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Working assumptions for MUROS
1 Introduction

At GERAN#36 a study item for Multi User Reusing One Slot, MUROS, was started. MUROS is expected to increase the capacity of existing networks by multiplexing two, or more, users on the same time slot using the same speech channels as used today.
Working assumptions, for the simulation evaluation of MUROS, have been discussed both at GERAN#37 in an offline session, see ‎[1], and in a telephone conference, see ‎[2].
Given the current proposed working assumptions, there is a considerable amount of work that needs to be done both on link level and system level to fully evaluate the candidate techniques. This document proposes a reduction of the scenarios to be investigated in the study item. 
The changes are believed to have minimal impact to the relevant output of the study.
The document is an update of AHG1-080021. The changes are highlighted in red and include link level simulations to support the discussions on reduction of link level scenarios and interferer modulations to be investigated.
2 Link Level Working Assumptions
2.1 Link Level Scenarios

During the offline discussions at GERAN#37 it was discussed to use 4 different interference scenarios (MTS-1–4), see ‎[1], based on interference scenarios used in the SAIC feasibility study. The different interference scenarios are reproduced in the table below:

	Reference Test Scenario
	Interfering Signal
	Interferer relative power level
	TSC
	Interferer Delay range

	MTS-1
	Co-channel 1
	0 dB
	none
	no delay

	MTS-2
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB

-10 dB

3 dB

-17 dB
	none 

none

none

-
	 no delay

no delay

no delay

-

	MTS-3
	Co-channel 1
	0 dB *)
	none
	74 symbols

	MTS-4
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB *)
-10 dB

3 dB

-17 dB
	none 

none

none

-
	74 symbols

no delay

no delay

-

	*) The power of the delayed interferer burst, averaged over the active part of the wanted signal burst. The power of the delayed interferer burst, averaged over the active part of the delayed interferer burst is 3 dB higher


MTS-1 and MTS-3 includes one single co-channel interferer while MTS-2 and MTS-4 includes co-channel interference, adjacent-channel interference and Gaussian noise. 

Investigating a single co-channel interferer is not expected to give added value to the investigation compared to using a mixed interferer scenario. Using only one interferer could give too optimistic results considering that the study includes looking at SAIC and MUROS receivers that can/will utilize interference suppression.
It is proposed to consider removing MTS-1 and MTS-3 from the link level scenarios to be investigated.

2.2 Interference modulation
It was discussed at GERAN#37 to investigate GMSK, MUROS and 8PSK modulated interference (with the given priority) for the interference scenarios listed in Section ‎2.1. 
GMSK is seen as the most common interferer modulation and thus also of most importance for the study. 
With MUROS being the technique investigated it is necessary also to investigate this modulation. There are current MUROS proposals utilizing different modulations; GMSK, QPSK and 16QAM, and for each respective technique the respective modulation should be investigated.
Although 8PSK modulated signals are expected to be present in a network utilizing MUROS, by the use of EGPRS(/EGPRS2), it is not expected to give additional relevance to the investigation if also this modulation is included in the investigation. If all modulations possible to be present in the networks were to be investigated, also EGPRS2 modulations should be part of the study, but also for these modulations they are not expected to give added value to the output of the study. 

It is proposed to consider excluding 8PSK as interference from the link level simulations.
2.3 Simulation results
Simulations have been performed on a TU3iFH channel, using a QPSK-MUROS signal as carrier, simulating with different interferer types and interferer modulations. A legacy SAIC receiver implementation has been used for the evaluation. Both modulations of EGPRS and EGPRS2 have been included in the simulations. Even 64QAM modulation has been simulated..
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Figure 1. Link simulation performance of QPSK modulated MUROS signal using different interferer modulations and interferer types.
MTS-1 (CO)
It can be seen that the performance of MUROS seems to be largely dependent on whether the interferer is GMSK or non-GMSK. For GMSK interference there is approximately a gain of ~4.5-5 dB @ 1 % FER compared to using any linear modulation. Thus the SAIC receiver seems to be able to suppress both the second sub channel and the GMSK interferer from the external co-channel interferer.

MTS-2
Similar performance differences, as for MTS-1, are seen for the case of multiple interferers using MTS-2. The best performance is seen with GMSK modulation with a gain of approximately 1 dB @ 1 % FER compared to using linear modulation. Also in this case, the performance for all linear modulated interference signals is almost identical.
NOTE: MTS-1 and MTS-2 are expected to have very similar performance for a SAIC receiver if the interfering modulation is non-GMSK. However, in the figure above there is a constant difference of approximately 1.5 dB between MTS-1 and MTS-2. The reason is the definition of C/I in the simulator which defines C/I in the air using a fixed suppression of 18 dB for an adjacent channel interferer. A 240 kHz receiver filter has been used in the simulations, thus more signal energy is received outside of the carrier for the MTS-2 case compared to the MTS-1 case due to Gaussian noise and adjacent interference, which results in a different experienced C/I in the receiver for MTS-1 and MTS-2.
2.4 Link-2-system interface
A discussion on link-2-system interface is provided in ‎[3].
3 System level working assumptions
3.1 Channel rate adaptation

At the first telephone conference on RED HOT and HUGE it was discussed whether to include channel rate adaptaion in the system level simulations. There were different views on the matter. 
If rate adaptation is to be used in system simulations it needs to be specified in detail in order for different companies to compare simulation results. Currently there is no available rate adaptation specified, and different vendors use different algorithms utilizing different specified measures (e.g. RX_QUAL, RX_LEV,…). To align on a common view on rate adaptation and agree on a common algorithm is expected to need some iterations in GERAN before an agreement can be reached.
In Table 1 the rate adaptaion proposed for the telephone conference is reproduced.

Table 1. Channel rate adaptation.

	Channel Rate Adaptation 
	Channel rates

	Type A0
	AFS 12.2 <-> GSM HR (Reference case)

	Type A1
	AFS 12.2 <-> GSM HR <-> MUROS (GSM HR) 

	Type A2
	AFS 12.2 <-> MUROS (AMR 12.2) <-> MUROS (GSM HR) 

	Type B0
	AFS 5.9 <-> AHS 5.9 (Reference case)

	Type B1
	AFS 5.9 <-> AHS 5.9 <-> MUROS (AHS 5.9) 

	Type B2
	AFS 5.9 <-> MUROS (AFS 5.9) <-> MUROS (AHS 5.9) 


One issue with the proposed rate adaptaion is that different speech codecs are mixed together, e.g. AFS 12.2 and GSM HR (Type A0). One proposed requirement for reaching the capacity limit in the system simulations is FER (<1 % for 95 % of the users), see ‎[1]. But, by using different codecs the same FER will give different experienced quality for the users. 
One aim of the system simulations is to establish an increase in capacity comparing not using MUROS with MUROS,

Network Capacity Gain = 
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In order to compare the different candidate techniques between vendor simulations, it is the capacity gain that should be investigated, not the absolute capacity figures. Allowing for rate adaptation would possibly modify the capacity gain figures, but are not expected to change the conclusion in evaluating different candidate techniques, rather make the comparison between results more difficult.

Based on the above argumentation it is propose for system simulations not to use the channel rate adaptation but only adapt between non-MUROS and MUROS channels. The proposed reduction of Table 1 is shown in Table 2.
Table 2. non-MUROS / MUROS adaption.

	Channel Rate Adaptation 
	Channel rates

	Type A0
	GSM HR (Reference case)

	Type A1
	GSM HR <-> MUROS (GSM HR)

	Type B0
	AFS 12.2 (Reference case)

	Type B1
	AFS 12.2 <-> MUROS (AFS 12.2)

	Type C0
	AFS 5.9 (Reference case)

	Type C1
	AFS 5.9 <-> MUROS (AFHS 5.9)

	Type D0
	AHS 5.9 (Reference case)

	Type D1
	AHS 5.9 <-> MUROS (AHS 5.9)


Adaptation between non-MUROS and MUROS channels is needed and the efficiency of the adaptation will be dependent on the candidate technique investigated. Thus agreeing on a MUROS adaption for all candidate techniques is expected to limit the possible gains by introducing MUROS.
4 Conclusions

In order to make it easier to compare the simulation results for different candidate techniques between different companies and to keep the simulation work on a feasible level some reductions in simulation scenarios and simulation complexity have been proposed. The proposed changes are believed to have minimal impact to the relevance of the output of the study:
Link level

· Remove the single interferer cases (i.e. MTS-1 and MTS-3) from the evaluation which is expected not to give additional value to the evaluation compared to the mixed scenarios. 

· Remove 8PSK as modulation and limit the work to investigating GMSK and MUROS modulation.
· A new method for deriving L2S interface is presented in ‎[3] which will avoid the need of system simulations before deriving the link-2-system interface.

System level

It is proposed to remove any rate adaptation in the system simulations in order to enable for easier comparison of results between different companies and also to avoid a process of specifying thresholds and algorithms for adaptation between the different speech codecs. Adaptation between MUROS and non-MUROS channels is still vital for the study but is expected to be dependent on the candidate technique and should thus be vendor specific.
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