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1. Introduction
Power control of VAMOS transmission may cause power imbalance of two voice sub-channels.  Adaptive QPSK (AQPSK) is proposed to accommodate various sub-channel power imbalance ratios (SCPIRs).  One sub-channel of AQPSK is scaled by a factor α=cos(β); while another sub-channel is scaled by sin(β).  The resulting transmitting VAMOS signal will have a unit transmitting power to mitigate PAPR (peak-to-average power ratio).
Other than the power imbalance adaptation, another adaptation scheme on transmit pulse shaping is proposed [1] for VAMOS.  The pulse shaping filter shall be adaptive, depending on the SCPIR; while the overall transmit signal respects the legacy GMSK frequency mask.  The idea is to use a wider pulse for the “weak” VAMOS sub-channel without compromising GSM spectrum.  
This contribution provides more detailed discussion on the idea of pulse adaptation.  A limited number of pulse and alpha combinations are studied in terms of spectrum property, link performance, and PAPR.  It can be shown that pulse and alpha combinations will provide improved link performance, with minimal impact on adjacent channel interference.  Preliminary results indicate that the pulse adaptation scheme with alpha adaptation is suitable for VAMOS downlink.

2. Selection of Adaptive Pulse Shaping Filters
The RRC (root raised cosine) pulse, as used in [1], is a popular choice for transmit pulse.  To support a set of pulses with flexible bandwidth, we shall modify Hanning windowed RRC pulse.  A RRC filter shall be defined as 
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where β is a roll-off factor, and the bandwidth of the filter is B=1/T.  Let Bc=270.833kHz as the GSM sampling rate, and sampling period Tc=1/Bc.  Define B=δBc, and T=Tc/δ.  Apply T=Tc/δ into the equation of p(t) to yield the modified RRC pulse.  Its bandwidth is controlled by the factor δ.  
We shall use a set of δ=0.8, 0.85, and 0.9, for B=216.67kHz, 230.21kHz, and 243.75kHz, respectively.  A Hanning window is applied to a RRC pulse to limit its time duration.  The frequency power spectrum of the Hanning windowed RRC filters are shown in Figure 1.  For comparison, the spectrum of LGMSK (linearised GMSK) and the GSM frequency mask are also illustrated.  From this figure, these RRC pulses will exceed the GSM frequency mask, indicating that these pulses shall not be suitable to be the GSM transmit pulse when full transmission power is used.
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Figure 1    Power Spectrum of Hanning Windowed RRC  with δ=0.8, 0.85, and 0.9
3. VAMOS Pulse and Alpha Combinations

In principle a wider transmit pulse than the legacy LGMSK shall provide a better link performance.  When the two VAMOS sub-channels have equal power, it would be risky to use a wider pulse because it may impact the frequency mask, resulting in higher level of adjacent interference.  The increased ACI may have an adverse impact to overall network.  When power imbalance between two VAMOS sub-channels exists, the sub-channel with lower power shall use a wider pulse without impact on the frequency mask.  The wider pulse on the “weak” sub-channel will usually provide better link performance, which could be used to compensate the dominate interference from the “strong” sub-channel.  This is the idea for VAMOS pulse adaptation in [1].
The power imbalance of two VAMOS sub-channels is due to the power control.  The power control idea is to minimize the transmitting power to mitigate overall interference level.  When the power imbalance exists, this usually indicates that one sub-channel has better reception than the other one.  The “weak” sub-channel needs a higher SNR or C/I to perform.  If the “weak” channel has a wider transmit pulse, which could provide a better link performance, the required transmit power for the “weak” channel shall be less than the case with the legacy pulse.  The overall transmit power is reduced.  
It shall be noted that the transmit pulse is tightly related with the power imbalance.  In theory it is possible to have a large number of alpha values and transmit pulses to provide a fine granularity for power control.  The choices of alpha values shall be limited for simplification, as investigated in [2][3].  In this contribution, we investigate four configurations of alpha and pulse combinations, as listed in Table 1, to support SCPIR=0dB, 2dB, 5dB, and 10dB.  It is still an open question on whether these four configurations are adequate for VAMOS; the study of these configurations shall provide a good insight on the adaptation design.
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


The Configuration 1, which is used as a reference, is a typical case for SCPIR=0dB.  Configuration 2, 3, or 4 will have a Hanning windowed RRC pulse for the “weak” sub-channel, while its “strong” channel keeps the legacy LGMSK pulse.  The purpose is to maintain the GSM frequency mask.  The power spectrum of transmit VAMOS signal with these configurations are shown in Figure 2.
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Figure 2    Power Spectrum of VAMOS with Pulse Configurations
The power spectrum of combined LGMSK and wide RRC pulse is slightly wider than that of LGMSK.  However, the overall power spectrum is well below the frequency mask, because the wide RRC pulse is only applied to the “weak” channel.  Its impact on the adjacent channel interference shall be under control because of the compliance of the GSM frequency mask.
4. Link Performance

We use simulation to evaluate link performance of various configurations.  It is assumed that the MS has the knowledge of full TSC and transmit pulses when the wide RRC filters are used.  The MS receiver is a VAMOS type-II receiver.  The detailed simulation assumptions are listed in Table 2.
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/AFS 5.9

	Receiver Over Sampling Rate
	4x

	Equalizer
	SAIC/MLSE
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Figure 3    VAMOS DL Co-Channel Interference Performance with AFS/5.9
Figure 3 provides the link performance results under MTS-1 co-channel interference.  Only the performance of the “weak” sub-channel with wider RRC filters and LGMSK are shown.  It is evident that wider RRC filters have a clear gain over the legacy LGMSK pulse.  The gain would be as high as 1dB when SCPIR=-10dB.  The gain is larger for the “weak” channel when the SCPIR is greater.  It indicates that using pulse adaptation can provide link performance gain for the “weak” VAMOS sub-channel.  
5. PAPR Performance

[image: image4.emf]1 1.5 2 2.5 3 3.5 4 4.5 5

10

-3

10

-2

10

-1

10

0

Peak-to-Average Power Ratio (dB)

Pr[PAPR > PAPR0]

VAMOS, Config 1

VAMOS, Config 2

VAMOS, LGMSK, SCPIR=2dB

VAMOS, Config 3

VAMOS, LGMSK, SCPIR=5dB

VAMOS, Config 4

VAMOS, LGMSK, SCPIR=10dB


Figure 4    PAPR Performance
The change of transmit pulse will affect the transmit waveform.  The PAPR (peak-to-average power ratio) shall be addressed for potential performance impact.  Figure 4 illustrates PAPR cumulative distributions for the four configurations, together with the case of LGMSK pulse.  It shows that there are marginal PAPR gains of using RRC pulses (<=0.2dB at 1% PAPR).  This is not quite surprising because the legacy LGMSK was proposed for 8PSK, and it might not be optimal for QPSK transmission.
6. Discussion and Conclusion

In this contribution, we evaluate the proposed pulse adaptation idea of [1] with a set of four RRC pulse and alpha combinations.  With the evaluated Hanning windowed RRC pulses and their corresponding SCPIR, the VAMOS “weak” channel will have a link performance gain, while the overall spectrum still respects the GSM frequency mask.  PAPR is also evaluated to have minimal impact. 
Note that the improved link performance is based on a VAMOS type-II MS receiver.  That is, the receiver shall have the knowledge of both legacy and VAMOS TSC.  We also assume that receiver has knowledge of SCPIR and its corresponding pulses.  Blind detection of SCPIR and pulse might reduce the performance gain.  For DARP phase-I receiver, it is not yet evaluated in this contribution.
The major focus of this contribution is on the impact of the “weak” channel.  The “strong” channel shall also be affected by the applied wide pulse, although its impact is not as significant as the impact on the “weak” channel.
Another potential pulse adaptation might be the adaptation of the “strong” channel pulse, where narrow pulse shall be used to manage combined CCI and ACI, as suggested in [1].  In theory this idea might work, however, the gain is not quite clear compared to the evaluated scheme in this contribution, which uses pulse adaptation for “weak” channel only.
In summary, through our preliminary investigation, it is evident that pulse adaptation with alpha adaptation for VAMOS AQPSK will provide link performance gain with minimal spectrum impact, when a VAMOS type-II receiver is used.  Without relaxing the GSM spectrum mask, wider pulses can be used in VAMOS to provide link performance gain.  Although there are still many open questions, the pulse adaptation scheme is likely to provide extra performance improvement for the adaptive QPSK of VAMOS.
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