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1.
Introduction

A new Study Item Multi-User Reusing One Slot (MUROS) was agreed at GERAN#36 [1]. Some proposals, such us orthogonal sub-channel (OSC) [2] and co-channel assignment (Co-TCH) [3], have already been discussed, which have the potential to carry two users during a single time slot. Both Co-TCH and uplink OSC concepts regard its partner’s signal as co-channel interference (CCI) when detecting one user’s signal, thus interference cancelling (IC) technology must be introduced. Fortunately, there won’t be any interference between two MUROS MSs with the concept of MSK-based orthogonal pair proposed by this contribution.
The MSK modulated signal is a sequence that real number and pure imaginary alternately appear. With the concept of MSK-based orthogonal pair, two MUROS MSs employ MSK modulation scheme, and at least one MS performs symbol rotation to make the two MSK signals orthogonal, they are linearly combined together without interfering each other. The same physical resources are assigned to the two MSs but each one assigned a different training sequence code (TSC). BTS/MS receiver can separate two user’s signals and tell them by TSC. GMSK modem is used to conduct MSK modem to avoid the need for network to support new modulation scheme.
2.
Concept Description
2.1
Principle of Downlink Transmitter
Figure 1 shows the diagram of the BTS transmitter of the MSK-based orthogonal pair. Two low cross-correlation TSCs, e.g. TSC0 and TSC2, are inserted into two users' burst respectively. The MSK modulated signals have the property that real number and pure imaginary alternately appear, namely, there is ±π/2 phase difference between two successive modulated symbols. The symbol rotation angles of the two MSs are configurable to make sure that the phase difference is π/2, for instance, symbol rotation angle is set to be 0 for MS1 and π/2 for MS2, so the rotated signals are orthogonal and can be linearly combined without any interference. Over-sampling and DAC are done after combining. Note that over-sampling proceed is to enhance the accuracy of DAC, it doesn’t matter whether it is done during or after modulating.
2.2
Principle of Uplink Transmitter

Figure 2 presents the diagram of the MS transmitter of the MSK-based orthogonal pair. What the difference from the downlink transmitter is mainly that the absence of linearly combining block. Each MS processes modulation, symbol rotation, over-sampling and DAC respectively. The two transmission signals will linearly mix together in the same time slot.
2.3
Principle of Downlink/Uplink Receiver

Figure 3 gives the diagram of BTS/MS receiver of the MSK-based orthogonal pair. It under-samples received combined/mixed signals and gets in turn the real parts of the odd index symbols and the imaginary parts of the even index symbols to reconstruct the signal of one user, and the imaginary parts of the odd index symbols and the real parts of the even index symbols to reconstruct that of the other. The two signals are distinguished by the low cross-related TSCs, and de-rotated by the corresponding angles. Accordingly for instance, symbol rotation angle is set to be 0 for MS1 and -π/2 for MS2. The de-rotated signals are demodulated and decoded respectively. Because of the existence of CCI and ACI, interference cancelling can also be introduced if necessary.
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Fig.1 Functional block diagram of BTS transmitter of the MSK-based orthogonal pair
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Fig.2 Functional block diagram of MS transmitter of the MSK-based orthogonal pair
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Fig. 3 Functional block diagram of BTS/MS receiver of MSK-based orthogonal pair
3.
Performance
The performance is verified by link level simulation. Figure 4 shows the simulation results of link level performance of MSK-based orthogonal pair over TU3 channel, as the dashed blue line shows. The FER and Raw BER performance of the case that one MS solely occupies a time slot are also presented for comparison, as the red real line shows. Obviously, the link level performance of MSK-based orthogonal pair is very close to the one user case. Thus it can be concluded that the MSK-based orthogonal pair will not introduce interference between the two MUROS MSs.
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Fig. 4 FER and raw BER performances of the MSK-based orthogonal pair, TU3

4.
Implementation
One typical change is to make the GMSK modulator to support MSK modulation. According to [4], the GMSK modulation is done by three steps as figure 5 shows, differential encoding, BPSK mapping and Gaussian filtering. The over-sampling process is done during the Gaussian filtering. 
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Fig. 5 GMSK modulation process of GSM system 
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Fig. 6 Impulse responses of Gaussian shaping filter with different over-sampling rates

In figure 6, the red curve with circle shows the impulse response of Gaussian shaping filter when over-sampling rate (OSR) is 4, and the green curve with star gives that when OSR is 8. If OSR is set to be 1, the impulse response will be as the blue curve with pentagram shown, namely
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, thus the output signal is actually MSK modulated. Linear over-sampling process is done after MSK modulation, and the corresponding under-sampling process is done in receiver. Note that the GMSK demodulator could support MSK demodulation.
4.1
BTS/MS Transmitter
· MSK modulation. parameter OSR is set to be one when Gaussian filtering.

· Symbol rotation of one of the MUROS MS’s could remain π/2, the other’s should be 0 or π.

· Over-sampling. Linear over-sampling could be done after MSK modulation.
In fig.1and fig.2, the new characters of the transmitters are emphasized with yellow ellipses and panes.
4.2
BTS/MS Receiver
· Under-sampling. Corresponding process of linear over-sampling should be done with the same OSR.

· MSK signals separating. The BTS/MS receiver separates the real parts and the imaginary parts of the received symbols and re-assembles them to re-construct the MSK signals of the two users. And tell them by low cross-correlation TSCs.
In fig.3, the new characters of the receivers are emphasized with yellow ellipses and panes.
5.
Conclusion

The concept of MSK-based orthogonal pair as described in this contribution allows to theoretically double peak speech capacity without interference between two MUROS users, thus can improve the performance of MUROS technology. Only software update is need for implementation. For these reasons, it is proposed that this concept is considered as a candidate for speech capacity enhancements.
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