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Network Level Simulation Scenarios 

and Assumptions for SAIC 

1 Introduction

It has become evident that a top-down approach is needed when evaluating the feasibility and requirements of Single Antenna Interference Cancellation (SAIC) in GERAN [1]. This is because SAIC brings much more dimensions and variables to the receiver performance evaluation compared to conventional receivers and to get this new information, system level scenarios need to be considered first. After defining the system level scenarios, the typical link level test conditions can be agreed. With proper modeling of the interface between link and system level simulations, also the network level capacity benefit of SAIC can be evaluated.

Average carrier versus noise and interference ratios is not enough to describe the conditions in the network. The characteristics of the interfering signals in the network play the key role. Realistic burst-level interference patterns must be used, and the Dominant to rest of Interference Ratio (DIR) is the most important new quantity to be taken into account. Best way to get access to this kind of new data is to perform dynamic network level simulations in some typical pre-defined scenarios. 

This contribution proposes some default scenarios and models for SAIC evaluation, including necessary parameters and assumptions. 

2 Overview of the system level scenarios

The system level scenarios should represent a typical GERAN network at the time frame when operators start to deploy SAIC MSs in their network. As mentioned earlier, the most important network characteristics is the interference pattern which should be as realistic as possible. Some of the main issues affecting to interference pattern are listed below:

· Frequency Hopping scheme

· Reuse (also adjacent channel reuse) and cell radius

· Regularity of the network (different cell sizes, different number of TRXs per cell, hotspots) 

· Propagation conditions, including network topology (street corner effects, shadowing from buildings/hills etc.)

· Power Control scheme

· Channel coding, mainly if quality-based PC is used; schemes with less coding requires higher transmission powers

· Proportion of 8-PSK vs. GSMK modulation in the network

· Penetration of different MSs/bearers in the network

· SAIC MS penetration: power levels, higher tolerated load/interference for  SAIC MSs, but the non-SAIC MS must survive also

· Packet Switched Connections GPRS and EGPRS => short connections, asymmetry, bursty traffic, multiplexing of several users on the same time slot, often lack of DL PC

· Legacy non-AMR (mainly EFR) mobiles: higher Tx Powers, less robustness

· Level of synchronization in the network 

· Mobility: speed distribution of the mobiles affects the interference pattern

It is clear that it is impossible to cover all the aspects presented above and we must define few default scenarios that would still catch the most important effects. Dynamic system level simulations (preferably at burst level) are needed, although also network trials and measurements can be of great help.

We should focus (at least in the beginning) on the following effects

1) Reuse, FH, PC

A. Typical frequency hopping network with fractional loading (1/1 reuse with one long MA list and MAIO Management scheme to avoid collisions inside sectors/site). Signal level+quality based PC. 

B. Typical non-hopping network (reuse 4/12). Signal level+quality based PC

C. OPTIONALLY/LATER: BCCH layer scheme (full DL transmission always, no hopping, reuse 4/12)

2) Network layout

A. Regular hexagonal macro cell scheme (3-sector sites)

B. Micro cell (Manhattan) scheme – to catch the street canyon and street corner effects and the “irregular” reuse

C. OPTIONALLY/LATER: Irregular macro cell scheme, where the site locations are “shuffled”

3) Services

A. Speech-only GMSK FR NB-AMR network with fixed AMR coding, e.g.

· AMR7.4
AMR12.2/EFR
AMR5.9

B. Same as A. but with added 8-PSK interference

· Part of the MS use 8-PSK (25%, 50%)

C. OPTIONALLY/LATER: Mixed Speech+(E)GPRS case

· 25% GSM speech, 25% EDGE speech, 25% GPRS, 25% EGPRS

4) Synchronization

A. Totally synchronized

B. Site synchronized

5) SAIC penetration

A. Some suitable range, e.g. {0,25,50,75,100}%

3 Some scenario details

3.1 Network layout

We propose to use the macro and micro cell scenarios already defined and agreed in [2]. The scenarios are shown in Figures 1 and 2 below.
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  Figure 1. Macro cell model .

    Figure 2. Micro cell model.

The macro cell figure above shows also the pathloss values. Micro cell figure shows also the coverage area of the central cell (to illustrate the very different propagation environment compared to macro cell).

The macro cell model is the standard hexagonal model. Network consists of 75 pieces of hexagonal cells. Sectors have directional antennas with 3 dBi beamwidth of 65 degrees
. Mobiles are moving with random trajectories and can change their direction at certain intervals with 45( maximum angle.

The micro cell model has the following properties (see more details from [1]):

· 72 cells with omnidirectional antennas of 15 meters height along the street canyons

· Street width 30 meters, 6,5 km2 total area

· 132 pieces of 200x200 m building blocks

· A UMTS vehicular mobility model (mean speed 3 km/h, normally distributed with std of 0.3 km/h)

· A sophisticated propagation model which takes diffraction into account

The regular and homogenous structure of the standard macro cell environment may results to some effects that do not exist in the real network. For example, the frequency planning can be made too optimally in the regular case. That is why it might be beneficial to run some cases also in an irregular scenario. In such a scenario at least the site locations are irregular, but preferably also the number of TRXs and estimated traffic vary between cells. Although more difficult to specify and simulate, this kind of configuration might reveal important effects compared to the regular case. Figure 3 presents an example of this kind of scenario [3].
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Figure 3. An example of an irregular scenario.

In all the scenarios it should be verified that the scenario is large enough to provide enough potential co-channel interferers, since DIR is very much influenced by that. The default 75 cell scenario is too small for large reuse schemes. When collecting the DIR statistics for link simulations, central cells must naturally be used to minimize border effects.

3.2 Main simulation parameters

Some of the proposed main simulation parameters are listed in Table 1.

	Parameter
	Value
	Unit
	Comment

	Frequency band
	900
	MHz
	For system simulations, one frequency is enough.

	Spectrum 
	2.4
	MHz
	Excluding BCCH. 

	Reuse
	4/12 for non-hopping
	
	

	
	1/1 for hopping
	
	

	Frequency hopping
	Random RF
	
	

	Sectors (cells) per site
	3
	
	

	Sector antenna pattern
	UMTS 30.03 [1]
	
	

	Cell radius
	1000
	m
	

	Propagation model
	UMTS 30.03 [1]
	
	Pathloss exponent 3.67

	Log-normal fading 
	standard deviation
	6
	dB
	

	
	Correlation distance
	110
	m
	

	Adjacent channel interference attenuation
	18
	dB
	Only 1st one considered

	Handover margin
	3
	dB
	

	Mobile speed
	3
	km/h
	50 km/h optionally

	Call length
	120
	sec.
	60 sec. optionally. Exponential distribution, Poisson arrivals.

	Voice codec
	AMR 7.4
	
	12.2 and 5.9 optionally

	Voice activity
	60%
	
	Includes SID signalling.

	DTX
	Enabled
	
	

	Link adaptation
	Disabled
	
	

	BTS output power
	20
	W
	Not very relevant, just to provide enough coverage.

	Power control
	RxQual/RxLev
	
	Optionally no PC

	Noise floor
	-111
	dBm
	

	SAIC MS penetration
	{ 0,25,50,75,100 }
	%
	


Table 1. Main simulation parameters.

3.3 Output from the simulations

Simulations are run until the point where 95% of the users are satisfied. The criteria for user satisfaction is such that average downlink FER during the call has been less than 1%. Call blocking level should not exceed 2%. 

4 Interface between link and system simulator 

Current state-of-the-art mapping between system level and link level simulator is the two-stage statistical mapping [4], where burst-level CIR samples are first mapped onto raw BER/BEP values. Then, is the second stage, the mean (and variance) burst raw BER values over the interleaving period are mapped onto BLEP/FEP (Block/Frame Error Probability). Typically in GSM/EDGE simulations, two 1st stage mapping tables are needed (one for GMSK and one for 8-PSK) and then a separate 2nd stage mapping table for each simulated coding scheme.

This mapping method has been widely used it has been tested to provide accurate enough results. However, for SAIC, more dimensions are needed in the first step (second step can be assumed to be unaffected). As mentioned in Chapter 1, average C/I ratio is not enough to determine SAIC performance. A simple, straightforward and accurate SAIC mapping is to add DIR as a new argument to the CIR->BER function:

BER = f(C/I)
=> BER = f(C/I, DIR)

An exemplary (CIR,DIR)->BER  mapping is presented in 
Figure 4
. NOTE: the curves are presented for illustration only and do not reflect true SAIC performance.
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Figure 4. An example of the (CIR,DIR)->BER mapping for SAIC. Left: curves with constant DIR, right: BER colour plot on the (CIR, DIR)-plane. Results for illustration purposes only.

In this method, it is important that the same definition of DIR is used in both system and link level. Also, when calculating DIR, some specific cases must be handled with care. These special cases include e.g.

· Handling of negative DIR values

· DIR value when only single interferer is present (DIR not ( in this case, but equal to I/N)

· Cases where the DIR is high, but the dominant interferer is only slightly above the noise level

· Cases where the DIR is high, but the dominant interferer is below the noise level

See discussion about CIR and DIR definition and analysis of typical DIR values in [5].

5 Conclusion

This document discussed the network simulation models and assumptions when evaluating SAIC feasibility and performance. The importance of accurate and descriptive burst level interference patterns was emphasized. Some default network simulation models and parameters were proposed, together with a model of the link and network simulation interface.
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� UMTS 30.03 proposes 90(  beam width, but 65(  is preferred for performance reasons.
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