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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. 
In this document an adaptive constellation rotation algorithm is presented. The algorithm has the potential to enhance the MUROS carrier Peak to Average Ratio.
The document is an update of document AHG1-080047 presented at the Ad Hoc meeting on EGPRS2/WIDER/MUROS/MCBTS. This updated version presents simulation results to support the proposed adaptive constellation rotation. The performance of a SAIC receiver exposed to the interference of a MUROS carrier utilizing adaptive constellation rotation is also presented.
All changes made to the original document are highlighted in red.
2 Constellation rotation

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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p

. 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.
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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.
3 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.  
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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]. 
4 Simulations
4.1 Blind detection of rotation
As described in Section ‎3, when two 
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-QPSK MUROS mobiles are paired together on orthogonal sub-channels, the transmitting base station can choose constellation rotation depending on the MSs capabilities to enhance the signal Peak to Average Ratio. To illustrate this concept Figure 4 shows the PAR as a function of alpha for MUROS constellations rotated л/2 and л/4 radians.
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Figure 4. MUROS PAR as a function of alpha.
When alpha equals 0.77 and 1.19 the two PAR curves intersect. To minimize the signal PAR a base station would hence adapt its choice of rotation according to the active alpha value:
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In order to benefit from the PAR enhancement the MUROS mobiles must be able to detect the constellation rotation. The simulation results presented in the following sub sections illustrates the ability of a MUROS mobile to do so and simultaneous estimate alpha without deteriorating the receiver performance.
4.1.1 Simulation Assumptions
In Table 2 the simulation assumptions are shown.

Table 2. Simulation assumptions.

	Parameter
	Value

	Speech codec
	TCH/AFS5.90

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Antenna diversity
	No

	Receiver type
	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/   -

	Alpha
	[0.80, 1.0, 1.15]

	Constellation Rotation
	л /2, л /4

	Number of simulated frames
	50000

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


Due to symmetry between the channels it is  sufficient to simulate the behavior of the first sub channel. Alpha values were selected to make the studied sub-channel both dominant and suppressed.
Table 3. Alpha versus relative sub channel power.

	α
	Power ratio [dB]

	0.8
	-3.3

	1.0
	0

	1.15
	2.9


For each alpha value three scenarios were simulated:

· Alpha value and symbol rotation known by the receiver.

· Alpha value estimated while symbol rotation known by the receiver.

· Alpha value estimated and symbol rotation detected by the receiver.
For alpha equal to 1.0 an additional scenario was simulated:

· Alpha value known while symbol rotation detected by the receiver.

In this scenario the 
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-QPSK MUROS constellation will be the regular QPSK constellation. This is of relevance since it investigates if the adaptive constellation rotation concept is applicable when MUROS is based on a pure QPSK constellation.
To be compliant with the MUROS frequency hopping scheme proposed in [6] a new alpha estimation and rotation detection was performed for each received burst. 
4.1.2 Results

In Figure 5 the receiver performance is shown for 
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-QPSK MUROS with a symbol rotation of л/4 and alpha values 0.8, 1 and 1.15. 
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Figure 5. MUROS receiver with/without alpha estimation and rotation detection.
The receiver performance is dependent on the alpha value. The dominant sub-channel is as expected showing better performance than the suppressed sub-channel. The alpha estimation and rotation detection scenarios are showing a performance degradation of approximately 0.2dB or less compared to the scenarios where both alpha and rotation is known. The same is true when compared to the scenarios where alpha is estimated and rotation is known. 

As the degradation due to alpha estimation and rotation detection never exceeds 0.2dB for any of the studied alpha values it will be compensated by the PAR enhancement presented in Figure 4 and Table 4.
Table 4. PAR enhancement for alpha values 1.15, 1.0 and 0.8.
	α
	1.15
	1.0
	0.8

	PAR enhancement
	0.2dB
	0.7dB
	0.1dB


4.2 SAIC Performance

Altering alpha or switching the rotation of the 
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-QPSK MUROS constellation between л/2 and л/4 could deteriorate SAIC mobiles ability to cancel interference caused by MUROS signals. The simulation presented in the next two sub sections investigates the impact on SAIC performance caused by MUROS modulated interferers using a rotation of л/2 or л/4.

The simulations were conducted for both GMSK and α-QPSK modulated carriers with a rotation of л/2.

4.2.1 Simulation assumptions

Table 5 shows the simulation assumptions that have been altered in comparison to Table 2.

Table 5. Simulation assumptions.

	Parameter
	Value

	Speech codec
	TCH/AFS12.2

	Interference
	MTS-1 (CO)

	Receiver type
	Legacy SAIC

	Alpha
	[0.77 0.89 1.19]

	Constellation Rotation
	[л/2 л/4]

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


The α-alpha values and constellation rotations used were chosen from Figure 4. Alpha equal to 0.77 and 1.19 represents the values where the rotation switches from п/2 to п/4. As alpha approaches these values the 
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-QPSK modulation approaches a GMSK constellation. It can be assumed that a SAIC receiver will not be able to suppress the interference of an 
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-QPSK interferer using a rotation different from л/2.

4.2.2 Simulation Results

Figure 6presents the results from the simulation. Both carrier and interferer were either GMSK or α-QPSK modulated. The interferers were rotated л/2 or л/4 while the carrier used a rotation of л/2. It was assumed in the simulation that alpha is known by the receiver.

NOTE: The performance is normalized to 0 dB @ 1 % FER for GMSK carrier and GMSK interferer.
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Figure 6. SAIC performance with different interference when having either GMSK or MUROS carrier.

GMSK carrier

For α = 0.77 there is a difference in performance of 0.4 dB comparing the two rotations. When alpha is increased to 0.89 no performance difference can be seen.

α-QPSK carrier

Two different values of α were used: 0.77 and 1.19. The degradation in performance due to the change in rotation can be seen to be 0.1 dB and 0.25 dB respectively.

NOTE: It has been assumed that the same α-value is used by the carrier and interfering signal.
α-QPSK modulation can be seen as two correlated GMSK interferers. Depending on the alpha value used, the two sub channels will be more or less in phase. For alpha equal to 1 it will be difficult for the SAIC MS to suppress the interference since one, or both, of the sub channels will always have a significant amount of power in-phase with the GMSK carrier.  However, the closer α is to 0 or 
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the more the signal will resemble a GMSK signal and thus allow for more interference suppression by the SAIC mobile.

5 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 introducing the adaptive rotation is minimal on both the transmitter and the receiver side. Moreover, non-negligible gains in sensitivity are obtained. In addition, by introducing the second rotation zero crossings are avoided. The presented simulation results show that this is true both when 
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-QPSK or when QPSK is chosen as MUROS technique.
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