentiating between the exchange rate of transport blocks (between the physical layer and MAC layer) and the interleaving depth on the physical layer. Whenever PTT = TTI, the same interleaving as the UTRAN one is used. Whenever PTT > TTI, a diagonal interleaving can be used.

The TFCI indicating the content of the radio block (4 consecutive bursts), whenever diagonal interleaving is used several radio frames of the same TrCH using different transport formats can be carried in the same radio block. On Figure 2 one can easily see that when an 8 bursts diagonal interleaving is used, each radio block carries two radio frames, one from the current transport block and another one frame the previous transport block.
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Figure 2. Diagonal Interleaving and Radio Blocks
As a result, when several transport formats are allowed for the same TrCH (e.g. variable bit rate of a media codec), the amount of possible combination in the same radio block increases rapidly. For instance if 4 different transport formats were allowed ((, (, ( and () on TrCHi, each radio block could carry 1) one radio frame from ( and one radio frame from (, 2) one radio frame from ( and one radio frame from (, 3) one radio frame from ( and one radio frame from (... For a total of 16 possible different combinations (4x4). That would require 16 values for the TFCI. An interleaving depth of 12 bursts, would give us a total of 64 different combinations (4x4x4)! That is probably the reason why diagonal interleaving is not used in UTRAN. In order to avoid the extension of needed TFCI, it is proposed to signal the transport format of the transport block in the first radio block only.

Figure 3 gives an example of such a mechanism when two TrCHs are used: TrCHX with TTI=20ms and PTT=40ms; TrCHY with PTT=TTI=20ms. The TFCI of the 1st radio block indicates that a transport block from TrCHY was sent (Y0). The receiver knows that on TrCHY, a PTT of 20ms is used and it can then decode Y0. In the 2nd radio block, the TFCI tells the receiver that a transport block from TrCHX is being sent (X0). The receiver knows that on TrCHX, a PTT of 40ms is used and consequently knows that the radio block contains the 1st radio frame of X0 while the 2nd one is expected in the following radio block. The TFCI of the 3rd radio block indicates that a transport block of TrCHX is being sent (X1). The receiver knows that the radio block not only carries the 1st radio frame of X1 but also contains the 2nd radio frame of X0 and is therefore able to decode X0…
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Figure 3. Diagonal Interleaving and TFCI
The main advantages of this solution are:

· Any interleaving depth is possible without having to standardise additional interleavers.

· Payload is not wasted at the beginning and at the end of every data burst.

· The multiplexing of different flows having different delay requirements is possible. For instance, it is possible to multiplex some signalling with short delay requirements together with a flow having long interleaving.

· Only requires minor modifications to the proposed architecture [1].

And the two drawbacks are:

· One TFCI value has to be reserved in order to terminate the diagonal interleaving as depicted in Figure 4 where an interleaving of 60ms is taken as an example.

· If a TFCI is lost when the TF of a TrCH changes, the content of the consecutive radio blocks carrying this transport block are also lost (see Annex A).
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Figure 4. End of diagonal Interleaving and TFCI

4. Conclusion

This contribution has explained why UTRAN cannot perform diagonal interleaving and given two solutions to make diagonal interleaving possible with the FLO in GERAN. It is not yet clear which solution is better since it depends on the multiplexing requirements.
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Annex A - Diagonal Interleaving Example
This annex shows an example of behaviour when the second solution is used to achieve diagonal interleaving. In the following table, transport blocks from one and only one transport channel are sent on a 20ms basis. Only two transport block sizes are considered: 100 and 200 bits. The index of the blocks tells us to which transport block the code block, encoded block, radio segment and radio frame belongs to. The CRC has a fixed size of 12 bits and the convolutional coding rate is fixed at 1/4 with a constraint length of 7 (6 tail bits). Radio blocks are GMSK modulated and offer 440 bits of payload (24 bits are reserved for the TFCI). 

	Time (ms)
	0
	20
	40
	60
	80
	100
	120
	140
	160
	180

	TrBlock (bits)
	100 A
	100 B
	100 C
	100 D
	200 E
	200 F
	200 G
	100 H
	200 I
	

	Code Block
	112 A
	112 B
	112 C
	112 D
	212 E
	212 F
	212 G
	112 H
	212 I
	

	Encoded Block
	472 A
	472 B
	472 C
	472 D
	872 E
	872 F
	872 G
	472 H
	872 I
	

	Radio Segment
	236 A
	236 B
236 A
	236 C
236 B
	236 D
236 C
	436 E
236 D
	436 F
436 E
	436 G
436 F
	236 H
436 G
	436 I
236 H
	436 I

	Radio Frame
	440 A
	220 B
220 A
	220 C
220 B
	220 D
220 C
	285 E
155 D
	220 F
220 E
	220 G
220 F
	154 H
286 G
	285 I
155 H
	440 I

	Coding Rate
	
	0.15 A
	0.23 B
	0.23 C
	0.27 D
	0.40 E
	0.45 F
	0.40 G
	0.32 H
	0.28 I


Let us take for instance the first transport block (transport block A). Its size is 100 bits. After CRC attachment, the code block A is 112 bits long (12 bits CRC added). After channel coding a 472 bits encoded block is produced (112+6)*4 = 472. The Encoded block is then split into 2 radio segments of equal size (236 bits) and each radio segment is successively processed through rate matching so as to make radio frames. Note that because of diagonal interleaving, the second radio segment of one transport block is always processed 20ms later than the first one. Every 20ms, radio frames are then concatenated to build radio blocks. One can easily check that thanks to the rate matching, the sum of the radio frames size is always 440 bits.

Because the rate matching works on a 20ms basis, the sizes of the radio frames depend on the sizes of the radio segments. As a result, since the first radio segment (A) is alone, its bits are repeated in order to fill the whole radio block (440 bits). No payload is then wasted because of diagonal interleaving and the first transport block can always benefit from a stronger coding, reducing the probability of front-end clipping. Another consequence is that the overall coding rate for a transport block depends on its position and its neighbours. Indeed we can see that in the table, the coding rate of transport block B and C are 0.23 while the coding rate of transport block A is lower (0.15 because it is the first one sent) and the coding rate of transport block D is higher (0.27 because it is followed by a 200 bits transport block). 

One possible advantage of such behaviour is that the changes of coding rate are smoother. But one drawback is, if a TFCI is lost when the size of the transport block changes (link adaptation), the content of the consecutive radio blocks carrying this transport block are also lost. That is because when the TFCI is lost, the information concerning the new transport block size is also lost. The receiver is then unable to tell the size of the radio segments and cannot perform reverse rate matching in order to decode the transport blocks. Let us assume that the 5th radio block and its TFCI are lost. The receiver cannot tell the size of transport block E (220 bits). Consequently it doesn’t know the size of the new radio segments (436 bits) and, although it knows that the second radio segment is 236 bits long (same as sent 20ms earlier), it cannot perform reverse rate matching and cannot decode transport block D (which is most probably lost anyway). Similarly in the 6th radio block, although the receiver can read the size of the new transport block F from the TFCI (220 bits), and is thus aware of the new radio segments size (436 bits), it is unable to perform reverse rate matching because it doesn’t know the size of the previous radio segment (from transport block E). Transport block F is then lost as well. In summary, one additional transport block is lost.

In order to minimise the effects, the receiver can assume by default that the transport block size did not change. In that case one additional transport block is lost only when a TFCI is lost where link adaptation is performed. This is probably seldom enough to consider this drawback as a minor one.
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