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Higher Order Modulations for MUROS
1 Introduction
A new Study Item Multi-User Reusing One Slot (MUROS) was agreed at GERAN#36 [1]. The purpose of the Study Item is directed towards improving speech efficiency. Some proposals [2][3] have already been introduced that have the potential to carry 2 users over a single physical channel. This contribution introduces the concept of the usage of higher order modulations to carry more than 2 users over a single physical channel.
The recently completed GERAN Evolution WIDs for Release 7, including RED HOT [4] and HUGE [5] have extensively used higher order modulations to provide higher throughput packet services. It was shown through measurements of networks over 5 continents [6], that the available signal quality in the networks is in most areas sufficient to support good performance with higher order modulations, such as 16-QAM and 32-QAM. This is true both for urban and rural environments. This signal quality can also be utilized transmit more than 2 speech users over a single physical channel.
2 Concept Description

For the downlink channel, several speech channels can be transmitted simultaneously over a single physical channel. Each channel can be separately encoded. In the case that AMR speech encoding is being used, this allows for independent selection of codec mode for each user.

A diagram showing the concept is shown in Figure 1.
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Figure 1: Higher Order Modulation for MUROS
2.1 Codec Mode

It is anticipated that, if each speech user is independently channel encoded, the codec mode for each user can be separately selected.
2.2 SACCH Signaling Channels

The performance of the SACCH signaling channel should be aligned with the performance of the speech channels that it supports. With the channel coding of the SACCH channel, can be supported over modulations of similar order to those supporting the speech channels. Repeated SACCH can also be supported using this principle.
2.3 FACCH Signaling Channels

The performance of the FACCH signaling channel should be aligned with the performance of the speech channels that it supports. With the channel coding of the FACCH channel, can be supported over modulations of similar order to those supporting the speech channels. If each speech user is independently encoded, then the bits relating to that user can be replaced by a FACCH block , without impacting the other users.

Repeated FACCH can also be supported using this principle.

The process of handover would be expected to be handled using these FACCH channels. However, in case of sudden substantial changes in signal conditions, a method could be considered that allows momentary use of a robust signaling channel to perform handover to avoid dropped calls. This could be done by dropping back to GMSK modulation for particular control messages in bad conditions.
2.4 Power Control

Some measure of power control differential between the users supported within the constellation is desirable, in addition to that for the complete constellation. This could be achieved by appropriate mapping of users’ bits into the constellation.
For modulations such as 16-QAM, some bits of the modulation constellation have better performance than other bits (stronger v weaker bits). In case that a user is desired to have better performance than another, then the 1st user could have encoded bits primarily mapped to strong bits in the constellation, while the other is mapped primarily to weaker bits. In the case that there is no preference, then mapping could be done between strong and weak bits equally for each user.

2.5 Dynamic Channel Allocation

In addition to some internal power control, dynamic channel allocation (DCA), can group the users into sets of users that have similar needs, and allocate these to a common resource. As the signal conditions of each user change, these sets can be updated in order to maximize effectiveness.

2.6 Burst Format Signaling

It is anticipated that, in order to support different formats of speech users over a higher order modulation physical channel, some sort of format signaling will be required.

2.7 DTX Handling

The decision of each user to activate DTX will be independent. In this case, a lower, more robust, modulation could be used according to the number of users instantaneously required.
3 Conclusions

It is desirable to support several speech users over a single physical channel simultaneously.
Network measurements during the GERAN Evolution development showed that excellent signal qualities are available in many parts of the networks, appropriate to the use of higher order modulations, such as 16-QAM.
This contribution has introduced the concept of using higher order modulations for transmitting multiple speech users simultaneously over the same physical resource.
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