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1. Introduction

Significant progress was made at the 2nd SAIC ad hoc meeting (March, 2003) on the definition of reference interference models for link-level performance assessment of SAIC receivers under synchronous system operation, resulting in the interference models of [1] and subsequent presentation of link-level SAIC results at GERAN#14. In order to progress the SAIC assessment work, and complete the work program established at the 1st SAIC ad hoc meeting, extension of the link level model to the asynchronous network case is required in order to:

a) quantify link-level performance gains under asynchronous conditions, and

b) demonstrate that even if no gain is observed, there is no performance loss associated with SAIC terminals operating in asynchronous networks.

Following the SAIC conference call of 24th April 2003, Motorola was tasked with making an initial proposal for an asynchronous interference model. In order to simply the simulation work as much as possible, this contribution suggests extensions of the synchronous model of [1], based partly on [3].

2. Asynchronous Interference Model

The link-level interference model defined in [1] comprises the components summarised in Table 1. In more detail, the model specifies 3 discrete co-channel interferers, each independently faded according to the specified multipath intensity profile, plus one similarly configured adjacent channel interferer. Residual co- and adjacent channel interference is generated by shaping a normally-distributed uncorrelated noise process through the 8-PSK linear modulation filter 
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 specified in Section 3.5 of [2].

	Interference Component
	Identifier
	Configuration
	TSC

	1st co-chan. interferer
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	Faded, modulated
	Random, no TSC0

	2nd co-chan. interferer
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	Faded, modulated
	Random

	3rd co-chan. interferer
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	Faded, modulated
	Random

	Residual co-chan. interference
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-shaped power spectrum
	N/A

	1st adjacent-chan. interferer
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	Faded, modulated
	Random

	Residual adj-chan. interference
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	N/A


Table 1 – Summary of reference link-level interference model (from [1]).

In order to minimize the simulation effort, it seems desirable that any extensions of this model to the asynchronous case should made with as few changes as possible.
 However, two additional elements seem essential:

a) generation of different relative delays between the desired signal burst and the interfering bursts, where the desired and interfering bursts are constructed according to the GERAN specifications, and

b) modeling of the fractional loading applied at the system level and therefore the intermittent nature of the link-level interference processes, and the variation in interfering signal power between timeslots due to downlink power control.

3. Relative Burst Delay Specification

As shown in detail in Figure 2, it is proposed therefore that in the asynchronous case each discrete multipath faded interferer in Table 1 (i.e. 
[image: image10.wmf]1

i

, 
[image: image11.wmf]2

i

,
[image: image12.wmf]3

i

 and 
[image: image13.wmf]a

i

) be represented (see [3]) by two distinct bursts labeled 
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 are immediately adjacent, and the position of both bursts is defined by the relative delay 
[image: image18.wmf]x

i

t

 of the start of burst 
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 with respect to the start of the desired burst (defined as commencing at delay 
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An important goal of permitting the relative delay of each interferer to vary with respect to the desired burst, is to identify any relative delay configurations that potentially lead to poor receiver performance. Accordingly, the method for specifying the relative delay of each interferer should a) ensure that as much of the range of relative delay combinations are covered as reasonably possible in a finite-duration simulation, and b) relative delays should be correlated over time, to permit problematic combinations of delay (if any) to be identified.

One approach would be to cyclically vary the delay of each interferer modulo the burst duration 
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.  An alternative and potentially simpler approach, however, is to generate the relative delay 
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 of each interferer as a uniform random variable over 
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, updated at interval 
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 that is frequently applied in GSM system field performance assessment is 4 power control intervals (i.e. 4x480ms ~= 2 seconds), and accordingly, this value is proposed here.

It is also proposed that 
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 be quantized at twice the symbol rate, and therefore – since 
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 corresponds nominally to 156.25 symbols
 – 
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 for each interferer be specified as a uniformly distributed random variable over the number of half-symbol intervals in the range 
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The residual co-channel and adjacent channel interferers are defined, as before, as continuously modulated and normally distributed white noise processes shaped by the 
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 filter. They have no associated burst structure.

4. Burst Structure Specification

The GERAN specifications do not completely define all aspects of the burst structure transmitted by the base station, and accordingly some further clarification of a reference burst structure is required for the purposes of simulation alignment. The following issues are relevant (as originally discussed in [3]):

a) Phase continuity – the GSM specifications do not define the relative phase of the transmitted burst between bursts on the same physical channel. Accordingly, it is proposed that for each discrete interferer the phase reference for burst 
[image: image31.wmf]1

b

 be offset by a randomly-generated phase change 
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  with respect to the reference phase of burst 
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, where 
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 is independently and uniformly distributed over 
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. It is also proposed however, that the channel model applicable to bursts 
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 of interferer 
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 be the same, subject of course to updating of the channel impulse response with time over the duration of bursts 
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 and 
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b) Guard period symbol sequence – the signal transmitted by the BTS during the burst guard period is not specified by the GERAN specifications, and such sequences are generally manufacturer-specific. It is therefore proposed that the interfering burst guard periods be populated with independent, uniformly-distributed random symbols.

c) Time slot power ramping – power ramping must be applied to the frequency-hopping layer, but again such ramping profiles are generally manufacturer-specific. Accordingly, it is proposed that any power ramping profile that complies with Figure B.1 of 3GPP TS 45.005 [5] may be used.

	Identifier
	Value

	Time Slot Scheme
	156.25 symbol burst duration

	Guard Period Symbol Sequence
	Independent, uniformly distributed random symbols

	Time Slot Power Ramping
	Compliant with 3GPP TS 45.005 Figure B.1

	Inter-Slot Phase Continuity
	Successive observed bursts from same interferer subject to uncorrelated phase change uniformly distributed over 
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Table 2 – Summary of simulated burst characteristics.

5. Interfering Burst Power Specification

The power variation between bursts 
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 of each interferer (due to differential power control settings between timeslots), and the intermittent interference activity pattern (due to fractional frequency loading) are important aspects of the link-level model at the frequency-hopping layer.

Concerning the intermittent nature of the interference, it is proposed that for each discrete interference source (i.e. 
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) bursts 
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 be subject to independent Bernoulli trials with probability 
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 that burst 
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 is active and probability 
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 that the burst is inactive. If either burst 
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 or 
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 are determined to be inactive, it is not applied as an interferer to the desired burst. The  burst activity factor 
[image: image55.wmf]q

 is specified as 
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 where 
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 is the fractional frequency load and 
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 is the logical channel DTX activity factor.

Similarly, as stated above, in most cases the interfering signal powers observed from a single source will change between bursts 
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 or 
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. This effect can be approximated by observing the distribution of the downlink power control process observed at each base station. More specifically, if the distribution of the base station power control gain is 
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, then since (to a first approximation) the power control process on consecutive timeslots is independent, and the effect of power control variation between burst 
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 can be modeled by applying independent draws from the power control gain distribution 
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 to the instantaneous interfering signal channel impulse response. Obviously, however, the power control gain applicable to each interfering burst is constant over the 480ms power control interval.

Accordingly, it is proposed that in each 480ms interval gains 
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 applicable respectively to interfering bursts 
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 and 
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 are drawn independently from 
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An example power control gain distribution 
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, drawn from a simulation of reference system configuration #2 at 40% loading (using the power control algorithm proposed in [6]), appears in Table 3 and is proposed for use in the SAIC study. Note that the distribution is normalized so that the mean power gain is unity and the dynamic range is restricted to 14dB.
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	1.90
	2.77
	0.1393

	1.20
	0.77
	0.2439

	0.75
	-1.22
	0.1841

	0.48
	-3.22
	0.1194

	0.30
	-5.22
	0.1244

	0.19
	-7.22
	0.0647

	0.12
	-9.22
	0.0597

	0.075
	-11.22
	0.0547


Table 3 – Power control gain distribution 
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6. Performance Assessment

As for the synchronous case, one figure of merit for link-level performance assessment is logical channel FER vs. 
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, and such a metric is applicable here.

Note also that in defining the ratio 
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, the power of the discrete interference terms comprising the interference term 
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 should be modified to reflect the intermittent nature of those interferers. That is, if the mean power level associated with interferer 
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, then the interference power contributed by 
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 to the total interference power 
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 is defined to be 
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. Such a normalization is not required for the power control process since it is already normalized for unity insertion loss.

7. Model Summary

In summary, the proposal is to simply take the link-level interference models already defined for the synchronous case and modify the discrete interference sources (i.e. 
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) by:

a) updating the relative delay of each discrete interferer once every 4 power control periods (i.e. 4x480ms) where the delay is uniformly distributed over the burst duration, and

b) varying the power of the adjacent interfering bursts by application of a simple binomial process (applied every burst) and a power control process (updated every power control period, i.e. 1x480ms).

8. Example Link Performance

Figure 1 shows an example of simulated long-term FER vs. C/I performance for an exemplary SAIC receiver using the model described above operating on the TCH/FS logical channel. Further results will be presented once the asynchronous model is completely specified.
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Figure 1. Example of SAIC vs. conventional receiver performance for 
proposed asynchronous link model.

9. Conclusions

This document proposes a basis for addressing the issue of asynchronous network operation at the link-level through extension of the already adopted synchronous interference model. The proposed model does not capture all aspects of asynchronous interference, and more complex models could certainly be defined. However, by defining fairly straightforward extensions to the existing synchronous model, the proposal offers a reasonably efficient means of addressing link-layer asynchronous SAIC receiver performance. Ideally, such an assessment would complement companion system simulation results.
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Figure 2. Asynchronous interference model. 





































� Clearly, there are trade-offs between the complexity and accuracy of the interference model. This proposal summarises only one possible approach; there are others.


� In more detail, the timing reference could, for example, correspond to the start of the useful part of the burst as specified in 3GPP TS 45.004.


� It is recognised that alternative burst timing structures (e.g. combinations of length-156 and length-157 bursts are used in practice – see � REF _Ref29114559 \r \h ��[4]�) but in the interests of simplicity, the use of a single length-156.25 burst is proposed here. See Section � REF _Ref41804942 \r \h ��4�.
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