3GPP TSG GERAN #36

GP-071721
Vancouver, Canada
November 12th – 16th 2007

Source: Telefon AB LM Ericsson

Agenda item 7.1.5.17
3GPP TSG GERAN #36

GP-071721

Link Performance of Orthogonal Sub Channels with Narrow Pulse Shaping Filter
1 Introduction
The OSC concept ‎[1] relies on the orthogonality of the sub-channels in downlink. The orthogonality is maintained only if a spectrally wide Tx pulse is used (such as the proposed 270 kHz Hanning windowed RRC pulse), and the time dispersion on the channel is small. On the other hand, the use of a narrow Tx pulse complying with the legacy GSM/EDGE spectrum mask is highly desirable. However, such pulse shaping filter will introduce InterSymbol Interference (ISI) and perturb the orthogonality of the sub-channels in the modulated carrier. 
One of the goals of OSC stated in ‎[1] is that “voice capacity evolution should not introduce additional costs to the voice (GMSK) only handsets”. Thus, it is desired to reuse legacy mobiles, or to introduce only simple modifications to the existing handset software/hardware, e.g. new training sequences.
This contribution contains an investigation of the performance of legacy mobiles when the EDGE linearized Gaussian Tx pulse is used. 
The handsets may implement the receiver, and in particular the equalizer, in a myriad of ways. In order to explore the possibilities of OSC in the downlink, a very robust, high performance receiver has been chosen. In particular, a 5-tap least squares channel estimate is used. 
2 Simulation Results
2.1 Simulation assumptions

The simulation assumptions are shown in Table 1.
Table 1. Simulation assumptions.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)
Static

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference/noise
	DTS-2

	Antenna diversity
	No 

	Equalizer
	5 MLSE taps

	Tx pulse shape
	Lin GMSK pulse

270 kHz Hanning windowed RRC1

	Rx filter

  - Bandwidth
	RRC / Han RRC1
   240 kHz (when Tx pulse is Lin GMSK)

   270 kHz (when Tx pulse is Han RRC)

	RRC rolloff
	0.3

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

	Simulation length
	12000 bursts per simulation point. 

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


2.2 AMR/FS 5.9
Figure 1 shows the performance of legacy mobiles with QPSK-OSC modulation. Legacy GMSK is also shown as a reference. The performance has been normalized so that GMSK reaches 1% FER @ C/I = 0 dB. The performance of a legacy mobile with matched Tx/Rx 270 kHz filters is also shown.
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Figure 1
2.3 AMR/HR 7.4
Figure 2 shows the performance of a legacy receiver with the narrow legacy Tx pulse. The performance for half rate channels is extremely poor. Figure 3 shows the raw bit error rate (i.e. BER at the output of the equalizer), which is independent of the logical channel. It can be seen that the BER is always greater than 13%. At such high BER the speech quality is compromised, even if the FER is low enough. For example, in Figure 1, at C/I = 11 dB the FER is below 1%. However, it is seen from Figure 3 that the BER at that C/I is above 16%. It is almost certain that this error rates will render the speech quality unacceptable.
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Figure 2
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Figure 3
Simulations for a static propagation model have been performed in order to determine the extent to which the partial response Tx filter destroys the orthogonality of the sub-channels. Figure 4 shows the results. The performance has been normalized so that GMSK reaches 1% FER @ C/I = 0 dB.  It is evident that ISI causes enormous performance degradation.
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Figure 4
3 Conclusions
The simulations show that even in the absence of time dispersion in the radio channel (i.e. static propagation medium), the ISI introduced by the EDGE partial response pulse shaping filter degrades the performance of a high quality legacy receiver beyond the limit of usability. 

Since the two user signals are intermingled due to the ISI, it appears to be very difficult to separate the signals by any simple means. Thus, more advanced receivers, such as SAIC or Joint Detection seem to be indispensable. 
The use of the current EDGE Tx pulse in the OSC modulator will preclude the use of legacy mobiles, and it will make it difficult (or even impossible) for handset vendors to easily adapt the hardware/software of GMSK-only legacy mobiles for OSC.
Assuming that compatibility with legacy MS receivers and use of simple receivers is desired, one conclusion of this investigation is that the OSC concept in its current form relies on that a wideband, ISI-free TX pulse shaping filter is used. Considering that voice services constitute a large fraction of the traffic volume, one of the following approaches must be taken:

· Carefully study the system level impact of increasing the adjacent channel interference in downlink and make sure that the speech quality/capacity is not compromised.
· Modify the OSC concept to make it more robust to inter-symbol interference.

· Segregate legacy MS and OSC MS on different radio resources and use more advanced receivers in OSC MS
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