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Introduction
The adaptive multi-rate (AMR) codec is a speech codec standard for GSM phase 2, which adaptively changes the source rate based on the quality of the wireless channel. 
The receiver can request (MS to network), or command (network to MS), the transmitter to adjust the speech coding rate to follow the channel quality. 
The request of AMR codec from the MS to the network is based on a C/I estimation and C/I adaptation thresholds provided by the network. The C/I estimation is to a large extent up to MS implementation and there is currently no standardized distinction between a VAMOS and non-VAMOS channel regarding how to estimate the C/I.
This paper attempts to clarify the MS behavior in the specification by basing the C/I estimate only on estimated raw bit error rate.
[bookmark: _Ref380339151]Background 
The idea of Adaptive Multi Rate (AMR) is to change – adapt – the codec rate depending on the radio channel conditions. One measure of the radio channel condition is the carrier to interferer ratio (C/I). 
There are requirements on the MS about which codec rate that should be used for certain C/I conditions. These requirements are verified in a set of tests called “Performance of the Codec Mode Request Generation for Adaptive Multi-Rate Codecs” and are specified in subclause 14.10 in [1]. On the MS side to fulfill the requirements, the MS estimates, on a frame basis, the C/I, this is then mapped to a specified Codec Mode Request.
When the DARP Phase I was introduced the link performance was improved, especially for co-channel interferer which is the interferer type used for the tests. This means that the estimated C/I is higher for a DARP Phase I compatible MS than the test equipment has set up, i.e. the MS would use a different codec than expected. To get around this problem the test specification allows the phone vendor to have a normalization table, also called offset table, when testing a DARP Phase I mobile. This offset table is provided by the MS vendor and applied to the test equipment which adjusts the C/I conditions according to the MS vendor performance. Details about the testing can be found in section 14.10 in [1].
The normalization of performance becomes more complex  after the introduction of the other improved receiver types like, DARP-II, VAMOS-I, VAMOS-II and VAMOS-III. In addition to this, receivers are expected to have quite different normalization factors depending on the scenario experienced (for example single interferer profile vs multi-interferer profile).
Also, there is no behavior specified for a VAMOS MS when receiving an AQPSK modulated signal. The specification allows for the MS to estimate C/I but does not clarify how the C/I should be estimated, i.e. (C1+C2)/Iext or C1/(C2+Iext).
Existing specification
Today for codec mode adaptation the following clause is stated in [2] subclause 3.3.1: 
“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 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).”
[bookmark: _Ref371800302]Proposal
As discussed in Section 2, the estimated C/I at the antenna input is not always a good measure for AMR codec mode switching since the C/I definition is not clear in case of VAMOS (AQPSK) and the normalization factor applied becomes more complicated the more advanced receivers are introduced (DARP Phase I, DARP Phase II, MSRD, TIGHTER, VAMOS I/II/III). 
However, provided that a Raw BER estimate is used to derive the C/I estimate, the performance remains more or less constant irrespective of receiver type and interference scenario (sensitivity, single Co-channel, multi-interferer), as shown in Figure 1. 
[bookmark: _GoBack]The maximum spread in Raw BER at FER level 1% and 0.1% has been marked with red solid horizontal lines and in Figure 2 the corresponding resulting spread in C/I is seen. It can be seen that it is around 1 dB.
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[bookmark: _Ref380339597]Figure 1. Raw BER vs FER for different receiver with equalizers
This implies that the MS can provide a consistent C/I estimate to the network if the C/I is estimated based on Raw BER and overall a more efficient and correct AMR codec mode adaptation can be ensured. Because, the Raw BER truly reflects the equalizer’s (demodulator) bit error performance (or “experienced C/I”) in different interference and fading channel conditions, the Raw BER based indication will properly reflect the link level performance of the receiver.   
Figure 1 also simulates a SAIC/VAMOS I receiver with AQPSK carrier. It can be seen that the consistency in Raw BER vs FER is kept also for this scenario.
It can be noted that the Raw BER based estimation is already mentioned as an option to estimate the C/I in today’s specification and the proposal is only to mandate the MS to use a Raw BER based approach.
Considering that the AMR adaptation is based on C/I thresholds it is considered valuable to provide a Raw BER <-> C/I mapping in the specifications. This should be based on a receiver without any interference suppression capabilities. Performance of a non-SAIC receiver is shown in Figure 2. The mapping is only proposed to be informative to leave the actual implementation up to the MS.
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[bookmark: _Ref380340187]Figure 2. Raw BER vs C/I curve for non-SAIC receiver
The proposal includes the following:
· Mandate the MS to utilize Raw BER estimation to base the C/I estimation on for AMR codec rate adaptation (already supported by the specifications today but it would imply removing the option of deriving a ‘C/Iest’)
· Add an informative Raw BER <-> C/I mapping in an Annex of 45.009.
· Draft a LS to GERAN WG3 to take the modified specification into account, as well as proposing to add a test case for AMR codec rate adaptation using AQPSK carrier.
Conclusion
Today, MS vendor uses a normalization table, also called offset table, when testing different receivers housing different types of channel equalizers, like SAIC, VAMOS etc. This causes issues due to non-uniformities in the receiver performance to adjust the codec mode or link adaption and is also not consistent across different interference scenarios. Also, the core specification is not clear on how AQPSK modulation should be treated, and there exist no corresponding test case for AQPSK modulation related to AMR codec rate adaptation.
It is proposed to:
· Mandate the MS to utilize Raw BER estimation to base the C/I estimation on for AMR codec rate adaptation (already supported by the specifications today but it would imply removing the option of deriving a ‘C/Iest’)
· Add an informative Raw BER <-> C/I mapping in an Annex of 45.009.
· Draft a LS to GERAN WG3 to take the modified specification into account, as well as proposing to add a test case for AMR codec rate adaptation using AQPSK carrier.
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