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The Performance of Orthogonal Sub Channel and the Feasibility analysis
1 Introduction

To improve the voice capacity, the orthogonal sub channel (OSC) concept has been presented in GERAN #33 meeting [1]. Due to the great advantage of the OSC concept, it is necessary to evaluate the performance of the OSC and analyse the impacts to the existing networks. This discussion paper provides some simulation results and highlights some compatibility issues of the OSC concept.
2 The OSC in Downlink
2.1 The Compatibility Analysis
The OSC in downlink is based on QPSK like modulation; the two subchannels are used by different MSs and separated by non-correlated training sequences.
BTS transmitter may use QPSK type of constellation that may be a subset of 8PSK constellation, so the impact to the network could be negligible.
As shown in Figure 1, if the GMSK handset is nonlinear-equalization receiver, such as MLSE, the performance is very lower than the QoS requirements. So most of the handsets in use today will not be able to support the OSC, because they are MLSE nonlinear-equalizer inside; the handsets need to be hardware updated to support the OSC.
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Figure 1 Performance of the OSC with the legacy MS at TU50

2.2 The performance based on the updated MS

The performance comparison of OSC (QPSK like demodulation) and GMSK with nonlinear-equalization algorithm is shown in Figure 2.
Simulation condition:

Equalization:

GMSK: MLSE
16state

QPSK: DFSE
16state

Receiving filter
180KHZ RRC
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Figure 2 OSC(QPSK like demodulation) and GMSK with nonlinear-equalization
It is shown that if take MLSE nonlinear-equalization algorithm into use, OSC (QPSK like demodulation) needs about 4.8dB higher SNR than GMSK, in order to maintain the same QoS (demodulation BER).
Figure 3, which is a reference from [2], illustrates the performance comparison of GMSK and 8PSK with FR and HR, GMSK HR needs about 7.0dB higher SNR than GMSK FR. For OSC in downlink with nonlinear-equalizer, the QPSK like modulation may reduce the transmitter power with 2.2 dB, due to the higher PAPR; as mention above OSC (QPSK like demodulation) need 4.8dB higher SNR than GMSK to achieve the same QoS, then the OSC HR also needs 7.0 dB higher SNR than GMSK FR, it seems no gains compare with the GMSK HR.
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Figure 3 GMSK and 8PSK with FR and HR

In conclusion, for the OSC in downlink, 
· It seems no gains of the coverage.

· Due to the nonlinear-equalizer receiver, most of the handset in use today can not support the OSC.
3 The OSC in Uplink
3.1 The Compatibility Analysis
For the OSC in uplink, the handset may use genuine GMSK with new training sequence; it is assumed that BTS can use receiver diversity to receive the subchannels of OSC. The BTS also need new baseband demodulation technology.

It is negligible impact to the handset. The change is in the training sequences. By introducing a new training sequence with the lowest cross-correlation to the existing one, BTS will be able to separate the subchannels. The handsets in use today can support OSC in uplink without any update.
3.2 The performance
The following analyses are based on two main technologies, Interference Rejection Combing (IRC) and Successive Interference Combing (SIC).
1) The IRC in use
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Figure 4 Performance with 2-antenna IRC for TCH/FS at TU50
Figure 4 is the performance of OSC with 2-antenna IRC for different offsets between coincident users. IRC_0dB denotes the target user use IRC, and the power offset is 0dB; IRC_10dB denotes the power offset is 10 dB. It is clear that, if the offset is large, e.g. more than 5 dB, the lower power user can not meet the QoS requirements. With existing Power Control procedure, it is not able to keep the offsets in such a small range.
2) The SIC in use

The SIC receiver as illustrated in Figure 5 is used in following performance analysis, by using the SIC receiver, the subchannel with stronger power is detected first, and is subtracted before receiving the lower power subchannel.
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Figure 5 The SIC receiver
The uplink coverage with SIC receiver is shown in Figure 6 for different level offsets. It is shown that the lower power user can not meet the QoS requirements. 
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Figure 6 Sensitivity in different offsets based on the SIC at TU50
The Joint Detection may be a technology to improve the performance, but it will bring a huge complexity and additional costs to BTS.
4 Conclusion

According the analysis and simulations, the following conclusions can be reached:
For the OSC in downlink, the coverage gains with OSC are very little compare with GMSK HR. Most of the handsets in use today can not support OSC, due to the nonlinear-equalizer receiver.
For the OSC in uplink, neither IRC nor SIC can ensure the QoS requirements.
5 Reference

[1] GP-070214, Voice Capacity Evolution with Orthogonal Sub Channel, Nokia, GERAN #33
[2] S. Hamiti, E. Nikula, J. Parantainen, T. Rantalainen, B. Sebire, G. Sebire, GSM/EDGE Radio Access Network (GERAN) - Evolution of GSM towards 3G Mobile Services, IEEE ITC2001





















































































1
7

