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Signalling of Link Adaptation 
Messages in FLO

1. Introduction

Link adaptation is needed in FLO to control the selection of TFC according to the prevailing channel conditions. One question that needs to be solved is how the link adaptation messages are exchanged between MS and BSS. In GERAN#18, Siemens proposed that the LA messages should be signalled using either inband bits or the spare bits of a SACCH message [1]. This document provides an alternative approach, which involves a dedicated TrCH to carry the LA signalling.

2. PROPOSED architecture

In order to exploit the flexibility of FLO, it is proposed that the LA signalling should be transported with a separate TrCH. This approach ensures that the protection of LA messages can be freely adjusted to meet the varying performance requirements for the LA signalling. Another advantage is that the size of the LA message is not restricted to any specific value.

The architecture is illustrated in Figure 1, which shows the transport channel configuration for a typical AMR service. As can be seen, either convolutional coding or block coding can be used to protect the LA messages. However, it should be noted that the adoption of the block coding requires some modifications on the current architecture of FLO, while no changes are needed with convolutional coding. The rate matching block needs no modifications in either of the cases.
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Figure 1 - TrCH configuration for a typical AMR service

3. Simulations

The purpose of the simulations was to assess the link level performance of the proposed link adaptation scheme and to compare the performance of the channel coding alternatives (block or convolutional coding).

3.1 Configuration

The LA performance was studied with three narrowband AMR codec modes that covered the whole adaptation range. The transport channel parameters were adjusted so that the configuration of these modes would resemble the physical layer configuration of TCH/AFS. The rate matching attributes were optimized for AMR-12.2, which means that the protection of the other modes was suboptimal. The transport channel parameters for the speech TrCHs are summarized in Table 1 below:

Table 1 – Parameters for the speech TrCHs
	Parameter
	AMR - 4.75 kbit/s
	AMR - 7.40 kbit/s
	AMR - 12.2 kbit/s

	
	TrCH 1
	TrCH 2
	TrCH 1
	TrCH 2
	TrCH 1
	TrCH 2

	TB length
	81
	163
	61
	87
	39
	56

	CRC
	6
	0
	6
	0
	6
	0

	RMA
	6
	5
	6
	5
	6
	5


3.2 Block coded vs. convolutionally coded LA

The performance of block coding and convolutional coding schemes was assessed by evaluating the BLER of the link adaptation TrCH as a function of the encoded LA message length. The simulations were repeated for the LA message sizes between 1-5 bits, the codec mode being AMR-12.2.

The length of a block coded message was obtained from
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where FixedCodeLength refers to the same block code that is used to encode the TFCI header [2]. The encoded block lengths and the corresponding code rates for different message sizes are shown in Table 2. The fixed code was punctured (or repeated) in the rate matching block in order to adjust the EncodedMessageLength to the desired value.

Table 2 – Code rates for the fixed block code
	LA message length
	FixedCodeLength
	Code rate

	1
	8
	0.125

	2
	16
	0.125

	3
	24
	0.125

	4
	28
	0.143

	5
	36
	0.138


The length of a convolutionally coded message was obtained from
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where MessageLength is the length of the uncoded LA message (1-5 bits), TailBits is the number of bits needed to terminate the convolutional code (7 bits), and CR is the code rate of the mother code (1/3). Again, the mother code was punctured with a certain number of PuncturedBits in order to adjust the final code rate.

In order to compare the performance of the studied schemes with the reference performance (TCH/AFS-INB), the co-channel interference ratio was fixed to 6 dB, which is the CIR level that the reference performance values are specified in [3]. The rate matching attributes were chosen so that the BLER of the LA TrCH would be around the reference BLER (3.5 % for nFH and 0.15 % for iFH). 

The results are presented in Appendices A and B and summarized in Table 3, which shows the LA message sizes required to yield the reference performance of THC/AFS-INB (rounded to the nearest bit).

Table 3 – LA message size required to yield the reference performance

	Size of LA message
	iFH
	nFH

	
	Block 
	Conv
	Block
	Conv

	1
	5
	9
	5
	9

	2
	10
	12
	15
	17

	3
	15
	15
	29
	29

	4
	19
	19
	40
	41

	5
	22
	22
	57
	57


As can be seen from Table 3, the performance of convolutional coding is equivalent to the performance of block coding when the size of the LA message is 3-5 bits. For shorter messages, convolutional coding introduces a minor loss due to the tail biting overhead: to reach the same performance, 4 more coded bits are required for the 1-bit message and 2 more coded bits are required for the 2-bit message. However, the loss in speech performance due to these extra bits is around 0.1 - 0.2 dB.

3.3 Performance of convolutionally coded LA

This section shows the performance of convolutionally coded link adaptation across the codec modes of narrowband AMR. The simulation results are summarized in Table 4, where the first column represents the block error rates of the link adaptation TrCH at speech FER=1%. The second column gives the speech performance losses for the studied rate matching attributes, the figures being normalized to RMA=1. The resulting coding rates for the link adaptation TrCH are shown in column 3.

Table 4 – Performance of the convolutionally coded link adaptation scheme

	RMA
	AMR - 4.75 kbit/s
	AMR - 7.40 kbit/s
	AMR - 12.20 kbit/s

	
	BLER *
	Loss **
	CR ***
	BLER *
	Loss **
	CR ***
	BLER *
	Loss **
	CR ***

	1
	31.07%
	0.00
	0.625
	32.41%
	0.00
	0.833
	77.16%
	0.00
	1.250

	2
	3.40%
	0.04
	0.313
	4.26%
	0.05
	0.455
	50.96%
	0.11
	0.714

	3
	0.85%
	0.08
	0.217
	0.80%
	0.19
	0.313
	0.45%
	0.26
	0.455

	4
	0.25%
	0.20
	0.167
	0.23%
	0.28
	0.238
	0.22%
	0.27
	0.357

	5
	0.12%
	0.24
	0.135
	0.04%
	0.35
	0.192
	0.01%
	0.37
	0.294

	6
	0.05%
	0.35
	0.116
	0.02%
	0.43
	0.167
	0.01%
	0.39
	0.250

	7
	0.02%
	0.47
	0.102
	0.01%
	0.56
	0.143
	<0.01%
	0.56
	0.217

	* Link adaptation BLER at speech FER=1%

	** Impact on speech performance (compared to RMA=1)

	*** Coding rate of the link adaptation message


As can be seen from Table 4, the performance of the LA signalling is quite uniform across the codec modes (i.e. BLER does not fluctuate much within ACS) for RMA>3. This is very beneficial, since the highest codec modes would typically receive too much redundancy in case of a fixed (block) code. For instance, the operator might require the link adaptation BLER to be less than 0.1%, which means that the RMA should be 6. With this choice, the LA BLER at the NW operating point (FER=1%) stays within 0.01-0.05 % regardless of the codec mode. If a fixed 5-bit TFCI code was used (code rate = 0.138), the highest modes would receive too much redundancy and the overall speech performance would be degraded.

4. Conclusion

In order to get maximum benefit from the introduction of FLO, the link adaptation messages should be transported on a separate TrCH. Such approach ensures that the protection of LA messages can be freely adjusted to meet the varying performance requirements for the LA signalling. Furthermore, the LA performance is more evenly distributed across the codec modes, as explained in Chapter 3.  

The link adaptation messages can be encoded with block or convolutional code. Despite of the minor overhead, convolutional coding should be preferred over block coding, since no changes are needed in the current architecture of FLO.
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Annex A - Convolutionally vs. block coded LA (iFH)
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Annex B - Convolutionally vs. block coded LA (nFH)
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