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1 Introduction

At SAIC workshop #2 in Seattle and during following email discussions, two exemplary link scenarios were agreed. In this contribution, results from link simulations with a SAIC receiver are presented for these two scenarios.

2 Interference scenarios

2.1 Interference model

The interference is generated as shown in Figure 1. The carrier signal (with average power C) uses training sequence code (TSC) 0. To the carrier, in total seven interference signals are added, four co-channel interference sources and three adjacent channel interference sources.

Of the four co-channel interference sources, three are GMSK modulated signals fed through multipath fading channels. Their average powers are I1, I2 and I3, respectively. They choose random TSCs per burst. The first (with the largest average power I1) does not use TSC 0, while the other two use any of the eight TSCs. The fourth co-channel interference source models the rest co-channel interference. This is modelled as a complex white Gaussian noise (symbol spaced samples) fed through a linearised GMSK pulse shaping filter. Its average power is Irest.
Of the three adjacent channel interferers, one is modelled as a GMSK modulated signal fed through a multipath channel. It has an average power of Ia1 and randomly chooses any of the eight TSCs on a burst basis. It is shifted +200 kHz relative to the carrier. The other two adjacent channel interference sources model the rest adjacent channel interference on the upper and lower 1st adjacent channel. They are modelled as two complex white Gaussian noise signals (symbol spaced samples) fed through linearised GMSK pulse shaping filters. Their average power is Ia,rest/2 each.
All multipath fading channels are uncorrelated to each other. All interferers are burst synchronised to the carrier. Transmitter frequency errors were not modelled.
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Figure 1. Interference model.

2.2 Interference levels

The average interference power levels are shown in Table 1.

	Scenario (frequency load)
	40 %
	70%

	1st co-channel interferer (I1)
	I1 dB 
	 I1 dB

	2nd co-channel interferer (I2)
	I1-6 dB
	I1-4 dB

	3rd co-channel interferer (I3)
	I1-10 dB
	I1-8 dB

	Rest co-channel interference (Irest)
	I1-9 dB
	I1-5 dB

	1st adjacent channel interferer (Ia1)
	I1+4 dB
	I1+4 dB

	Rest adjacent channel interference (Ia,rest)
	I1+3 dB
	I1+4 dB

	DIR (from average power levels)
	2.6 dB
	0.2 dB

	DIR2 (from average power levels)
	-0.7 dB
	-1.4 dB

	C/Itot (average)
	-10:2.5:15 dB
	-10:2.5:15 dB


Table 1. Interference levels.

3 Simulation assumptions

· 40000 bursts per simulation point.

· Receiver impairments are included.

· TU3 channel with ideal frequency hopping at 900 MHz

· The reference receiver is standard compliant with some margin. For example, the receiver has a 2 dB margin to the conformance requirement for EGPRS/MCS-2 BLER on a TU3iFH channel with co-channel interference. The corresponding figure with adjacent channel interference is 3.5 dB.

4 Simulation results

4.1 40% load

Figure 2 shows raw bit error rate versus C/Itot for the 40% frequency load case. The gain relative to the reference receiver is 0.5 dB at 1% raw BER.
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Figure 2. Raw BER versus C/Itot in 40% load scenario.

4.2 70% load

Figure 3 shows raw bit error rate versus C/Itot for the 70% frequency load case. The gain relative to the reference receiver is 0.5 dB at 1% raw BER.
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Figure 3. Raw BER versus C/Itot in 70% load scenario.

5 Simulation statistics

5.1 40% load

The upper plot of Figure 5 shows CDFs of the signal-to-interference-and-noise ratio (CINR) for the 40% load case. The red curve shows the result from the network simulation presented in [1]. The black curve shows results from a link simulation at the point where the average CINR=9.5 dB (this point was chosen to get the same median CINR as the network simulation). Adjacent interferers were suppressed 18 dB. It can be seen that the CINR is more concentrated in the link simulation than in the network simulation, as expected. The lower plot of Figure 5 shows CDFs of DIR for the same simulations. Only bursts with CINR<10 dB were taken into account. The median DIR higher in the link simulation, but the spread is clearly larger in the network simulation.
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Figure 4. CDFs for 40% load case. Top: CINR. Bottom: DIR (only bursts with CINR<10dB were taken into account).

5.2 70% load

Figure 5 shows the same CDFs as Figure 4 but for the 70% load case. From the link simulation the point where the average CINR=8.0 dB was chosen to get the same median CINR as the network simulation. The CINR is more concentrated in the link simulation, as in the 40% load case. The median DIR is similar in the link and network simulation, but the spread is larger in the network simulation, as in the 40% load case.
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Figure 5. CDFs for 70% load case. Top: CINR. Bottom: DIR (only bursts with CINR<10dB were taken into account).

6 Discussion

From the link simulation results in section 4, it is clear that the gain from SAIC in the exemplary interference scenarios is small. From the statistics in section 5, it is also clear that the CINR and DIR distributions in the link simulations differ quite much from these in the network simulations. A larger fraction of the bursts will have a high DIR in the network, which may lead to larger gains.

It is also important to remember that the receiver in the link simulations experiences an interference situation that covers a range of DIR with a median selected according to statistics from network simulations. The gain in the link simulation is the average gain over the DIR range covered due to multipath fading. The situation may be very different for an individual user in a network. The CDFs from the network simulations show the overall DIR distribution for all users. A particular user in a network will likely have a DIR distribution that is different from the overall distribution in the network. It will also differ from the DIR distribution in the link simulation. In particular the median value may be different.

In this context, it should be emphasized that in order to increase system capacity it is most important to help the users with poor quality, i.e. low CINR. The results in [1] indicate that there is a dependence between CINR and DIR – a low CINR often leads to a high DIR. Since SAIC can help users with high DIR, call dropping is reduced and system capacity increased.

Furthermore, if SAIC gives gains to users that are not in trouble, their increased robustness to interference means that they can be served at a lower output power. With frequency hopping, this translates to lower interference to all users. In this way, the power control and frequency hopping functionalities in the system distributes the benefits among all users in the network (also to those who do not experience a direct link gain) and thus allow a higher system load with retained quality.
7 Conclusion

The link performance in the exemplary scenarios agreed at the SAIC workshop #2 in Seattle and during following email discussions has been evaluated by means of link simulations. The gain is found to be small, 0.4 dB at 1% raw BER.

This should not be interpreted as that the gains from SAIC are small in general. The interference situation for individual users in a network may differ significantly from the exemplary interference scenarios. To evaluate the potential of SAIC, system simulations are needed. A crucial step towards this is to define a link-to-system model. Some aspects of this are discussed in an accompanying contribution [2].
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