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Some Outstanding Questions for MUROS
Introduction
For the MUROS feasibility study [1], various objectives and simulation assumptions have been agreed so far. This contribution aims to clarify and highlight some outstanding questions and possible consequences, respectively, which are deemed important before concluding on a candidate technique. 
Maintenance of voice quality

Objective C1 of the MUROS feasibility study [1] states that:

”The introduction of the candidate techniques proposed under MUROS should not decrease voice quality as perceived by the user. In particular a voice quality better than for GSM HR should be ensured.”
Since evaluating perceived voice quality is not in TSG GERAN WG1’s area of expertise it has been argued that by comparing the link level performance only, i.e. Frame Erasure Rate (FER), it can be concluded whether a candidate technique meets objective C1.
Figure 1 provides a graphical representation (in Mean Opinion Scores (MOS)) of the AMR performances in clean speech and error conditions in Half Rate mode [2]. It can be seen from this figure, that GSM HR outperforms AHS 5.9 at C/I ≤ 10 dB (No other AMR HR mode than AHS 5.9 is included in the feasibility study.). 

Figure 4 and Figure 5 of [3] provide link level simulation results for GSM HR and AHS 5.9. Contrary to the MOS performance, GSM HR consistently outperforms AHS 5.9 in terms of FER at link level. 
Furthermore, it is worth noting that,

“Mean Opinion Scores can only be representative of the test conditions in which they were recorded (speech material, speech processing, listening conditions, language, and cultural background of the listening subjects…). Listening tests performed with other conditions than those used in the AMR Characterization phase of testing could lead to a different set of MOS results. On the other hand, the relative performances of different codec under tests is considered more reliable and less impacted by cultural difference between listening subjects.” [2] 
Thus, Figure 1 does not provide a universal threshold above which AHS 5.9 outperforms GSM HR, and below which GSM HR shows better performance. These results indicate that the relative difference in perceived voice quality of two different speech codecs experiencing different channel conditions cannot be evaluated by just comparing link level performance figures. It seems to be necessary to either abandon the objective C1 altogether, or base it on a comparison of link level performance metrics only, e.g.:”The introduction of the candidate techniques proposed under MUROS should not decrease link level performance (FER)”.
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Figure 1 (Figure 5.4 of [2]): AMR half rate/clean speech performances curve
Uplink power control range
In Section 5.2.5 of the MUROS feasibility study [1], the maximum uplink power imbalance ratio seen at the BTS receiver is defined as SCPIR = 15 dB. This value is significantly smaller than the uplink power control range for a class 4 MS in GSM 900 of 28 dB [4]. The goal of the uplink power control mechanism is to select the smallest MS output power still providing sufficient link quality at the BTS receiver. This reduces interference in the system and helps to keeps the MS power consumption in connected mode at a minimum.
As a consequence of the restriction in SCPIR, a pairing mechanism has to ensure that only terminals with a difference in their optimal output power of not more than 15 dB share orthogonal sub channels. Otherwise, terminals will be required to transmit at a higher output power level than necessary. This increases the interference level in the system and, additionally, has a negative impact to user experience of the voice service caused by a reduction in available talk time.

It is assumed that the impact to the interference level will be taken into account in system simulations automatically. The potential degradation of the talk time, however, is currently not captured in the feasibility study. To evaluate the impact of the uplink power control range limitations, at least information on how many terminals are ordered to transmit above their optimum output power levels (and the difference in these levels) should be included in the feasibility study. 
Support of legacy mobile stations
Objective C2 of the MUROS feasibility study [1] states that:

“Support of legacy MS by candidate techniques proposed under MUROS identifies a further MS related objective. No implementation impacts shall be required for legacy MS types. First priority has the support of legacy DARP phase 1 capable terminals, whilst second priority is given the support of legacy GMSK terminals not supporting DARP phase 1 capability.”
Three types of terminals will initially be present in a MUROS system based on orthogonal sub channel techniques (OSC):

· Type A: Supporting any new functionality introduced for MUROS as well as DARP Phase I performance requirements;

· Type B: Legacy terminal supporting DARP Phase I;

· Type C: Legacy terminal not supporting DARP Phase I.

Assuming an ideal legacy network with negligible co-channel interference, the activation of OSC causes the ratio of the wanted signal to interfering signal for a pair of terminals sharing the same channel decrease to C/I = 0 if no sub channel power control is applied. 

One of the two terminals has to be of type A and should be able to cope with a C/I that low. If the terminal operating on the other sub channel is of either type A or B, FER should be in a range to provide sufficient speech quality due to the advanced receiver performance of these terminals. If the terminal operating on the second sub channel is of type C, however, sub channel power control is necessary to increase the C/I to an acceptable level for this type of terminal.

Assuming that the RX co-channel performance of a legacy terminal is approximately FER = 5% at C/I = 9 dB for TCH/AHS5.9 [4], the sub channel power control has to be able to provide a C/I > 9 dB for a type C terminal (still, not taking into account any other interference than from the orthogonal sub channel). This, however, results in an interference level for the type A terminal on the other sub channel of C/I < -9 dB. Since even for the most robust AMR HR codec a C/I in the range of 5 dB - 7 dB is necessary for acceptable speech quality, it seems that OSC requires DARP Phase I capabilities for all terminals. Otherwise, new performance requirements for type A terminals would have to be specified (current DARP Phase I minimum co-channel performance requirements are C/I = 3 dB for TCH/AHS4.75 and DTS-1 [4]).
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