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Abstract

In this document a coding scheme of the Transport Format Combination Indicator (TFCI) for the TDD mode is proposed for TFCI lengths in the range from 1 to 10 bits. While the FDD coding scheme supporting a TFCI length of 6 up to 10 bits is reused in TDD according to the current working assumption, for lower TFCI lengths simple repetition and a solution very similar to the FDD coding scheme is introduced.

Although figures for the level of transmission will not be mentioned here, this document will also discuss the midamble and TFCI power levels. Finally, it is proposed to utilise the redundant TFCI-information in cases when the Transport Format Combination does not change every frame. For this purpose also an interleaving of the TFCI may be useful.

Introduction

The Transport Format Combination Indicator (TFCI) currently proposed for TDD is similar in nature and execution to the one proposed for FDD [1,2].  Both systems, as they currently exist, rely on two different coding schemes.  If there are 6 or less bits for the TFCI the encoding is done using one biorthogonal(32,6) block code.  If the TFCI is extended to 7-10 bits the encoding is performed using two biorthogonal(16,5) codes.  These schemes were proposed in [3] and further refined in [4].

One of the best ways of encoding a small number of bits is the use of biorthogonal code.  Therefore, a suitable approach for the TFCI for TDD would be to reuse as much as possible of the coding scheme from FDD. In order, however, to maximise the flexibility of TDD it is suggested that more variation is included in the coding schemes for the TFCI transmission.

Differences between FDD and TDD regarding the TFCI.

Whereas the TFCI in FDD is to be communicated over an entire frame, the TFCI for TDD is to be transmitted fully over one slot.  This leaves the TDD TFCI more susceptible to fading, as transmission takes place over a smaller length of time.  It is thus crucial to provide a robust coding scheme.  If the TFCI is lost, then the receiver may resort to blind rate detection, which would have an impact on the real time coding.  Additionally for TDD, the TFCI is to be transmitted within the data burst.

From [6] the TFCI is transported either side of the midamble, evenly dividing the data as shown in figure 1.
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Additionally, for TDD the transmission contains guard periods at either end of the traffic burst.  These guards reduce the time available for data transmission.  Further, the TFCI itself reduces the capacity, and therefore the TFCI should be kept as short as possible.

Discussion of several Coding Schemes

Whilst some of the FDD scheme may be utilised, the TDD does not have the facility to transmit over a whole frame, thus increasing the possibility of losing the TFCI.  Further, as discussed above, as the TFCI is to be included within the data burst, the number of TFCI bits to be transmitted should be minimised.

Due to the nature of biorthogonal coding the largest influence is the length of the code.  If using a 16 bit code to encode say 4 rather than 5 bits, the coding gain achieved is small when compared to the gain achieved when comparing a 16 bit code to an 8 bit code.  This paper, and the following brief simulations, is only concerned with the length of the code.

By using the same encoding scheme for 6 – 10 bit TFCI length as FDD previous simulation results may be used [4].  These provide a SNR of around 4.5dB for an AWGN channel for a BER of 10-5 when using the 7-10 codes.  Theoretical results for the (16,5) biorthogonal coding scheme can be seen in section 6.

The Bit Error Rate for the coding schemes for a biorthogonal code using 32, 16 and 8 bits can be seen in Proakis[7], chapter 5-2-3.  Figure 5-2-6 in [7] shows the comparison of the behaviour for a number of different biorthogonal codes.  This also provides graphs of the behaviour of the biorthogonal coding schemes over an AWGN channel.

The theoretical results obtained from Proakis[7] can be seen in figure 2. Note that this figure does not take into account any gain arising by reducing the number of bits below the design capability of the code.  That would have less of an impact as the length of the code than the length of the code.  Further, the figure is simulated over an AWGN channel rather than a Rayleigh fading channel.  However, due to power control this is considered to give a reasonable representation of the comparison between coding schemes.


It can be seen from the figure that there is a degradation of approximately 1dB – 1.5dB between 16 and 8 bit coding for a bit error rate of 10-5.  It is expected that this difference would be greater over a fading channel.  Added to the further degradation of approximately 1dB between 16 and 32 bit codes, indicates that the TFCI for an 8 bit code would have to be transmitted 2.5dB higher than for a 32 bit code.  In addition to this is the inherent coding gain derived from using a greater number of bits.  The total difference in Energy to Noise ratio per bit of information is in the region of 8.5dB.  This is not acceptable, as it would mean that either a different frame error rate would be obtained, or a much higher level of power be transmitted.  The power considerations will be discussed further in section 7.  It is therefore not recommended that the (8,3) biorthogonal code is used.

Figure 3 shows the theoretical behaviour of a single bit transmission.  The formula for this calculation is taken from Proakis[7] chapter 5-2-1.  This shows that the transmission of a single bit over an AWGN channel has a Eb/N0 of  approximately 12.5dB for a BER of 10-5.  To bring this up to the simulated SNR for 32 bit biorthogonal transmission, repetition is required.  The repetition recommended is therefore as follows:

1 bit:  Repeated 3 times for an improvement of  4.7dB.

2 bit:  Repeated 3 times each for the same improvement. This would bring the SNR down to approximately 8dB, which, as can be seen, compares to the SNR for 16 and 32 bit biorthogonal code.  Further, 2 bits is transmitted in 8 bit format, and a single bit is transmitted in 4 bit format, keeping with the interleaving format suggested in a previous section.


Figure 4 shows the results of a Mathcad simulation for repetition of a single bit over an AWGN channel.  The improvement in SNR performance has clearly reached an acceptable level after 3 bits of repetition.


TFCI and Midamble Power level

Figure 5 shows the power level of the TFCI within a data burst.  It is recommended for ease of reception that the midamble is transmitted with a power independent of the data rate since no rate matching is applied to it.

Also the TFCI is to be transmitted at a constant power, which should be less than or equal to the power of the midamble. Also, as the TFCI transmission is variable, it should not be transmitted at a level less than the data.

There is an obvious exception to this rule. There will be times when there is multicode transmission. At these times the power of the data transmission may be greater than the power of the midamble.  However, the TFCI is common for all codes within a multicode transmission. The level of the TFCI should therefore be taken relative to the power of a single spreading code.

Interleaving

Previously, the TFCI in TDD, as stated above, was not planned to be interleaved through more than one slot.  This, however, increases the probability of receiving a corrupted TFCI as any excessive noise is more likely to last over a slot than a frame.  However, it is important to note that most services have a transmission interval of at least 2 frames. In this case the higher layers can guarantee that the Transport Format Combination change with a shortest period of 20 ms, which means that in several consecutive frames the same TFCI is sent. This redundant information can be utilised in the receiver in order to provide a more robust method of transmission. Moreover, to reduce the overhead for TFCI signalling in this case it is possible that the TFCI word(s) are interleaved over two slots in two consecutive frames. Thus, for example, for an eight bit transmission there will be two bits either side of the midamble, in two separate slots, each a frame apart. In case of interleaving it should be possible that both parts of the TFCI can be decoded separately.

Conclusions

The following recommendations are made on discussions in the preceding sections:

The TFCI encoding is to be performed as follows:

· 1 – 2 bit:  Repetition is used.  Each to be repeated 3 times giving 4 bit transmission for a single TFCI bit or 8 bit transmission for 2 TFCI bits.

· 3 – 5 bits:  Using the (16,5) biorthogonal code as proposed for the extended TFCI for FDD.

· 6 bits:  Using the biorthogonal (32,6) code proposed for the FDD.

· 7 – 10 bits:  Using the same encoding scheme as the extended TFCI code for the FDD as discussed in [4].

In case of the shortest Transmission Time Interval is 20 ms or above, the redundant TFCI information should be combined in the receiver and may be interleaved over two slots, spaced by a single frame. 

The midamble power is independent of the data rate, while the TFCI power is to be no greater than the midamble power and no less than the power of a single spreading code.

Text proposal

It is recommended to incorporate in section 6.3.1 of [8] the following changes:

6.3.1 Coding of Transport-format-combination indicator (TFCI)

<Editor’s note: TFCI text is taken from ARIB Volume 3. In ETSI TDD, the slot structure contains a variable number of TFCI bits (See last version of xx.09). The following text should be taken as an example for 32 transmitted TFCI bits. The interleaving is taken from FDD mode, different interleaving might be necessary for TDD.>

Encoding of the TFCI bits depends on the number of them. If there are at most 6 bits of TFCI the channel encoding is done as described in section 6.3.1.1. Correspondingly, if the TFCI word is extended to 7-10 bits the channel encoding is done as explained in the section 6.3.1.2. When decoding, default TFCI words are assumed. 

6.3.1.1 Default TFCI word

If the number of TFCI bits is 6 a biorthogonal (32, 6) block code is used. The code words of the biorthogonal (32, 6) code are from two mutually biorthogonal sets, 
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 are from the level 5 of the code three, which is generated, using the short code generation method defined in chapter 6.2 of S1.23. The mapping of information bits to code words is shown in the Table 6.3.1- 1.

Table 6.3.1- 1 Mapping of information bits to code words for biorthogonal (32, 6) code.

Information bits
Code word
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6.3.1.2 Extended TFCI word

If the number of TFCI bits is 7-10 the TFCI information field is split into two words of length 5 bits as shown in the following formula: 
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Both of the words are encoded using biorthogonal (16, 5) block code. The code words of the biorthogonal (16, 5) code are from two mutually biorthogonal sets, 
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 are from the level 4 of the code three, which is generated, using the short code generation method defined in chapter 3.2.4.2.2.1.1.1. The mapping of information bits to code words is shown in theTable 6.3.1-2. 

Table 6.3.1- 2 Mapping of information bits to code words for biorthogonal (16, 5) code.

Information bits
Code word
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6.3.1.3 Coding of short TFCI lengths
If the number of TFCI bits is 1 or 2, then repetition will be used for coding. In this case each bit is repeated 3 times giving 4 bit transmission for a single TFCI bit and 8 bit transmission for 2 TFCI bits.

If the number of TFCI bits is in the range of 3 to 5, then one word of the biorthogonal (16, 5) block code, as described in section 6.3.1.2, will be used. 
6.3.1.4 Interleaving of TFCI

In case of the shortest Transmission Time Interval is 20 ms or above, the redundant TFCI information should be combined in the receiver and may be interleaved over two slots, spaced by a single frame.

The details of the interleaving scheme are ffs. 

6.3.1.3.1 




6.3.1.3.2 
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Figure 5 Power of Data burst
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Figure 3: Single bit error transmission
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Figure � SEQ Figure \* ARABISCH �2�: Comparison of different biorthogonal code length 
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Figure � SEQ Figure \* ARABISCH �1�: Position of TFCI in Traffic Burst
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