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SAIC Link Performance for Asynchronous GERAN Models

1 Introduction

SAIC performance analysis has focussed so far on synchronous networks, which are providing highest capacity improvements. However, most of existing networks are operating in non-synchronized mode, and SAIC should show significant improvements also in these networks, including increase in capacity. Different network configurations 1 to 4 have been defined for analysis of asynchronous network operation. For synchronous network operation, configurations 2 and 3 have been used to derive common SAIC link assumptions, only dependent on load. These assumptions can be used or asynchronous network operation as well. Recently, also assumptions for configurations 1 and 4 have been derived [9]

 REF _Ref44252286 \r \h 
[11]. However, structural enhancements of the SAIC link model for asynchronous operation are still under discussion [8]

 REF _Ref44252398 \r \h 
[10]
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[13].

In this contribution, initial link simulation results for MIC/SAIC in non-synchronized network configurations 2, 3 and 4 are presented and feasible paths for extension of the model structure and simulation methods are discussed. In Section 2, the simulation assumptions are summarized. Section 3 describes the results. Conclusions are drawn in Section 4.

2 Simulation assumptions

The asynchronous simulation scenario is implemented as a variant of the synchronous GERAN setup [2] with the following changes:

· Each signal burst of the discrete interferers source (i1, i2, i3 and iac1) is added to the receive signal after applying a random delay, which is independently uniformly distributed in the range –156 to 156 symbols.

· The adjacent time slot which overlaps into the receive time slot is either set to zero or generated by cyclic shift of the original interfering signal burst multiplied with a complex factor a. (The case of a zero adjacent time slot is provided by setting a = 0.)

· If the adjacent time slot is set to zero, the power of the discrete interference source is increased by a factor of 2 in order to keep the average power in the receive time slot as specified in the GERAN model. If, more generally, the adjacent time slot is attenuated by a with |a| < 1, appropriate power compensation is applied as well. 

All other simulation assumptions are as specified in [2]. Especially the residual interferers are modelled as for the synchronous GERAN model.

These extensions are proposed as a step towards defining feasible asynchronous GERAN SAIC link simulation assumptions. The concept is simple, but capable of modelling all relevant aspects of asynchronous interference from an MS point of view. Currently the factor a is fixed for an entire simulation run, since this provides more insight into MIC performance characteristics. Generation of a as a random variable could be considered as well, but an appropriate model has not yet been defined and is expected to be strongly depend on the specific network scenario.

Without frequency hopping, a discrete interferer source models the interference from one transceiver of an interfering BTS. With frequency hopping, more complicated situations occur which are covered as well. The signals in the adjacent time slots of the discrete interferer source can represent bursts from the same transceiver (if both time slots are from the same frame or if the hopping pattern keeps the frequency at a frame boundary), from different transceivers of the same BTS (if, at a frame boundary, the frequency is used by this BTS in both frames), or from different BTS of the same site (if, at a frame boundary, the frequency is used in these frames by the synchronous BTS of two sectors of this site).

The parameter a reflects two aspects:

· The magnitude of a models burst level changes of the interferer, which can be caused by different BTS transmit power (due to downlink power control), by not using a slot (due to no call assigned to this slot or due to DTX in some frames), or by different radio propagation (if from different sectors). 

· The phase of a models the phase relation between the slots, which is often continuous (if from the same transceiver), but may be modified (by the BTS option to generate time slots of length 156.25 symbols) or completely random (if from a different transceiver).

In the derivation of the GERAN model from system simulations, the interfering bursts have been sorted burst-by-burst according to their power level, resulting in a ranking of average power levels of  i1 (strongest), i2 (second) and i3 (third). This sorting may cause difficulties with respect to modelling correlations of delay and factor a. For example, the slowly varying delay of the strongest interfering BTS in reality would be pessimistically modelled by assuming the delay of i1 highly correlated, since the real signal from the BTS may be faded or interrupted by DTX, resulting in other interferers becoming stronger. 

Burst-by-burst variation of the delay is an optimistic assumption, which is applied here for simplicity. It is difficult to decide if a constant factor a = 0 is advantageous or disadvantageous compared to synchronous operation.

While for configurations 2 and 3 the parameters of the GERAN model are used as in the synchronous analysis [2], parameters for configuration 4 (and 1) have not been readily agreed. However, there are proposals for configuration 4 by Ericsson [9] and Motorola [11], which show rather similar figures. In the following simulations, the Motorola proposal has been selected for configuration 4 at 30% load. 

3 Results

Systematic asynchronous GERAN model simulations were carried out for the case of zero adjacent time slot (a = 0) with fair power setting, as described before. Table 1 gives a summary of these results along with synchronous results for comparison [2].

	Results for Asynchronous GERAN Model, case a = 0

	
	Configuration 4

30% Load
	Configuration 2/3

40% Load
	Configuration 3

70% Load

	
	AFS 5.9
	AFS 7.95
	AFS 12.2
	AFS 5.9
	AFS 7.95
	AFS 12.2
	AFS 5.9
	AFS 7.95
	AFS 12.2

	Conv. Equalizer CIR
	dB
	4.63
	6.22
	10.1
	4.75
	6.18
	9.67
	4.72
	6.11
	9.43

	MIC/SAIC CIR
	dB
	0.8 
	2.03
	5.32
	2.04
	3.33
	6.38
	2.41
	3.69
	6.67

	Link Gain
	dB
	3.8 
	4.19
	4.8
	2.71
	2.85
	3.29
	2.31
	2.42
	2.76

	Results for Synchronous GERAN Model (for comparison)

	Conv. Equalizer CIR
	dB
	5.03
	6.44
	9.71
	5.21
	6.50
	9.71
	5.20
	6.49
	9.63

	MIC/SAIC CIR
	dB
	2.66
	3.79
	6.46
	3.06
	4.23
	7.03
	3.21
	4.39
	7.23

	Link Gain
	dB
	2.37
	2.65
	3.25
	2.15
	2.27
	2.68
	1.99
	2.10
	2.40


Table 1 Link gain for 1% FER, asynchronous GERAN model 30%, 40% and 70% load, case a = 0, including TSCs, frequency offsets and receiver impairments. In italics: Results for synchronous GERAN model (from [2] for 40% and 70% load) included for comparison.
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Figure 1: FER performance for TCH/AFS, asynchronous GERAN model, configuration 2/3 at 40% load, case a = 0, including TSCs, frequency offsets and receiver impairments

Figure 1
Figure 1
 shows the FER performance for TCH/AFS12.2, 7.95 and 5.9 for the asynchronous GERAN model with 40% load with fixed factor a = 0. The necessary CIR values to achieve 1 % FER with the conventional and MIC/SAIC receivers are read from this figure and summarized in Table 1 along with the link gain, which is the difference of these values. The gain by MIC/SAIC compared to the conventional equalizer, is 2.7 – 3.3 dB, depending on the coding scheme.

This gain by MIC is in this specific asynchronous case (a = 0) is significantly higher compared to the gain achieved in comparable simulations for the synchronous GERAN scenario [2]. The synchronous results are adversely affected by the TSCs, which are present in the asynchronous scenario as well, but interfering at critically small delay only with very low probability. On the other hand, the asynchronous results are adversely affected by strong interfering bursts starting or ending within the training sequence of the desired signal burst. Taking these controversial aspects into account, to observe this improvement of absolute performance of both the conventional receiver and MIC/SAIC, and even increasing gain by MIC, is encouraging the expectation of gain for asynchronous operation under more realistic assumptions, even though this gain will likely be lower than measured here.
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Figure 2: FER performance for TCH/AFS, asynchronous GERAN model, configuration 3 at 70% load, case a = 0, including TSCs, frequency offsets and receiver impairments


Figure 2
 shows the FER performance for TCH/AFS12.2, 7.95 and 5.9 for the GERAN model with 70% load. The gain by MIC/SAIC compared to the conventional equalizer is still about is 2.3 - 2.7 dB, depending on the coding scheme. These results are about 0.3dB better than for the synchronous scenario.
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Figure 3: FER performance for TCH/AFS, asynchronous GERAN model, configuration 4 at 30% load, case a = 0, including TSCs, frequency offsets and receiver impairments

Figure 3 shows the FER performance for TCH/AFS12.2, 7.95 and 5.9 for the GERAN model configuration 4 with 30% load, parameters as proposed in [Motorola]. The gain by MIC/SAIC compared to the conventional equalizer is about 3.7 - 4.7 dB, depending on the coding scheme. Also this gain is higher than in the synchronous case, which is shown in Figure 4 and Table 1 for comparison.
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Figure 4: FER performance for TCH/AFS, synchronous GERAN model (for comparison), configuration 4 at 30% load, including TSCs, delays, frequency offsets and receiver impairments
Bit error rates before channel decoding in asynchronous operation with a = 0 are shown in Figure 5 for all three load cases. For both the conventional receiver and MIC, the performance becomes better at lower load. This difference is more pronounced with MIC, so that also the gain by MIC increases. At 10% BER, the gain by MIC is 2.0 dB for 70% load, 2.3 dB for 40% load and 3.5 dB at 30% load. 
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Figure 5: BER before channel decoding, asynchronous GERAN model, 30%, 40% and 70% load, including TSCs, delays, frequency offsets and receiver impairments

In the asynchronous interference scenario with a = 0 considered here, the conventional receiver gives lower FER and BER than in the synchronous GERAN model with TSCs  [2] (actually even better than in the case of random GMSK interferers, which was considered in [6]). The advantage of this asynchronous scenario for MIC/SAIC performance is even higher, so that the link gain by interference cancellation is increased.

With the asynchronous link simulation scenario considered in this contribution, the variation of the bit error probability within the coding block is significantly stronger  compared to the synchronous scenario [2]. The variation cannot be considered to be mainly burst-by-burst (as in the synchronous case), but it clearly happens within the receive bursts. This variation not only increases the coding gain, as can be seen with the big differences in FER results, but improves already the average performance of the equalizer to some extend, visible with BER. This effect is observed with the conventional equalizer, and even more with MIC.

The asynchronous case a = 0 turned out to be a rather advantageous case compared to synchronous operation. In asynchronous network operation, various cases of parameter a will occur in random mixture, with some correlation over time. 

In this respect the results shown here are clearly optimistic. Also the assumption of independent delays is rather optimistic. However, the initial results are encouraging the expectation for relevant capacity gains by MIC with asynchronous operation, or in synchronized networks with explicit time offsets as recently proposed [12].

More realistic simulations will become possible with trace-based simulations, even if these traces come from a synchronous network simulation. 

4 Conclusions

In initial MIC/SAIC link performance simulations for an asynchronous GERAN model, some simple extensions of the synchronous model were used. Due to lack of appropriate assumptions for random variation of these parameters, the interference scenario is modelled somewhat optimistically biased with respect to SAIC gain. On the other hand, the burst ends were considered to fully impact the burst, which was expected to cause severe performance degradation. However, the very high link gain by MIC/SAIC resulting in this situation encourages to expect significant gain also under more realistic conditions, even though this gain will likely be lower than measured here.

Since mainly an optimistic case has been simulated so far, further analysis is needed, preferably based on a simple model agreed in GERAN. 

In order to validate the model assumptions, a trace-based link simulation approach [6]
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[7] should be used also for asynchronous link simulations [8].
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