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1. Introduction
GSM signal with a sampling rate of 270.833kHz will need a pulse shaping filter to limit its transmitting bandwidth in a 200kHz channel.  The pulse shaping filter, usually a LGMSK filter, is used to meet the GSM frequency mask for proper adjacent channel protection.
Investigations in EGPRS2 studies indicate that link performance can be improved with a wider transmit pulse filter, particularly when EGPRS2-B uses a sampling rate as high as 320kHz.  A wider transmit pulse will unavoidablely raise adjacent channel interference level.  Care must be taken to balance the potential increased interference and the link performance gain.  
The idea of using a wider transmit pulse has been proposed for VAMOS [2].  Two wide pulses are proposed and both of them will likely exceed the current GSM frequency mask.  In terms of point-to-point link level, these wider pulses provide better performance, at the price of higher adjacent channel interference.  System simulation indicates potential capacity gain of using wide pulse with 100% VAMOS MS penetration [3].  However at the current stage the wide pulse impact to legacy GSM users is unclear.
Alternative approach of using a wide pulse without violating the legacy frequency mask is the adaptive pulse idea [1].  This idea applies a wide transmit pulse to the weak channel of the two VAMOS subchannels, while the overall transmit signal honours the legacy GSM frequency mask.  Compared to the first approach of [2], the adaptive pulse will keep the same adjacent channel protection.  There is no negative impact to the network interference level.  The gain is the improved performance of the weak channel, as shown in [1] and [4].  This approach provides good balance between link performance and network interference level.  
This contribution provides further investigations on the performance of adaptive pulse, as a follow-up of the previous contribution [4].  More simulation results are provided to evaluate link performance gain for the weak channel when a wide pulse shaping filter is applied.
2. Review of Adaptive Pulse Design
The concept of adaptive pulse is to apply two pulse shaping filters for two VAMOS sub-channels, respectively.  When SCPIR=0dB, both filters are the legacy LGMSK filters.  This transmit signal is equivalent to alpha-QPSK with one transmit LGMSK pulse.  When SCPIR is not 0dB, the weak sub-channel uses a wide pulse and the strong sub-channel uses the LGMSK pulse.  The weak sub-channel’s wide pulse can exceed the frequency mask, as long as the overall VAMOS transmit signal honours the mask.
The selection of the weak-subchannel pulse shaping filters depends on the SCPIR.  A discrete set of pulse shaping filters is desirable, provided that the SCPIR values are discrete.  As a follow-up of [4], we briefly summarize a set of proposed Tx pulses and their combinations with alpha values.  Hanning windowed RRC pulses are used.  The RRC pulse can be defined as
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where β is a roll-off factor, and the bandwidth of the filter is B=1/T.  A factor δ is used to control the filter bandwidth B, as B=δBc, and Bc=270.833kHz. A set of δ={0.8, 0.85, 0.9} is applied to generate three pulses, which are used together with SCPIR= 2dB, 5dB, and 10dB for the weak sub-channel.  The combinations of SCPIR and Tx pulses are shown in Table.1 (also in [4]).
Table 1    Alpha and Pulse Combinations

	Configuration
	SCPIR (dB)
	cos(β)
	sin(β)
	Subchannel 1 Tx Filter
	Subchannel 2 Tx Filter

	1
	0dB
	0.707
	0.707
	LGMSK
	LGMSK

	2
	2dB
	0.783
	0.622
	LGMSK
	RRC δ=0.8

	3
	5dB
	0.872
	0.490
	LGMSK
	RRC δ =0.85

	4
	10dB
	0.954
	0.302
	LGMSK
	RRC δ =0.9


3. Link Performance
The link performance of adaptive pulse is simulated with the assumptions listed in Table 2.  Two types of DL VAMOS receivers are evaluated:  DARP phase-I receiver and VAMOS type-I receiver.  The only difference between the two receivers is the knowledge of the VAMOS TSC.
Table 2    Simulation Assumptions

	Parameters
	Values

	Channel Profile
	Typical Urban

	Terminal Speed
	3km/hr

	Frequency Band
	900MHz

	Frequency Hopping
	Ideal

	Interference
	Co-Channel (MTS-1)

	Interference Modulation
	GMSK (with random TSC)

	Direction
	Downlink

	Antenna diversity
	No

	Carrier/Interf time sync
	Ideal

	TSC
	TSC=0 and new MUROS TSC=0

	Channel Coding
	Convolutional Code

	Codec
	TCH/AFS5.9, AFS12.2

	Receiver Over Sampling Rate
	4x

	Equalizer
	SAIC/MLSE


The VAMOS simulation results are shown in Figure 2 and Figure 3 for AFS5.9 and AFS12.2, respectively.  All four pulse adaptation configurations, together with LGMSK/LGMSK of SCPIR=-2dB, -5dB, and -10dB, are illustrates in these figures.  An implementation of the SAIC algorithm is used for both DARP Phase-I and VAMOS type-I receivers; the only difference is the channel estimation part.
From Figure 2 of AFS5.9 codec, the wide RRC pulses used in Config 2, 3, and 4 do provide gain.  The gain is small though for DARP Phase-I receiver, which is less than 0.3dB at 1% FER.  VAMOS type-I receiver has larger gain; the maximum gain for wide pulse is about 0.8dB (Config 4 with SCPIR=-10dB).
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	(a) DARP Phase-I Receiver
	(b) VAMOS type-I Receiver


Figure 2    TCH/AFS5.9 VAMOS Co-channel Performance
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	(a) DARP Phase-I Receiver
	(b) VAMOS type-I Receiver


Figure 3    TCH/AFS12.2 VAMOS Co-channel Performance
Figure 3 shows the results of AFS12.2.  The SAIC receiver has hardly any gain for all configurations (gain<0.3dB).  The VAMOS type-I receiver, on the other hand, provides better gain in Config 3 and Config 4.  The wide pulse gain can be about 0.8dB in the Config 4.  All wide pulse gains for the weak VAMOS sub-channel are summarized in Table 3.
From Table 3, there are several observations.  1) The larger the SCPIR is, the gain of wide pulse is greater.  This is because a wider RRC pulse, which provides better gain, is used for a larger SCPIR value.  2) VAMOS type I receiver achieves better gain than DARP phase-I receiver.  Wide pulse is more effective when a better channel estimation is applied.  3) The wide pulse gain for DARP phase-I receiver is quite marginal for most of cases.  
Table 3   Adaptive Pulse Gains (Difference between wide pulse and LGMSK)
	Codec
	 
	SCPIR
	SAIC (dB)
	VAMOS-I (dB)

	AFS5.9
	Config 2
	-2dB
	0.10
	0.20

	
	Config 3
	-5dB
	0.20
	0.60

	
	Config 4
	-10dB
	0.50
	0.80

	AFS12.2
	Config 2
	-2dB
	<0.10
	0.10

	
	Config 3
	-5dB
	0.10
	0.20

	
	Config 4
	-10dB
	0.40
	0.80


4. Discussion and Conclusion 
This contribution serves as a follow-up of previous one with more performance evaluation on VAMOS pulse adaptation.  
Our investigation indicates that VAMOS weak sub-channel can achieve performance gain when a wide pulse is applied.  The wide pulse gain can be around 0.8dB for VAMOS type-I receiver with SCPIR=-10dB.  Although the gain of using a wide pulse for a DARP phase-I receiver is minimal, a wide pulse shaping filter will benefit VAMOS type-I receiver.  The overall VAMOS transmit signal is designed to honour the legacy GSM frequency mask.  There is no extra adjacent channel interference in this adaptive pulse approach.  
The other approach of using a fixed wide pulse for VAMOS DL suggests that a spectrally wide pulse for VAMOS DL will provide network capacity gain [3].  Compared to the pulse adaptation discussed in this contribution, the wide pulse idea in [2] and [3] will replace the legacy LGMSK transmit pulse with a new designed pulse, regardless of SCPIR levels.  One common point of these two VAMOS DL transmit approaches is that using a wide pulse will achieve better performance for the corresponding channel.  The fixed wide pulse idea [2] uses a wide pulse for both VAMOS sub-channels.  Link performance for the two sub-channels might be improved; however, the spectrally wide pulse will increase adjacent interference level and overall co-channel interference in the network.  On the other hand, the pulse adaptation idea does not have this negative impact because it honours the legacy GSM frequency mask.  In comparison, to minimize network impact and tedious efforts on system level evaluation, the idea of adaptive pulse for VAMOS transmission is a favour choice.
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