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Performance evaluation for adaptive constellation rotation
1 Introduction

At the GERAN WG1 ad hoc on EGPRS2/MCBTS/WIDER/MUROS the concept of adaptive symbol rotation was introduced, see ‎[1]. In short, an adaptive rotation is used for the MUROS modulation in the DL to improve the peak-to-average ratio, PAR, and minimum-to-average ratio, MAR, of the modulated signal.

The concept of adaptive constellation rotation is applicable to all presented candidate techniques for MUROS, including:

· Adaptive symbol rotation

· OSC

· Co-TCH (if linearized GMSK is used)
· Higher order modulation for MUROS

This document gives a more detailed investigation, than was given in ‎[2], of adaptive constellation rotation. Also, system level results are presented where the system gain of adaptive constellation rotation is estimated. 

2 Background

In EGPRS and EGPRS2 modulation rotation is used for modulation detection and to decrease the signal’s PAR and MAR. Each modulation has its own pre-defined rotation, which minimizes the PAR, and in some cases also eliminates zero crossings in the signal diagram. In Table 1 the number of modulations used in each EGPRS TBF is shown. It can be seen that up to seven modulations needs to be detected for EGPRS2-B.

Table 1. Modulation detection for EGPRS.

	EGPRS TBF
	# modulations used

	EGPRS, DL & UL
	2

	EGPRS2-A, DL
	4

	EGPRS2-A, UL
	3

	EGPRS2-B DL & UL
	7


Thus, for any MS supporting EGPRS, the additional complexity to support an additional modulation rotation for MUROS is expected to be minimal.

3 Adaptive symbol rotation

Currently blind modulation detection is only used for packet data services. There is no need to detect the modulation for speech services since GMSK modulation is always used.
Most proposed MUROS candidate techniques introduces new modulations in the DL. However, in order to support legacy mobiles on a MUROS channel the rotation of GMSK, л/2, needs to be used. 

For QPSK modulation л/2 radians is the worst possible rotation giving rise to high PAR and zero crossings as can be seen in Figure 1.
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Figure 1. Signal diagram for a QPSK constellation with л/2 radians rotation (top left), л/4 radians (top right) and PAR dependent on rotation (lower left).

From the left, lowermost plot in Figure 1 it can be seen that the PAR could be reduced with 0.7 dB by the use of л/4 rotation at α=1. Gains in PAR are also seen at 
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. 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, thus they have to be MUROS capable.

4 Results

4.1 Link level simulations

4.1.1 Simulation assumptions

Table 2 and Table 3 contains the simulation settings used when performing simulations in chapter  ‎4.1.2 and ‎4.1.3.
Table 2 Link level simulation assumptions in ch. ‎4.1.2.

	Parameter
	Value

	Speech codec
	TCH/HS

	Carrier modulation
	GMSK

	Interference modulation
	Alpha-QPSK

	Interference type
	MTS-1, MTS-2

	Receiver type
	Legacy SAIC

	Alpha
	[0.77, 0.8, 0.85, 0.9, 0.95, 1, 1.05, 1.10, 1.15, 1.19]

	Interference constellation rotation
	[л/2 л/4]

	Number of frames
	150 000


Table 3 Link level simulation assumptions in ch. ‎4.1.3.

	Parameter
	Value

	Speech codec
	TCH/AHS5.9 , TCH/AFS12.2, TCH/HS

	Carrier modulation
	Alpha-QPSK

	Interference modulation
	GMSK

	Interference type
	MTS-2

	Receiver type
	MUROS 

	Alpha
	[0.634, 1, 1.26]

	Constellation rotation
	[л/2]

	Number of frames
	40 000


4.1.2 Impact on legacy SAIC MSs

In this section the impact to legacy SAIC MSs are investigated. SAIC mobiles are able to suppress GMSK interference only if the rotation of the interfering signal is л/2. Thus, there could be a potential impact to the SAIC performance by introducing л/4 rotation. Two possible scenarios are foreseen, as shown in Figure 2.
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Figure 2. MUROS scenarios for legacy SAIC MS. Carrier modulation GMSK (left) or MUROS (right).

In ‎[2] the case of MUROS carrier and MUROS interferer was investigated. The performance of the SAIC receiver was seen not to be impacted by the rotation. In both ‎[2] and ‎[3] the performance was seen to be impacted in some cases by the rotation when having a GMSK carrier and MUROS interferer. In the remainder of this section, only the case of GMSK carrier and MUROS interferer is treated, and can be seen as the worst case of the two depicted in Figure 2.

Figure 3 and Figure 4 shows SAIC performance when a GMSK carrier is exposed to MTS-1 and MTS-2 interference. The interferers are modulated using alphaQPSK, and the performance is shown for alpha in the range 0.77 to 1.19, which corresponds to a SCPIR of -3.8 to +3.8dB. For each alpha the symbol rotation of the interferers is л/2 or л/4.
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Figure 3 SAIC performance for a GMSK carrier when exposed to MTS-1 interference, where the interferers are alpha-QPSK modulated. Each tick on the x-axis equals 0.2dB.
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Figure 4 SAIC performance for a GMSK carrier when exposed to MTS-2 interference, where the interferers are alpha-QPSK modulated. Each tick on the x-axis equals 0.2dB.

By comparing the performance at the different rotations in Figure 3 and Figure 4, it is possible to estimate the performance degradation in dB of the SAIC receiver at 1% FER. Figure 5 summarizes this degradation over the studied alpha range. The fine resolution on the Y-axis is justified since 150 000 frames per point were simulated. The degradation worsens as alpha approaches the theoretical rotation adaptation thresholds of 0.77 and 1.19. For MTS-1 the maximal degradation equals 0.37dB while 0.09 dB for MTS-2. 

It can be seen that when the MS experiences a multiple interferer scenario, the degradation due to the modulation rotation is decreased significantly compared to the single interferer case. It should be noted that the MTS-2 multi-interferer case is seen a the relevant system scenario for MUROS.

Figure 5 shows, for both scenarios, that symbol rotation л/4 is preferred when alpha is close to 1. The reason is that when the interferer modulation constellation is QPSK-like the SAIC receiver has limited, or no, capability to suppress the interference, as can also be seen in ‎[2] and ‎[3], since the two sub channels are always 90 degree phase shifted. On the other hand, л/4 rotation is used in the transmitter and л/2 derotation is used in the receiver, resulting in a net rotation of -л/4 for the interference. This type of interference causes less performance degradation in the receiver than a BPSK signal rotated л/2. This resembles the case in EGPRS where it is observed that 8PSK interference is less harmful than GMSK interference for a non-SAIC receiver.
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Figure 5 C/I degradation at 1% FER.

4.1.3 Impact on MUROS MSs

When an additional rotation is introduced for the MUROS modulation, the MS needs to detect it blindly. Figure 6 illustrates the performance degradation of a MUROS receiver due to rotation detection when TCH/AHS5.90, TCH/AFS12.2 or TCH/HS is used. The performance is shown for alpha 0.634, 1 and 1.264, which corresponds to a SCPIR of -6, 0 and +6dB. The degradation at 1% FER is at most 0.15 dB at SCPIR=+6 dB compared to performance when no modulation needs to be detected. At SCPIR=0 dB and SCPIR=-6 dB no degradation is seen.
It should be noted that the MUROS receiver estimates the rotation on a burst-by-burst basis. If the blind rotation detection metric were to be accumulated over several bursts, the performance is expected to be improved.
	
[image: image10.png]TCH/AHS5.9

i
o
&
634, Rt known
will Rt est
. Rt known
264, Rt est
264, Rot known

A [dB]




	
[image: image11.png]TLRIARSTZZ

10

FER

10

alpha=0.634, Rot est
alpha=0.634, Rot known
Rot est

Rot known
264, Rot est
264, Rot known

A [dB]






	
[image: image12.png]10

FER

10

TCHHS.

alpha=0.634, Rot est
alpha=0.634, Rot known
Rot est

264, Rot est

Al (48]




	


Figure 6 MUROS receiver with/without rotation detection when TCH/AHS5.9, TCH/AFS12.2 and TCH/HS is used. Each tick on the x-axis corresponds to 2dB.
4.2 System level simulations

OSC system simulations have been performed to estimate the possible network gains by the introduction of adaptive symbol constellation rotation.

The investigated scenario is for 100 % MUROS MS penetration.

It should be noted that the adaptive constellation rotation will also give coverage gains in sensitivity limited scenarios, but this has not been evaluated in this investigation.
4.2.1 Simulation assumptions

The system simulation assumptions are shown in Table 4.

Table 4. System simulation assumptions.

	Parameter
	MUROS-2

	Frequency band (MHz)
	900

	Cell radius
	500 m

	Bandwidth
	9 MHz

	# channels 
	45

	# TRX
	5

	BCCH frequency reuse
	Not simulated

	TCH frequency re-use
	3/9

	Frequency Hopping
	Baseband 

	Length of MA
	5

	Fast fading type
	TU-50

	Network sync mode
	Sync

	Propagation Model
	ETR 04.02 

	Sector Antenna Pattern (*)
	ETR 04.02

	QPSK power backoff
	3.3 dB
2.6 dB


* Antenna patterna implemented according to‎[4] 

4.2.2 Results

The impact on different QPSK backoff is investigated and Figure 7 show the spectral efficiency at the non-MUROS reference case, at 3.3 dB QPSK power backoff and at 2.6 dB QPSK power backoff.
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Figure 7. Spectral efficiency MUROS-2.
The gains for test case A and B are presented in Table 5. No values are presented for test case C (AFS 5.9) since this case is block limited and will not give any gain. Case D is still left TBD.
Table 5. Capacity gain using different QPSK 

	Type
	Gain at QPSK power backoff: 3.3 dB
	Gain at QPSK power backoff: 2.6 dB

	A
	82% (*)
	95% (*)

	B
	75%
	80%

	C
	Block limited
	-


* Gain presented at 96% satisfied users

It can be seen that there are gains of approximately 5 - 13 %-units in spectral efficiency by using 2.6 dB backoff compared to the case of using a 3.3 dB backoff.

NOTE: The degradation due to the blind modulation detection evaluated in section ‎4.1.3, has been shown to be 0 dB at α=1. 

NOTE: No sub channel power control has been used in the system simulations.
5 Conclusion

The contribution has evaluated the link and system level impact on adaptive constellation rotation proposed in the adaptive symbol constellation concept. It should hoever be noted that the concept can be applied to all proposed candidate techniques for MUROS.
On link level, 

· impact on legacy SAIC performance

· impact on BMD MUROS MS performance 

has been evaluated. It was seen that the impact to SAIC MSs was seen to be below 0.1 dB for a multi interference scenario. For some alpha values there was a loss in performance due to the л/4 rotation for some values a gain. In order to lower the impact on SAIC performance further, alternative ranges of alpha where the adaptive constellation rotation is used could be chosen. The impact on BMD detection for MUROS MSs was seen to be approximately 0.15 dB for SCPIR=+6 dB at SCPIR 0 dB and -6dB no degradation was seen. The blind modulation detection was carried out on a burst-by-burst basis and is expected to improve if more bursts are taken into account.
On system level, capacity gains of adaptive constellation rotation for MUROS-2 was evaluated. It was seen that the additional gains, compared to a non-MUROS reference case, were between 5 and 13 %-units.

The concept will also improve the coverage in sensitivity limited scenarios but this has not been evaluated in this study.
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