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On the Modelling of Asynchronous Scenarios for SAIC

1  Introduction 

Current performance investigations on SAIC are related to synchronous network operation. In order to evaluate the performance of SAIC more generally for a given GSM network, asynchronous network scenarios have been defined at the GERAN SAIC Workshop#1 [1]. This contribution addresses the issue of modelling asynchronous network environments for SAIC link level evaluations and presents a proposal for a method to achieve the SAIC link level model in asynchronous networks.

In particular section 2 contains the rationale for this approach, section 3 then gives a description of the proposed model, and section 4 draws the conclusions.

2  Rationale for Approach

The rationale for the approach taken is to simplify the modelling of SAIC in asynchronous GSM networks. In fact interferer statistics gained in asynchronous network scenarios are rare due to the fact that asynchronous network simulators are widely not available. Therefore the approach taken here is to extend the SAIC link level model for synchronous networks defined at the GERAN SAIC Workshop#2 [2] by means of additional statistics gained in synchronous network scenarios and to feed them into the link level simulations for asynchronous scenarios. The model is based on a former contribution from Motorola [3]. Hence this approach has the advantage, that the interface between link and system level can remain identical to that for synchronous networks.  In other words, the asynchrony is merely considered at link level with the configured traffic load. 

3  Description of Interferer Model

In the following we describe the proposed interferer model, that is believed to be suitable in order to simulate the link performance for SAIC in asynchronous network scenarios. The proposal is based on the interferer link level model defined at the GERAN SAIC Workshop#2 [2] and can be considered as an extension of this model for synchronous network scenarios. The extension of the interferer model is required due to the fact that the wanted downlink signal in asynchronous networks is generally interfered by two downlink interferers in adjacent timeslots belonging to the same interferer source, i.e. to a neighbour BTS. This means that the power level from that interfering cell can change during the reception window of the wanted signal. Suppose an unsynchronised network with 3 cell sites in the network with reuse 1/3. Then the wanted signal from the serving cell is interfered by cochannels of both other non-synchronised cells BTS i1 and BTS i2. This is depicted in Fig.1. The interference superposition at the receiving mobile leads to different interfering burst sections. This interference superposition is performed in the link simulator.  Consequently the model is related to the description of the interferer statistics as seen by the receiving mobile. 

In particular the model consists of the following three extensions:

· including the time offset of the interferer source with regard to the wanted signal,

· including the relationship between the power levels of the first and second timeslot of the asynchronous interferer source and

· including the TSC and the frequency offset of adjacent timeslots of the asynchronous interferer source.

These extensions are described in the sections below in more detail.
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Fig.1: Interference superposition in asynchronous network scenarios.

3.1  Interferer Time Offsets

As mentioned above, in asynchronous network scenarios we need to define the interferer time offsets 
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 for each interferer source. This can be described by the interferer time offset model according to Eq. 1
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((Nsym)
in  (100- t) % of the bursts,

where t identifies the percentage of bursts that are synchronously received to the wanted signal, due to the fact that the interfering BTSs are at the same site and intrasite BTS synchronisation is assumed and where ((Nsym) is a distribution that takes into account the timeslot duration and identifies for instance a uniform distribution with mean 0, time width of 
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 symbols and a resolution of e.g. ¼ symbol. Note, that 
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 is determined for each new TDMA frame per interferer source. The parameter t is obtained through network simulations for the individual defined scenarios and for each individual interferer source as depicted in Tab.1 in section 3.4. However it can be approximated by analysis of synchronous networks scenarios.
3.2  Interferer Power Levels

In order to keep the interferer power model symmetric for the first and the second timeslot of the interferer source as far as possible, the synchronous interferer model for the defined synchronous network scenarios [2], including Nco explicite cochannel interferers and Nadj explicite adjacent channel interferers and operating on burst level, is here applied to the major timeslot interferer for each interferer source. The major timeslot interferer is defined as  the timeslot which has the major time overlay on the wanted signal, no matter whether this is the first or second timeslot of the interferer source. This means the major timeslot interferer with power level I,maj is dependent on the actual time offset 
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 according to Eq. (2)

     T < Nsym / 2  , 
major timeslot interferer is the second timeslot and          (2)

     T  >= Nsym / 2  , 
major timeslot interferer is the first timeslot.

Concerning the interferer power level of the remaining interferer, i.e. the minor timeslot interferer with power level I,min , it is then derived from the power level I,maj of the major timeslot interferer. In fact the power level of the minor timeslot interferer is a function of the DTX status of that link, the position of the mobile in the cell if downlink power control is active and of the frequency load FL. For instance if no downlink power control is applied and both timeslots are in transmitting mode then the interferer levels in adjacent timeslots from the same BTS have the same interferer power level. However in general both power levels are more or less statistically independent of each other. Thus the power level I,min of the minor timeslot interferer can be determined according to the interferer power level model in Eq. 3
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I,maj  *  (
in  (100 - p) % of the bursts,

where p identifies the percentage of bursts that have no power at all due to DTX status or idle channel status and where ( is a still unknown distribution which takes into account the downlink power control range and thus indirectly the frequency load. Both parameters p and ( are obtained through network simulations for the individual defined scenarios and for each individual interferer source as depicted in Tab.1 in section 3.4. In particular this can be achieved by logging power levels of adjacent timeslots of the interferers in synchronous network scenarios. In this way both parameters may also be gained by running network simulations in synchronous mode.

Residual cochannel and adjacent channel interferers are modelled in the same way as for synchronous network scenarios.
3.3  TSC and Frequency Offset of Interferers

The TSC as well as the frequency offset of the minor timeslot interferer have the same value as that for the major timeslot interferer of the same interferer source. Furthermore there is no discontinuity in the channel impulse response of the major and minor timeslot interferer of the same interferer source.
3.4  Overview of Model Parameters

The parameters for the asynchronous SAIC interferer model are listed in Tab. 1 for each interferer source according to the defined synchronous interferer model [2].

	Interferer source
	Parameter
	Description

	First cochannel 

interferer CCI_1
	ICCI_1,maj
	power level of the major timeslot interferer 

	
	ICCI_1,min
	power level of the minor timeslot interferer

	
	TCCI_1
	interferer time offset 

	
	tCCI_1
	percentage of bursts with no interferer time offset

	
	pCCI_1
	percentage of bursts with no power

	
	( CCI_1
	distribution of the power difference between minor and major timeslot interferer 

	Second cochannel interferer CCI_2
	ICCI_2,maj
	power level of the major timeslot interferer 

	
	ICCI_2,min
	power level of the minor timeslot interferer

	
	TCCI_2
	interferer time offset 

	
	tCCI_2
	percentage of bursts with no interferer time offset

	
	pCCI_2
	percentage of bursts with no power

	
	( CCI_2
	distribution of the power difference between minor and major timeslot interferer 

	Third cochannel interferer CCI_3
	ICCI_3,maj
	power level of the major timeslot interferer 

	
	ICCI_3,min
	power level of the minor timeslot interferer

	
	TCCI_3
	interferer time offset 

	
	tCCI_3
	percentage of bursts with no interferer time offset

	
	pCCI_3
	percentage of bursts with no power

	
	( CCI_3
	distribution of the power difference between minor and major timeslot interferer 

	Residual cochannel interferer CCI_r
	ICCI_r
	power level of residual cochannel interference

	First adjacent channel 

interferer ACI_1
	IACI_1,maj
	power level of the major timeslot interferer 

	
	IACI_1,min
	power level of the minor timeslot interferer

	
	TACI_1
	interferer time offset 

	
	tACI_1
	percentage of bursts with no interferer time offset

	
	pACI_1
	percentage of bursts with no power

	
	( ACI_1
	distribution of the power difference between minor and major timeslot interferer 

	Residual adjacent channel interferer ACI_r
	IACI_r
	power level of residual adjacent channel interference


Tab.1:  Parameters for the asynchronous SAIC interferer model.

4  Conclusions  

This contribution has discussed extensions to the synchronous SAIC interferer model for developing a SAIC interferer model for asynchronous networks. The approach taken has the advantage that merely synchronous network scenarios need to be analysed in more detail and the asynchrony needs only be considered at link level creating similar look-up tables for system simulations as in the synchronous case. 

However if this approach is agreed, consensus on the model parameters listed in Tab.1 and their explicit values must be found between the contributing companies. Alternatively a work split could be taken, in that each contributing company defines those parameters for one specified asynchronous scenario. 
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