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1
Introduction

This document presents a case analysis of three different types of MUROS modulation schemes for DL signals and their spectrums. They are

1. Linear sum of two GMSK signals (90 degree phase separation),
2. QPSK with liner Gaussian filter, and 

3. QPSK with RRC (roll off 0.3) filter.

Link level simulation results using linear sum two GMSK signals for DARP based MUROS solution (co-TCH) are also presented.  
2
Speech Capacity Enhancement using DARP

2.1 Concept Description
DARP was specified to provide improved reception on the mobile station side when there is ACI or CCI. However, with good downlink signal quality there is little benefit from DARP. This concept uses this fact to enhance speech capacity. 
DARP can work quite successfully with CCI of 0dB. Therefore the network can assign the same physical resources to two mobile stations but allocating them different training sequence codes as depicted in Figure 1. Each mobile will receive its own signal (shown in black in the figure) and that intended for the other co-TCH user (shown in red in the figure). 
On the downlink, each mobile station will consider the signal intended for the other mobile station as a CCI. The receiving mobile station does not need to support any other enhancements than DARP. For optimum DARP performance, the two signals intended for the two different mobile stations should ideally be phase shifted by π/2 for their channel impulse response but less than this will also provide adequate performance. 

On the uplink each mobile station would use a different training sequence code. The network may use techniques such as joint detection to separate the two users on the uplink.
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Figure 1 Channel assignment for co-TCH operation
The above scheme is applicable to OSC signals (QPSK or alpha-QPSK) MUROS signals.                  

2.2 Downlink signal modulation schemes

DARP based co-TCH proposal is based on combining two base-band signals [3], although RF combining also works for feasibility demo [2]. 

For future MUROS deployment one way of generating the DL signal is to linearly combine the two GMSK baseband modulated signals and then feed into the RF modulator and power amplifier for transmission.
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Figure 2 Linear baseband combining for co-TCH

The DARP based co-TCH MUROS method also works with QPSK as well as GMSK modulation schemes.
2.2.1 Equal power level between two desired users

When two DARP phones with similar path loss are paired as MUROS callers, the power level provided to them should be the same. 
The I-Q plots for the three modulations schemes are shown in Figure 2.
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Figure 2 Baseband IQ plots for three MUROS DL modulation schemes 
It can be seen that two GMSK linear combination and QPSK with Linear Gaussian filter have very similar I-Q plots. 
2.2.2 Spectrum analysis

The spectrum analysis of the above three MUROS DL schemes are shown in Figure 3. Some difference is observed when compared with reference [4] and need further clarification. 
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Figure 3 Spectrum analysis for three MUROS DL signal modulation schemes 
The plots in Figure 3 show:

1. QPSK with RRC filter (roll off 0.3) spectrum is 10 dB higher than the GMSK spectrum between 140-200 kHz, which could have advert effect for capacity enhancement. It is also wider than the spec defined GMSK mask for useful part of the burst, and will increase ACI interference.

2. The linear combination of two GMSK signals has the same spectrum (curve overlapping) as normal GMSK signals as expected. It is within the spec defined GMSK mask for useful part of the burst.

3. QPSK with Linear Gaussian filter (8PSK pulse shaping) is similar to GMSK.
Based on these observations, it is proposed that two GMSK linear combination and QPSK with Linear Gaussian filter should be the candidates for MUROS DL modulation scheme.

2.2.3 Different power levels between two desired users
It has been found that when the two desired signal have different RF strengths, non-zero crossing can be achieved. For example, linear combination of two GMSK signals with different separation angles the IQ plots are as shown in Figure 4. 
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Figure 4 I-Q plots for linear combination of two GMSK signals with different phase separation and 3dB power difference between the two MUROS signals
This could be very useful for pairing a high performance DARP phone with a non-DARP phone.

We propose to use 90 degrees phase separation as simulation showed that this achieves the best performance for two MUROS users.
2.3 Performance Characterization with Two GMSK linear combination
2.3.1 Link Level Performance

2.3.1.1 Sensitivity Performance
Sensitivity performance of two equal-powered MUROS co-TCH users on AHS5.9 has been simulated and shown the following figures. The simulations are for synchronous networks and for asynchronous networks it is FFS.
Table 1 Simulation assumptions for sensitivity scenario

	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	Static

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	AWGN

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20,000
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Figure 5 Sensitivity performance for co-TCH
It is clear that MUROS mode has 5 dB degradation compared to single user (conventional) mode. This is due to

1. The total power level of two co-TCH user is 3 dB higher than the actual desired signal to each of the two.

2. DARP does not deal with AWGN in general.
This also shows that MUROS mode needs 9 dB margins for AWGN (sensitivity) case.  For equal RF power co-TCH UE (0 dB ratio), 9 dB EbNo is needed for both, which is reasonable requirement for live network. 
2.3.1.2 Adjacent Interference Performance

The simulation results shown below are reflecting a DARP phone ACI performance. The carrier is the total RF power levels of the two desired users as required in MUROS studies.
It can be seen that MUROS call can sustain -7dB ACI. TU3 is marginally worse (0.1 dB) than TU50 due to lack of diversity introduced by high speed as expected.
Table 2 Simulation assumptions for ACI only scenario
	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	AHS5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	ACI (GMSK)

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20, 000
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Figure 6 Link level performance for a single ACI only; TU3 and AHS 5.9
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Figure 7 Link level performance for a single ACI only; TU50 and AHS 5.9
2.3.1.3 Co-channel Interference Performance

With AHS5.9 of equal RF power levels, four callers can be on one MUROS TCH. They are the same kind of DARP phones that are cable of cancelling out the co-TCH user’s signal. Suppose they have the same performance and we present just one of the four MUROS callers.
The simulation results shown below are reflecting a DARP phone CCI performance. The carrier is the total RF power levels of the two desired users as required in MUROS studies.
Table 3 Simulation assumptions for MTS-1 scenario

	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	FS, AFS 12.2, AHS 5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-1

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20,000
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Figure 8 Link level performance for MTS-1 test scenario, TU3 and AHS5.9
Table 4 Simulation assumptions for MTS-2 scenario
	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	FS, AFS 12.2, AHS 5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-2 (GMSK)

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20, 000
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Figure 9 Link level performance for MTS-2 for different speech codecs
Table 5 Simulation assumptions for MTS-3 scenario
	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	FS, AFS 12.2, AHS 5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-3 (GMSK)

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20, 000
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Figure 10 Link level performance for MTS-3 with different speech codecs
Table 6 Simulation assumptions for MTS-4 scenario
	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	FS, AFS 12.2, AHS 5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-4 (GMSK)

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20, 000
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Figure 11 Link level performance for MTS-4 for different codecs
The above results show that 
1. DARP phone when used in MUROS mode need reasonable RF conditions. 

2. MUROS is particularly sensitive to ACI and CCI, as its capability has been committed to the co-TCH user. 
3. When there is strong interference then MUROS mode should be off and DARP capability used to cancel external interference. 
4. The results also showed that it is important to limit ACI and keep the spectrum as narrow as possible.
3
Proposal
Two GMSK linear combine and QPSK with 8PSK pulse shaping used for EDGE are similar and keep the spectrum unchanged. They should be the candidate for MUROS DL signal modulation.
MUROS operation needs a few dB margin when compared with current GSM spec points. It is necessary for MUROS operation to work under comparatively better RF condition than normal operation (one caller on one slot) as expected. When the condition of the RF channel become less favorable to MUROS, network should switch the DARP phone back to its normal operation in which the DARP capability can be used for cancelling interference from other cells, as it was intended originally. 
Together with the originally intended DARP application, MUROS mode will make better use of DARP capability and enhance the capacity by 100% without changing the traditional frequency planning. Network system level study will be necessary to give in-depth indication of capacity gain under various conditions.
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