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Alpha estimation for adaptive symbol constellation
1 Introduction
A study item named MUROS (Multiple User Reusing One Slot) ‎[1] was agreed at GERAN #36. The basic idea is to allow two, or more, voice users to share the same channel, i.e. carrier frequency and time slot, both in downlink and in uplink. 

One of the MUROS candidate techniques, called Orthogonal Sub Channels (OSC), utilizes QPSK modulation in the DL to multiplex two users on the same time slot. In the UL, two GMSK modulated signals from two mobile stations are transmitted in the same timeslot and carrier frequency and on the receiver side, multi-user detection or interference cancellation techniques can be used to demodulate the two signals.
At GERAN#36 an extension for OSC was presented, see ‎[2], that employs α-QPSK, a modified QPSK constellation designed to support joint power control between its two sub channels. 
In this report the DL performance of the α-QPSK MUROS concept is investigated. Scenarios where the value of α is signaled to a MS or estimated by an α-QPSK aware MS are presented.
2 Method
There are, at least, two possible ways to let the receiver, i.e. the MS, get information of α, either to signal the value of α or to let the MS estimate it. In this contribution both alternatives are explored. 

At the receiver a two stage estimator providing α estimate at burst and measurement period, i.e. 480ms, level was employed. At the burst level a LS estimation of α was performed. At the second level a smoothed α estimate was calculated during a measurement period. 
In this study, alpha was restricted to the continuous interval 0.28 - 1.39 to achieve a relative power control range of ±14dB between the two sub channels, as depicted in Figure 1. Note that the maximum available dynamic range of the α-QPSK concept is defined by the α interval 0 - √2, providing a relative power control range of ±∞.
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Figure 1. Power ratio between α-QPSK sub channels.
3 Simulation and Results
3.1 Simulation assumptions

The simulation assumptions are summarized in Table 1.
Table 1. Simulation assumptions.

	Parameter
	Value

	Speech codec
	AFR 5.90

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Antenna diversity
	No

	Interference/Noise
	AWGN

	Equalizer
	DFSE

	Tx pulse shape
	Lin GMSK pulse

	Rx filter

· Bandwidth

· RRC rolloff
	RRC1
   240 kHz

   0.3

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -

	Maximum sub channel power control
	±14 dB

	Number of simulated frames
	50 000

	Note 1: The 3 dB bandwidth of the RRC filter.


3.2 Results

In Figure 2 the FER performance of AFS 5.90 is shown for different values of α. At each value three scenarios were studied:
· Alpha signaled to the MS, i.e. exact alpha value known. (blue line)
· Alpha estimated with a LS estimator. (black line)
· Alpha estimated with a LS estimator combined with a smoothing algorithm. (red line)
Only the first sub channel was studied in the simulations. Investigated values of α were selected to make the studied sub-channel both dominant and suppressed, as seen in Table 2.
Table 2. Alpha versus relative sub channel power.
	α
	Power ratio [dB]

	0.4
	-10.6

	0.6
	-6.6

	1.0
	0

	1.2
	4.1
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Figure 2. AFS5.90 with different receiver information of α.
The scenarios where the studied sub-channel is suppressed, i.e. when α <1, show as expected worse performance.
The performance degradation when α is LS estimated and smoothed is below 0.3dB at all investigated FER levels. When smoothing is discarded the performance is further degraded, but the total degradation never exceeds 0.5dB.
The performance degradation for the estimated α compared to signaled α @ 1% FER is shown in Table 3.

Table 3. Performance degradation @ 1% FER.

	α
	1.2
	1
	0.6
	0.4

	LS/Smoothing
	0.2 dB
	0.2 dB
	0.2 dB
	0.2 dB

	LS
	0.3 dB
	0.2 dB
	0.4 dB
	0.4 dB


4 Conclusions

This study has shown that α can be estimated by an α-QPSK aware MS with an expected performance degradation around 0.3dB. This implies that signaling of α is unnecessary when utilizing α-QPSK. It is therefore proposed to include the estimation of α, as briefly described in this contribution, in the MUROS concept as means to avoid unnecessary signaling.

5 Further studies

The ambition of this study was to get a first estimate of the performance degradation when α is estimated and not signaled. 
A QPSK-like receiver has been employed in this contribution. In particular, the value of α is used both for synchronization/channel estimation and demodulation. The performance degradation due to inaccuracies in the estimated of α is expected to be even smaller if a SAIC-type receiver is used. The reason is that such receiver does not rely on the value of α for the trellis search.
In this study α was assumed to have a continuous range from 0.28 - 1.39. In a future study α could be limited to a set of discrete values. This is expected to enhance the accuracy of the α estimator and hence reduce the presented performance degradation. The details of the quantization of α are the subject of a further investigation.
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