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Reference Channel for AMR Codec Mode Adaptation
1. Introduction

In this contribution we discuss problems with the testability of codec mode adaptation performance requirements. For the codec mode adaptation procedure a reference channel—TU3 ideal FH—is defined. TU3 ideal FH, however, cannot be realized easily in test equipment. Since it is the only channel the performance requirements for the adaptation thresholds are based on, receiver performance requirements related with AMR codec mode adaptation cannot be tested. We therefore propose to change the reference channel to a practicable channel—TU50 ideal FH. 
2. The reference channel in codec mode adaptation
In [2] it is defined that: 

“Codec mode adaptation is based on a normalized, one-dimensional measure of the channel quality, called the Quality Indicator. For reference purposes, the Quality Indicator is defined as an equivalent carrier to interferer ratio, C/Inorm.”,   
and:

“The reference channel conditions for the normalized Quality Indicator C/Inorm shall be Typical Urban 3 km/h with ideal frequency hopping at 900 MHz.”

Since this is the only channel condition defined in the codec mode adaptation procedure, tests evaluating the conformance of an MS have to rely on this channel condition. Consequently, [3], Section 14.10 currently specifies TU3 ideal FH with 10 hopping frequencies for testing the codec mode adaptation settling time and thresholds.  
3. Correlation properties

Ideal frequency hopping assumes perfect decorrelation between bursts. Coherence time 
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 is a statistical measure of the time duration over which the channel impulse response is essentially  invariant, and quantifies the similarity of the channel response at different times. In other words, coherence time is the time duration over which two received signals have a strong potential for amplitude correlation. If coherence time is defined as the time over which the time correlation function is above 0.5, then it is approximately given by:
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where, 
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, is the maximum Doppler frequency. This is an empirical equation for an urban scenario. Since the coherence time is inversely proportional to the Doppler spread, for an exact result simulations or measurements of a channel would have to be evaluated. For the scope of this contribution, however, it is sufficient to get an estimate of 
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For TU50 ideal FH, [1] states that sufficient decorrelation may be achieved with hopping over four frequencies spaced over 5 MHz. The coherence time for TU50 at 900 MHz is, according to (1), 
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 ms. This is well below the duration of 4 TDMA frames (4 x 4,613 ms = 18,5 ms).

For TU3 at 900 MHz, the same calculation results in 
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 ms, which is equivalent to approximately 36 TDMA frames.
4. Proposal for a new reference channel

Considering the recommendation given in [1] to achieve sufficient decorrelation for a TU50 ideal FH channel at 900 MHz and the estimate of the correlation time for a TU3 ideal FH channel at 900 MHz, it seems necessary to hop over approximately 65 frequencies to achieve sufficient decorrelation for a TU3 ideal FH channel at 900 MHz. 
Since this high number of frequencies is not practical for testing purposes we propose to change the reference channel to TU50 ideal FH. Both channels are almost identical in link performance, but TU50 ideal FH has the advantage of testability due to the considerable smaller number of hopping frequencies required to achieve sufficient decorrelation.
The intended changes in [2] are summarized in Annex A.
Even though AMR link performance is almost identical for TU3 ideal FH and TU50 ideal FH, the change in the reference channel could result in different—implementation specific—performance in terms of settling time and estimation of the thresholds. We encourage companies to investigate this matter and to provide feedback so that an agreement can be reached at GERAN #18. 
5. Summary

In this contribution we discussed problems related to the reference channels for AMR codec mode adaptation. For the currently specified reference channel—TU3 ideal FH—sufficient decorrelation is not easily achievable. To enable testing of the AMR codec mode adaptation thresholds and settling time we propose to change the reference channel to TU50 ideal FH. 
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Annex A

Necessary modifications in 45.009 (based on v.5.5.0) for changing the reference channel from TU3 ideal FH to TU50 ideal FH:
3.3.1
Channel quality measure

Codec mode adaptation is based on a normalized, one-dimensional measure of the channel quality, called the Quality Indicator. For reference purposes, the Quality Indicator is defined as an equivalent carrier to interferer ratio, C/Inorm. The MS and BSSs shall continuously update the Quality Indicator estimates.

The Quality Indicator may be derived from an estimate of the current carrier to interferer ratio, C/Iest , or an estimate of the current raw bit error rate (BERest). A fixed normalization factor may be applied between the estimate (C/Iest or BERest) and the Quality Indicator to compensate for higher receiver performance.

The MS shall apply a second normalization factor be applied to normalize the estimate with respect to different channel types, such that, with given C/Inorm and given codec mode, the FER after channel decoding becomes independent of the channel type.

The reference channel conditions for the normalized Quality Indicator C/Inorm shall be Typical Urban 50 km/h with ideal frequency hopping at 900 MHz.

An example of channel quality measuring for the case of an Ideal Frequency Hopping channel in a Typical Urban Environment is given in Annex A.

******************** Next modified Section ********************

3.3.3.3
Performance of the Codec Mode Request Generation

For TU50 channel conditions with ideal frequency hopping without DTX activated in GSM900 and GSM850, the MS shall produce Codec Mode Requests with the following accuracy:

-
When a carrier to interferer ratio 4 dB higher than a defined upper threshold is applied to the antenna connector, the MS shall request a higher mode with a probability exceeding 90%. This shall be measured immediately after a settling-time of 200 ms.

-
When a carrier to interferer ratio 4 dB lower than a defined lower threshold is applied to the antenna connector, the MS shall request a lower mode with a probability exceeding 90%. This shall be measured immediately after a settling-time of 200 ms.

If required, the above test levels shall be reduced by the fixed normalization factor defined in sub-clause 3.3.1 to account for potential improved receiver performances.

For other frequency bands, the propagation profile should be adjusted to: TU25 for DCS1800 and PCS1900, TU100 for GSM400 and TU60 for GSM700.

******************** Next modified Section ********************

3.4.2
Definition of Codec Mode Command/Request decision thresholds

The Codec Mode Command/Request decision thresholds shall be defined at call set-up and/or handover by layer 3 signalling as defined in 3GPP TS 44.018 [2]. The decision thresholds may be changed during a call using a RATSCCH message. The decision thresholds shall apply to the reference channel conditions TU50 ideal frequency hopping at 900 MHz. For each pair of neighbouring codec modes in the Active Codec Set, a threshold and a hysteresis value in terms of normalized carrier to interference ratio (C/Inorm), is defined. The lower decision threshold for switching from mode j to mode j-1 is given by the signalled threshold. The threshold is referred to as THR_MC_Dn(j) or, THR_MR_Dn(j) in subclause 3.3.2.
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