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SAIC performance of Adaptive symbol constellation
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, Adaptive symbol constellation, an adaptive QPSK symbol constellation is used in the DL that shifts the constellation dependent on the power requirements from the users on the two MUROS sub channels. 
One of the objectives of the MUROS study item, ‎[2], is to provide backward compatibility with legacy mobiles. Both SAIC and non-SAIC capable mobiles are included in the MUROS concept.
In this document the Adaptive symbol constellation concept, also called α-QPSK, is evaluated with a SAIC receiver available on the market today. The paper also includes reasoning on expected SAIC performance for different legacy implementations.
The document is an update to the contribution presented at the 5th telephone conference on MUROS. Additions are:

· Update of Figures 2 and 3 to include power backoff of QPSK of 3.3 dB.

· Update of simulations assumptions to reflect the SAIC algorithm used.
2 Additional interference from α-QPSK
By the introduction of QPSK modulation in the DL, an additional interferer is introduced to the receiver. The additional interferer is very similar to a GMSK co-channel interferer, ‎[3], with the important difference that the interfering signal is experiencing the same channel propagation and it is orthogonal to the wanted sub channel. Orthogonality in this context refers to a 90° phase shift between the corresponding interfering GMSK signal and the wanted signal.
In Figure 1 the SAIC performance of a legacy GMSK service experiencing a GMSK co-channel interferer is compared to an α-QPSK signal where the other sub channel is the only interferer present. Thus, a certain α will give rise to a power imbalance ratio between the sub channels corresponding to a C/I.
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Figure 1. GMSK carrier with co-channel interferer and α-QPSK.

It can be seen that the SAIC receiver can more easily suppress the interference from the orthogonal sub channel while the external co-channel interferer is more challenging. A difference in performance of approximately 6.5 dB can be seen at 1 % FER for AFS/5.90.
3 Results

3.1 Simulation assumptions

In Table 1 the simulation assumptions are shown.

Table 1. Simulation assumptions.

	Parameter
	Value

	Speech codec
	TCH/AFS5.90, TCH/AFS12.2

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Antenna diversity
	No

	Interference
	Seinsitivity

	Receiver type
	Legacy SAIC

The SAIC algorithm used for the receiver utilizes a spatial-temporal Vector Autoregressive (VAR) Model 

	PAR
	3.3 dB

	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]

  -   / -      [Hz]

Yes/   -


3.2 Performance

Simulations have been performed for AFS5.90 and AFS12.2 using different sub channel power imbalance ratios, SCPIRs. The results can be seen in Figure 2 and Figure 3.
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Figure 2. α-QPSK sensitivity performance, AFS5.90.
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Figure 3. α-QPSK sensitivity performance, AFS12.20.
The performance is degraded significantly comparing α-QPSK with a legacy GMSK traffic channel. The difference is due to the introduction of an additional interferer and that the total carrier energy is split between the two MUROS users. However, if Es/N0 is large enough the SAIC receiver can suppress the other sub channel efficiently.
4 Conclusions

The sensitivity performance of a legacy SAIC receiver has been simulated when experiencing interference from a second sub channel using an α-QPSK constellation. Different SCPIRs was investigated and it was shown that the SAIC receiver could perform at SCPIRs of ≥ -8 dB.
Also, a legacy GMSK traffic channel experiencing an external co-channel interferer was compared to an α-QPSK signal where the other sub channel is the only interference. A performance difference in the order of 6-7 dB was seen for AFS/5.90 @ 1 % FER. Thus, a SAIC receiver is expected to be able to handle a SCPIR several dBs lower than the C/I experienced on a legacy GMSK traffic channel with co-channel interference.
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