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Higher Order Modulation - Comparison with MUROS Objectives
1 Introduction
For the MUROS study item a number of different proposals have been submitted so far, a part of the proposals being included in the MUROS TR [1] at GERAN#39, which now includes four major candidate techniques.
All the candidates are still undergoing technical work in order to show if they have potential to bring a significant improvement in spectral efficiency and HW utilisation as compared with current specifications in Release 7 and beforehand.

Although it is somewhat premature to draw final conclusions now regarding any of the candidates, it is nevertheless instructive to make an assessment of the current status of each proposed candidate. 
This document compares the Higher Order Modulation for MUROS candidate with the performance and compatibility in the TR ‎[1].
This is an updated version of the contribution presented at MUROS Teleconference #7. The updates include the comments received from the other contributors to address their concerns.
2 Comparison with Objectives

The following classification is used for the evaluation:

	
	Fulfilled

	
	Expected to be fulfilled

	
	Unclear/FFS

	
	Not fulfilled


2.1 Performance Objectives

	Evaluation of MUROS Candidate Techniques
	Higher Order Modulation 

	Performance Objectives
	

	P1: Capacity Improvements at the BTS
1) increase voice capacity of GERAN in  order of a factor of two per BTS transceiver
2) channels under interest: TCH/FS, TCH/HS, TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS
	1) Network simulations have not yet been presented to show the available spectral efficiency gain

	
	2) All codecs are supported.

	P2: Capacity Improvements at the air interface
1) enhance the voice capacity of GERAN by means of multiplexing at least two users simultaneously on the same radio resource both in downlink and in uplink
2) channels under interest: TCH/FS, TCH/HS, TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS
	1) Up to 4 users are multiplexed on the same radio resource


	
	2) All codecs are supported.


2.2 Compatibility Objectives

	Evaluation of MUROS Candidate Techniques
	Higher Order Modulation


	Compatibility Objectives
	

	C1: Maintainance of Voice Quality

1) voice quality should not decrease as perceived by the user.
2) A voice quality level better than for GSM HR should be ensured. 
	1) Only users experiencing good enough quality will be allocated on a multiuser channel

	
	2) Minimum FER thresholds have been defined in the TR. Given the same FER level, the voice quality for any of the defined codecs exceeds that for GSM HR.

	C2: Support of Legacy Mobile Stations

1) Support of  legacy MS w/o implementation impact.
2) First priority on support of legacy DARP phase 1 terminals, second priority on support of legacy GMSK terminals not supporting DARP phase 1. 
	1) Legacy, DARP Phase I, mobiles can be supported on the first sub channel by 2-user allocation on a resource.

	
	2) Legacy non DARP Phase I terminals can be supported on the first sub channel by 2-user allocation on a resource.

	C3: Implementation Impacts to new MS's

1) change MS hardware as little as possible.
2) Additional complexity in terms of processing power and memory should be kept to a minimum.
	1) Legacy MSs supporting downlink 16-QAM (Rel-7 EGPRS2) can be multiplexed for up to 4 users on a resource. Legacy MSs supporting downlink 8-PSK can be multiplexed for up to 3 users on a resource. 


	
	2) New multiplexing of users on timeslot data. 
New QPSK training sequences (possible also to use proposed sequences).

QPSK modulation on uplink – this is a subset of 8PSK for EDGE capable MS.

	C4: Implementation Impacts to BSS

1) Change BSS hardware as little as possible and HW upgrades to the BSS should be avoided.
2) Any TRX hardware capable for MUROS shall support legacy non-SAIC mobiles and SAIC mobiles. 
3) Impacts to dimensioning of resources on Abis interface shall be minimised.
	1) Legacy BTS capable of 8PSK downlink modulation allows up to 3 users multiplexed on a resource, using 16QAM. Legacy BTS capable of 16QAM  downlink modulation (already supported on by Rel 7 EDGE2), allows up 4 users multiplexed on a resource.
New QPSK training sequences on uplink.

New multiplexing of users on timeslot data

Demodulation of two simultaneous signals is needed.

	
	2) The concept has no impact on the support of different types of mobiles for the TRX

	
	3) Impact is to reserve a higher number of sub channels on Abis interface and possibly use another packet Abis technology.

	C5: Impacts to Network Planning

1) Impacts to network planning and frequency reuse shall be minimised. 
2) Impacts to legacy MS interfered on downlink by the MUROS candidate technique should be avoided in case of usage of a wider transmit pulse shape on downlink. 
3) Furthermore investigations shall be dedicated into the usage at the band edge, at the edge of an operator’s  band allocation and in country border regions where no frequency coordination are in place.
	1)  No impact on frequency planning or frequency re-use is foreseen. 

	
	2) Impacts on legacy MS reception for optimised TX pulse shape would require further investigation

	
	3) Optimised TX pulse shape is not expected to be used at band edge or at the edge of an operator's allocation.
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