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AMR Link Adaptation – Codec Mode Request Generation of DARP Mobiles
1 Introduction

This document addresses a problem that will occur with DARP mobiles using AMR speech.  It is shown that the optional fixed normalization factor defined in TS 45.009 [1] that can be used to compensate for higher receiver performance is not sufficient to guarantee optimal functioning of AMR link adaptation. Furthermore, we address the problem of an unclear reference for the channel quality measure in the specification of AMR Link Adaptation [1].

2 Definition of Channel Quality Measure for AMR Codec Mode Generation

The channel quality measure used for AMR link adaptation is defined in [1] as follows:

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 3 km/h with ideal frequency hopping at 900 MHz.
3 
Discussion
3.1 Application of the Quality Indicator on DARP Mobiles
A conventional mobile will measure the C/I at the antenna connector and only apply the second normalization factor to compensate for different channel conditions. A DARP mobile, however, may additionally apply  the first normalization factor that accounts for the improved performance, such that the FER becomes independent on whether DARP is used or not. 
This behavior is reasonable with respect to AMR link adaptation. This is illustrated by the following example. Assume reference channel conditions as described in [1] Sec. 3.3.1 with a C/I at the antenna connector of 10 dB. Moreover, the network has signaled a threshold of 10 dB to switch from codec mode (CM) 1 to codec mode 2. At this operation point, the conventional mobile may exhibit a FER of 1.5% applying CM1.  The mobile has determined a C/Inorm of 10 dB and will generate a CMR to switch from CM1 to CM2. The DARP mobile may provide a gain of 6 dB compared to the conventional MS. Thus, it shall generate the CMR to switch from CM1 to CM2 at a C/I of 4 dB at the antenna connector. The latter situation also corresponds to a FER of 1.5%. Thus, for optimum performance of link adaptation, the DARP MS applies a normalization factor of 6 dB to compensate for higher receiver performance.
The requirement on the performance of the codec mode request generation can be fulfilled with any fixed normalization factor, since TS 45.009, Sec. 3.3.3.3 allows shifting the test levels accordingly:
For TU3 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.

A problem arises because the gain of a DARP mobile compared to a conventional mobile for given channel conditions varies dependent on the carrier-to-interference level. Generally, the highest gain is obtained for low C/I levels, while it may be even zero for high C/I levels. As a consequence, the normalization factor to be applied by the MS to varies, too. Note that this behavior is still reasonable with respect to AMR link adaptation.

However, a variable normalization factor does not match the definition of the channel quality measure, and a DARP MS cannot meet the requirement. The actual normalization factor is not known outside the MS, and its CMR generation behavior becomes unpredictable.
To match the definition of the channel quality measure and to fulfill the requirement on CMR generation performance, the MS may initially estimate the C/I level at the antenna connector, not taking into account improved DARP performance, if necessary normalize with respect to different channel types, and then approximate its DARP gain by a fixed value.
Two undesired cases with respect to link adaptation are possible:
· The actual gain is above the normalization factor. As a consequence, more robust codec modes are used than necessary. This sacrifices audio performance.
· The actual gain is below the normalization factor. In this case, FER becomes higher than intended by the network. Because modes are operating at FER too high, audio performance is impaired.
The latter case impairs audio performance more seriously.  Thus, the MS will most likely be designed to avoid this case, using a fixed normalization factor of 0 dB.  As a consequence, the better performance of a DARP MS cannot be exploited by the link adaptation algorithms of the network.
To summarize, the variable gain of DARP MS compared to conventional MS does not match the definition of the optional fixed normalization factor to compensate for higher receiver performance given in TS 45.009 [1].  The MS may approximate its variable performance gain by a fixed normalization factor to match the definition and to fulfill the requirement. In this case, the higher performance of a DARP MS cannot be exploited for AMR link adaptation.
3.2 Reference of the Channel Quality Measure
The channel quality measure in TS 45.009 is defined as an equivalent carrier to interferer ratio, C/Inorm. However, since no statement is made on the FER performance of a reference receiver, the channel quality measure definition in TS 45.009 lacks a reference in terms of FER performance.  We understand C/Inorm as the C/I of a minimum performance receiver according to the requirements given in TS 45.005 under reference channel conditions which would show the same FER as observed in the instantaneous reception scenario. We think this should be clarified in TS 45.009.
4 Proposal

The definition of the channel quality measure in TS 45.009, Sec. 3.3.1 shall be modified to allow for a variable normalization factor. Moreover, it shall be clarified that the reference for the channel quality measure is the minimum performance according to the requirements given in TS 45.005. The requirement on the channel quality measure specified in TS 45.009, Sec. 3.3.3.3 shall be adapted to allow for a variable normalization factor to account for improved receiver performances.
If there is support for the proposal, Siemens is willing to provide the required CRs to GERAN.
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