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Adaptive Constellation Rotation for MUROS
1 Introduction
A study item named MUROS (Multiple User Reusing One Slot) ‎[1] was agreed at GERAN #36. 

There are several possible technical realizations of MUROS. In one MUROS solution ‎[2], a QPSK modulation is used in the DL (downlink). The two user signals are mapped to the real and imaginary parts of the baseband signal. These are called the I and Q sub-channels, and under some conditions they are orthogonal, and therefore named OSC (Orthogonal Sub-Channels). In ‎[3] it is proposed to use a variant of OSC based on hybrid quaternary modulation in the DL dubbed 
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-QPSK modulation. 
Since compatibility with legacy mobiles is desired, it has been proposed to rotate the QPSK (or 
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-QPSK) by 
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. However, this rotation angle is not optimum in terms of PAR for these symbol constellations.

In this contribution it is proposed to adapt the rotation angle to the capabilities of the MS receivers. The penetration of MUROS MSs will increase with time. Eventually two MUROS mobiles will be assigned to two orthogonal sub-channels. In this case, there’s no need to continue using the sub-optimal rotation angle. For example, if QPSK modulation is used, then rotation by 
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will result in lower PAR and will eliminate zero crossings. The figures below illustrate this fact. The unit circle is depicted in red and the baseband signal in blue.
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Figure 1 Example baseband signal. Ordinary QPSK. 
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 rotation. Linearized GMSK Tx pulse.

[image: image7.png]Baseband signal, w4 rotation, u=1.0





Figure 2 Example baseband signal. Ordinary QPSK. 
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 rotation. Linearized GMSK Tx pulse.
On the receiver side, it is proposed that all MUROS mobiles implement blind detection of modulation. It is known from previous studies that blind detection of modulation can be accomplished with virtually no performance loss and with low complexity. Typical power amplifiers are peak limited, which for a signal with high PAR requires additional power backoff. Hence, as the PAR increases, the coverage of the BTS decreases. Thus, as time passes and the MUROS mobiles become majority, the coverage of the BTS increases.
2 Concept Description

The modulation introduced in ‎[3] (for the downlink) employs a time varying signal constellation parameterized by a real-valued parameter
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. It is called 
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-QPSK. It consists of four complex valued symbols (see Table 1 below). The value of 
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determines how the total signal power is distributed between the real and imaginary parts of the complex-valued baseband signal.  
	
[image: image12.wmf]2

1

2

2

1

2

a

a

-

+

j



	
[image: image13.wmf]2

1

2

2

1

2

a

a

-

-

j



	
[image: image14.wmf]2

1

2

2

1

2

a

a

-

+

-

j



	
[image: image15.wmf]2

1

2

2

1

2

a

a

-

-

-

j




Table 1 
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-QPSK signal constellation

For every value of 
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a rotation angle 
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 that yields low PAR is chosen. If there is a legacy mobile in at least one of the sub-channels then the BTS modulator rotates the signal by 
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. However, if there are two 
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-QPSK-aware MS’s in the two sub-channels, then the BTS modulator rotates the signal by 
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. On the receiver side, the MS performs blind detection of the rotation angle, among a predetermined set of rotation angles. From EGPRS it is known that blind detection of rotation is possible with negligible performance loss and low computational complexity.

The following example illustrates the idea. Two thresholds 
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 are chosen. Let MS1 and MS2 be the MS’s served on the two orthogonal sub-channels. The rotation angle is defined as follows.
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The modulator is shown in Figure 3.
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Figure 3 Modulator

The 
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-QPSK-aware MS’s must detect blindly the rotation 
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Note that the PAR reduction technique described above can be used together with any of the MUROS proposals ‎[2]

 REF _Ref188778890 \r \h 
‎[3] or ‎[4]. 

In the case of ordinary QPSK modulation, a reduction in PAR of 0.7 dB can be expected (for the linearized GMSK TX pulse) ‎[2].  
3 Conclusions
It is proposed to include adaptive constellation rotation in the MUROS concept as a means to increase coverage in the downlink. The cost of adaptive rotation angle in both the transmitter and receiver side is minimal. Moreover, non-negligible gains in sensitivity are obtained. In addition, by eliminating zero crossings, a lower EVM can be expected. This in turn may lead to increased performance.
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