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1 Introduction

In ‎[1] the concept of Adaptive Constellation Rotation for MUROS is presented. This document reproduces part of the text presented in ‎[1]. It is proposed to include the text in the TR for Circuit Switched Voice Capacity Evolution for GERAN. 
2 Proposed sections for TR inclusion
The sections and text proposed to be included in the TR for Circuit Switched Voice Capacity Evolution for GERAN are highlighted in red. 
Note that section “8.2.1.3.2.1 Adaptive constellation rotation” is updated, while section “8.2.1.3.3 MUROS receiver” and section “8.2.2.1 Adaptive constellation rotation” are new sections to the TR.

Note that some references made to tables and figures in this document is made to tables and figures present in the TR for Circuit Switched Voice Capacity Evolution for GERAN.
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8.2.1.3.2.1 Adaptive Constellation Rotation 

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. To investigate this, simulations were conducted for both GMSK and α-QPSK modulated carriers exposed to 
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-QPSK modulated interference with varying alpha and a rotation of л/2 or л/4 as can be seen in the figure below.
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Figure 8-41. Identified interference scenarios.

For the α-QPSK modulated carriers the alpha values were chosen according to Table 8-10. The same α-value was used by the carrier and interfering signal. The alpha values and constellation rotations used were chosen from Figure 8.9. Alpha equal to 0.77 and 1.19 represents the extreme 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. 

Figure 8-42 presents the results from the simulation when the carrier was α-QPSK modulated and the interferer either α-QPSK or GMSK modulated. The α-QPSK interferers were rotated л/2 or л/4 while the carrier used a rotation of л/2. The performance degradation due to the change in rotation reaches its maximal value 0.2 dB when α equals 0.77.

	α
	SCPIR [dB]

	0.77
	-3.8

	0.89
	-1.8

	1.19
	3.8


Table 8-10 Alpha versus relative sub channel power.
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Figure 8-42 SAIC performance when an α-QPSK carrier, using AFS/12.2, is exposed to α-QPSK or GMSK modulated interference.
For the scenario when the carrier is GMSK modulated a more thorough investigation was performed. Figure 8-43 shows the SAIC performance when a GMSK carrier is exposed to MTS-1 or MTS-2 interference. The interferers are α-QPSK modulated, 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 8-43. SAIC performance for a GMSK carrier when exposed to MTS-1 (left) and MTS-2 (right) 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, it is possible to estimate the performance degradation in dB of the SAIC receiver at 1% FER. Figure 8-44 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 as the relevant system scenario for MUROS.

Figure 8-44 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 de-rotation 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 8-44 C/I degradation at 1% FER.

8.2.1.3.3 MUROS receiver 

8.2.1.3.3.1 Constellation Rotation Detection

When an additional rotation is introduced for the α-QPSK modulation, the MS needs to detect it blindly, as mentioned in section 8.1.4. While MUROS receiver performance in sensitivity limited scenario is presented in section 8.2.1.2.2.2, Figure 8-46 depicts the performance degradation of the same receiver when the α-QPSK carrier is exposed to GMSK modulated MTS-2 interference.

The performance is shown for codecs TCH/HS, TCH/AHS5.9 and TCH/AFS12.2 when the alpha-QPSK modulation constellation is determined by alpha 0.634, 1 and 1.264. 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.
As the degradation due rotation detection never exceeds 0.15dB for any of the studied alpha values it will be compensated by the PAR enhancement presented in 8-7.
	α
	SCPIR [dB]

	0.634
	-6

	1.0
	0

	1.264
	6


Table 8-11 Alpha versus relative sub-channel power.
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Figure 8-46 MUROS receiver with/without rotation detection when speech codec TCH/HS, TCH/AHS5.9 and TCH/HS12.2 is used. Each tick on the x-axes corresponds to 2dB.

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

8.2.2.1 Adaptive constellation rotation
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.

The investigated scenario is MUROS-2 where a backoff of 3.3 dB and 2.6 dB has been investigated.

The impact on different QPSK backoff is investigated and figure 8-x shows 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 8-x. Spectral efficiency MUROS-2.

The gains for test case A and B are presented in Table 8-y. 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 8-y. 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.
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