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Sharper – ACI reduction with linear modulation
1. Introduction
The mitigation of interference in current GSM/EDGE networks has been raised as a key issue at GERAN#53 [1], seen for voice and data services, and corresponding work on this topic was requested. High interference levels were reported both on DL and UL, which were seen as cause for insufficient system performance. 

On the side mitigation of adjacent channel interference had been among key interests of cellular radio interfaces since the beginning. This paper introduces a GMSK compatible linear π/2-BPSK modulation and spectrally sharpened pulse shaping filter, with reduced ACI, named Sharper, aiming to replace the current GMSK modulation in downlink and is also applicable to existing MS types. 
This contribution provides a concept description for Sharper in section 2. In section 3 performance results are depicted and section 4 discusses implementation aspects for BTS and MS. 

2. CONCEPT Description 
2.1 π/2-BPSK modulation

It can be proven with a superposition principle, that π/2 rotated BPSK signal is composed of two quadrature components, alternating in I- or Q-axis in every second symbol instants. Thus required optimal transmission bandwidth is a half of the symbol rate, i.e., about 135 kHz.
The π/2-BPSK symbols, carrying one antipodal bit each, are continuously rotated with π/2 radians per symbol at symbol rate of 13 MHz / 48 ( 271 kHz before the pulse shaping filtering. The pulse shaping filter used in simulations has bandwidth of 108 kHz and same length of 5 symbols as linearized Gaussian pulse, which are compared in Figure 1 in time domain and in Figure 2 in the frequency domain. Pulse shape was synthesized to meet some common pulse optimization criteria, e.g., ACI, ISI and stop band attenuation and is subject for further optimization. The reduction in ACI measured through 180 kHz wide Gaussian filter was 3.7 dB. 
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Figure 1 Shaping pulses
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Figure 2 Spectrums
2.2 Usage of Sharper

Sharper modulation and pulse shaping is foreseen to be used for all cases instead of GMSK or specificly in adjacent channel interference limited scenarios where major gains are expected. Further investigation is needed on the variety of candidate operational scenarios. 
3. Link performance
This section depicts a first comparison of the link performance for the Sharper and the normal GMSK pulse shape. Link performance was studied for DL.
3.1 Assumptions
· The assumed radio profile is TU3 ideal FH. 

· The MS receiver was modeled as a legacy SAIC receiver.
· A Gaussian pulse shape has been assumed as receiver filter with a 3dB receive bandwidth of 180 kHz. 

· Fixed AMR Full Rate 5.9 codec, used either in full rate channel or in channel in VAMOS mode, was evaluated.
3.2 Sensitivity performance

The sensitivity performance was practically kept intact due to the Sharper pulse as depicted in Figure 3.
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Figure 3 Sensitivity performance
3.3 Multiple interference performance 
A modified DTS-2 scenario, named DTS-2a, as depicted in Table 1, where two adjacent channels were included was used to verify operation in multiple interference limited scenario. 
	Reference Test Scenario
	Interfering Signal
	Interferer relative power level
	TSC
	Interferer Delay range

	DTS-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

-

	DTS-2a
	Co-channel 1

Co-channel 2

Adjacent Left
Adjacent Right
AWGN
	0 dB

-10 dB

3 dB

3 dB
-17 dB
	none 

none

none

none
- 
	 no delay

no delay

no delay

no delay
-


Table 1 DTS-2 Scenario in 45.005 and modified DTS-2a scenario.
Multiple interferer performance was found practically intact due to Sharper as depicted in Figure 4. The reason for applying a symmetric interferer profile and hence a higher share of first adjacent channel interference in this investigation compared to DTS-2 defined by GERAN in [2] a decade ago, is to take into account higher interference levels seen in current networks summing up due to a higher number of interferers in first adjacent and higher order of adjacent channels. 
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Figure 4 Multiple interferer performance for DTS-2a.
3.4 Adjacent Channel interference performance 

A gain in adjacent channel interference due to Sharper of 4.8 dB for legacy full rate channel type and of 2.7 dB for full rate channel in VAMOS mode with wanted signal modulated by GMSK or QPSK, respectively, was evaluated as can be seen in Figure 5 and Figure 6.
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Figure 5 ACI for legacy full rate channel (AFS5.9)
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Figure 6 ACI for VAMOS full rate channel (VAFS5.9)


3.5 Link Performance Summary 

According to above simulations, the new Sharper modulation and pulse shaping scheme produces substantially lower adjacent channel interference levels compared to GMSK, whilst other link performance characteristics seem to be practically kept intact. 

4. System IMPACT
Increase in spectral efficiency is expected in scenarios where adjacent channel interference is contributing to the sum interference seen by the receiver. In the case of a SAIC receiver the contribution in the residual interference, excluding the power of the dominant interferer, may be the key point of interest, where Sharper is providing better conditions for SAIC algorithm against dominant interferer.
4.1 Contribution of adjacent channel interference to overall interference
The interference statistics in the former SAIC feasibility study [2] was taken initially as a basis to determine the amount of adjacent channel interference. With an assumed average ACI gain of 3.7 dB (see section 2.1), the gain of Sharper to Dominant Interference Ratio is counted from Table 5-1 in [2] for different network scenarios as depicted in Table 2. 
	Network Scenario 
	Configuration 1
	Configuration 2
	Configuration 3
	Configuration 4

	Frequency (MHz)
	900
	1900
	900
	900

	Bandwidth (MHz)
	7.8
	1.2
	2.4
	7.2

	Re-use
	4/12 (BCCH) 
3/9 (TCH)
	1/1 (TCH)
	1/1 (TCH)
	1/3 (TCH)

	Hopping
	Baseband
	Random RF
	Random RF
	Random RF

	DIR with GMSK (dB)
	8.2
	2.6
	0.2
	7.2

	DIR with Sharper (dB)
	8.9
	2.9
	0.4
	7.7

	Gain in DIR (dB)
	0.7
	0.3
	0.2
	0.5


            Table 2 DIR gains for Sharper compared to GMSK derived from [2]. 
The highest gain for ACI contribution was found from Configuration 1. In Figure 7, interference proifiles for Configuration 3 with 25% effective frequency load indicates several dBs contribution by adjacent channel interference. 
	[image: image7.emf]
Figure 7 Burst level CIR CDFs for 25% FL w/ and w/o adj. channel interference [3]
  


5. Implementation aspects

5.1  BTS
The impact on the transmitter side is due to modulation and pulse shaping. The π/2-BPSK modulation is a subset of AQPSK. No further requirements for the modulator need to be satisfied. The optimisation of the transmit pulse shaping filter has recently been discussed in regard to WIDER [4] and MUROS [5] and is under discussion for VAMOS. Sharper is expected to be even less demanding for implementation, since the adjacent channel power is reduced.  
5.2  MS
MS receivers typically consider GMSK already as a linear modulation and have receiver filters matched according to the received interference. Thus only a minor impact or no impact on legacy handsets is expected. Nonetheless handsets could benefit from the knowledge of the Sharper pulse shape. This is FFS. 
6. COnclusions
This paper presented a reasonable candidate concept for improving the spectral efficiency with a new a modulation type, called Sharper, for reducing adjacent channel interference, which is also applicable to existing handsets. 
Sensitivity and multiple interference performance were investigated. Initial findings indicate that both link performance characteristics seem to be kept intact, but adjacent channel performance of a similar scenario than DTS-2  gained by 2.7 for AQPSK (channel in VAMOS full rate mode) or 4.8 dB for π/2-BPSK (channel in legacy full rate mode), respectively. 
It is therefore proposed that the introduced Sharper modulation and pulse shaping scheme be further studied in 3GPP GERAN for creating solutions to the interference reduction in current networks as raised in [1]. 
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