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Discrete alphas for AQPSK
1 Introduction
In the study of MUROS, different power control concepts using quaternary modulations were studied. The candidate technique chosen for the work item phase - Adaptive Symbol Constellation - introduced α-QPSK (alternatively named Adaptive-QPSK, AQPSK) modulation which provides an unlimited range of power control between the two sub-channels.

When specifying the use of alpha one can consider two options:

1) Restricting the use of alpha to a pre-defined alphabet

2) Having no restriction on the use of alpha in the base station

The first option will have the advantage of possibly improving the MS performance since a certain set of alphas can be assumed. However, the use of alpha will in this case be limited to the pre-defined values possibly giving sub-optimal system performance.

The second option enables for a wider use of alpha, possibly making it more future proof, with a possible drawback on MS performance since no assumption can be made regarding the used alpha in the base station.

Whether option 1 or 2 is chosen for the specifications it is important to determine the range of alphas typically used to be covered by test cases for both VAMOS I and VAMOS II MSs.

In this contribution 

· A set of discrete alpha values from the α-QPSK constellation are proposed.

· The performance impact on a SAM receiver, see [1], by using option 1 or 2 above is investigated on link level

· A discussion on complexity of alpha estimation is provided

· Discussions and system results on the operative range of the different MSs present in a VAMOS system are provided.

This contribution is an updated version of a contribution sent to agenda item 6.4 in VAMOS teleconference #3. All updates are highlighted in red text.

2 MS support levels of VAMOS

There will be two MS support levels of VAMOS. In this contribution they are referred to as VAMOS I and VAMOS II MSs. VAMOS I will have similar receive architecture to a DARP Phase I MS while the VAMOS II mobile will have a more advanced architecture, utilizing knowledge of both sub channels.

The Sub Channel Power Imbalance Ratios (SCPIRs) at which current DARP Phase I architectures may operate have been investigated in [2]. It was seen that the feasible SCPIR was quite dependent on the specific MS architecture. However, the operative range of a VAMOS I MS receiver can be roughly estimated.

Two different receiver architectures for the VAMOS II MS have been presented in GERAN, S-MIC, see [3], and SAM, see [1]. Both receiver types have shown superior performance, compared to VAMOS I MS, when being the weaker sub channel, with operating range up to 20 dB in SCPIR for the SAM receiver.
3 Discrete alphas

How well the DL power control can be utilized in a VAMOS system will depend on both the number of alphas possible to use, and the SCPIRs ranges covered by the alphas.

Low SCPIRs are important in order to support SAIC MSs (VAMOS I) on the weaker sub channel, while larger SCPIR values can be used for VAMOS II MSs allocated on the weaker subchannel. It is seen as important to support quite high SCPIRs for VAMOS II MSs in order to support legacy non-DARP implementations.
The set of alphas considered with corresponding SCPIR are listed in Table 1.

	Table 1. Discrete alphas evaluated

α
	Linear subchannel ratio
	SCPIR [dB]

	1.39
	5/1
	14.0

	1.37
	4/1
	12.0

	1.34
	3/1
	9.5

	1.31
	cos((/8)/sin((/8)
	7.7

	1.26
	2/1
	6.0

	1.21
	5/3
	4.4

	1.18
	3/2
	3.5

	1.11
	100.1
	2.0

	1.00
	1/1
	0.0


The chosen SCPIRs have been based on quaternary constellation points from 8PSK, 16QAM and 32QAM modulation i.e. re-using modulations already used in EGPRS2.  It should be noted that only quaternary constellation points from the above mentioned modulations are used, i.e. not the full modulation. One additional 2 dB point, apart from the ones from the EGPRS2 modulations, has been added to cover imbalance ratios lower than 3.5 dB.

Thus, SCPIRs of up to 14 dB are included in the proposed alphabet.
In Figure 1 a rough estimate of the operating range for legacy non-SAIC, VAMOS I and VAMOS II mobiles is shown. 
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Figure 1. Discrete alpha values with operating ranges for legacy non-SAIC, VAMOS I and VAMOS II MSs.

It can be seen that roughly 4 negative SCPIRs (dotted lines) are used for VAMOS I MSs with an additional 4 SCPIRs added for the VAMOS II MS types. Worth noting is that a legacy non-SAIC MS requires positive SCPIR (dashed lines) in which case a VAMOS II MS enables a wider operating range when paired with a legacy non-SAIC MS.
3.1 Alphas operated in a VAMOS system

To get an understanding of the SCPIRs used in a VAMOS system, the SCPIRs have been logged from a system simulation where both non-SAIC, VAMOS I (SAIC) and VAMOS II (SAM) MSs are present. The codec used is AHS5.9 and the frequency re-use 3/9 (MUROS-2).
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Figure 2. SCPIR distribution from system simulation.
The base station has been restricted to the alpha values in Table 1. It can be seen that the SAIC MSs are allocated on VAMOS channels using SCPIRs with, at the most, -6 dB in SCPIR while the VAMOS II MSs operate on a wider SCPIR range up to -12 dB. Thus, in this scenario the alphabet used is sufficient to cover all ranges of SCPIR. A more extensive evaluation using e.g. other codecs are left FFS.
4 Alpha Estimation

In order to fully exploit the benefit of AQPSK an accurate estimate of alpha is necessary at the MS receiver. To support an accurate and low complexity estimate the quantization of alpha is beneficial, especially as SCPIR grows negative.

The alpha estimation approach used in this contribution attempts to estimate alpha as the value that minimizes the cost function:


[image: image3.wmf]2

´

)

(

ˆ

)

(

a

a

s

h

r

J

×

-

=

























(1)
Where 
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 the transmitted training sequence. The estimation is performed on burst by burst basis and the complexity is on average comparable with the complexity required to blindly detect the modulation in EGPRS2.
In the simulations the performance of the SAM receiver is evaluated for three differently sized alphabets, see Table 2, in order to establish impact on MS performance from different number of discrete alphas to choose from. The complexity of the estimation algorithm is independent of the size of the alphabet. As comparison, the performance when alpha is allowed to take any value was simulated. Simulated performance when alpha is known at the MS receiver is presented as reference. 
Table 2. Evaluated alphabets.

	Alphabet A

SCPIR [dB]
	Alphabet B

SCPIR [dB]
	Alphabet C

SCPIR [dB]

	14.0
	14.0
	14.0

	12.0
	-
	-

	9.5
	9.5
	-

	7.7
	-
	-

	6.0
	6.0
	6.0

	4.4
	-
	-

	3.5
	3.5
	-

	2.0
	-
	-

	0.0
	0.0
	0.0


Note that the alphabet of Table 1 matches Alphabet A.

5 Simulation Assumptions
Simulations were performed with an AQPSK modulated carrier utilizing different alphas selected from one of the alphabets in Table 2. When the paired sub-channel is in DTX the wanted sub-channel will utilize GMSK modulation which must be detected by the alpha estimator. This case was simulated using a GMSK modulated carrier.
Table 3. Simulation assumptions.

	Parameter
	Value

	Speech codec
	TCH/AFS5.90, TCH/AHS5.90

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Scenario
	Sensitivity limited

	Rotation
	PI/2

	Blind Rotation Detection
	Off

	Antenna diversity
	No

	Receiver type
	SAM

	Tx / Rx Impairments:
	None

	Alpha alphabeth
	Alpha was restricted to alphabet A, B or C. (see Table 2) or could take any value.

	Studied alpha
	√2, 1.26, 1.18, 1, 0.78, 0.63, 0.34,  0.28 corresponding to SCPIR ∞, 6.0, 3.5, 0, -3.5, -6.0, -12.0 and -14.0 dB.

	Simulation length
	20 000 frames


Note that the results depicted in chapter 6 are based on an early stage prototype of the SAM receiver and are only intended to illustrate that alpha estimation is feasible, on burst basis, with low complexity and acceptable degradation, both for AFS5.90 and AHS5.90. 
6 Performance Plots
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Figure 3. SAM receiver, sensitivity limited scenario, speech codec AHS5.90. The resolution on the Es/N0 axis equals 2dB per tick.
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Figure 4. SAM receiver, sensitivity limited scenario, speech codec AFS5.90. The resolution on the Es/N0 axis equals 2dB per tick.
7 Discussion
The performance impact on a SAM receiver has been evaluated using either no assumption on alpha or using a finite set of discrete alphas, covering a pre-determined SCPIR range. 

The SCPIRs have been chosen to ensure a wide operating range to support pairing of different MS types.

From the performance plots in chapter 6 it can be seen that only small degradations is to be expected when a discrete alpha alphabet is used. When utilizing the discrete alphabets the degradation is always kept below 0.3dB for AFS5.90 and 0.2dB for AHS5.90. No significant increase in the degradation can be seen when increasing the size of the alphabet, which is positive since the power control benefits from a large alphabet with high granularity. In the important case when the carrier is GMSK modulated the degradation is below 0.2dB for both speech codec’s.

The degradation observed when allowing alpha to take on any value is comparable with the degradation observed when alpha is restricted to one of the alphabets A, B or C. At large negative SCPIR values the degradation however increases when alpha can take on any value. This can especially be seen for SCPIR -12.0 and -14.0 dB. 

The presented results show that low complexity alpha estimation with good performance is feasible in the MS receiver. Depending on the SCPIRs operated by the MS it might be beneficial to adopt a discrete set of alphas, especially at high negative SCPIRs.
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