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Working assumptions for capacity estimation for SAIC in unsynchronised networks 
1 Introduction

This document contains agreed working assumptions for the estimation of system capacity in unsynchronised networks for the purpose of the SAIC feasibility study [1].

2 Methodology

The following approach is used for capacity estimation in unsynchronised networks:

· Use a statistical link level model including delay offsets, burst power and structure etc. (cf. section 3)

· Make link to system level mapping tables using simulations of the statistical link level model. (cf. section 4)

· Simulate network capacity using developed mapping tables and standard (synchronised) system simulators. (cf. section 5)

3 Link level model

The link level model is based on the agreed model for the synchronised case, with some modifications. This model consists of three discrete co-channel interferers, one discrete adjacent channel interferer, one residual co-channel interference source and two residual adjacent interference sources (one at +200 kHz and one at –200 kHz) [1]. 

The residual interference sources are modelled as for the synchronised case. The discrete interferers are modelled as for the synchronised case, with the differences listed in the remainder of this section.

3.1 General burst structure

Each discrete interferer has the burst structure shown in Figure 1. The middle burst of the interferer is referred to as the main burst. On each side of the main burst, there is an adjacent burst (sent in an adjacent timeslot from the same BTS). The interferer is shifted relative to the desired signal. Due to this, one of the adjacent bursts is shifted into the receive window.

Note: The adjacent burst not shifted into the receive window need not be modelled.
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Figure 1. Interferer burst structure.

3.2 Time offset

Each discrete interferer has a time offset relative to the desired burst, with the following distribution:
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where

tmax represents one full slot length (156.25 symbols), and the uniform distribution is using e.g. ¼ symbol resolution of the timing offset; and
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represents the percentage of time the interference is from the same site. One value of 
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will be used for each configuration. For configurations 1 and 4, 
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3.3 Power control

Power control is not applied to the main burst.

Power control is applied to the adjacent burst by multiplying it with a coefficient A. The distribution of A is given in Table 1 (A is given in a dB scale). It has an expected value of 1 (in the linear domain).

	Gain

10*log10(A)
	Probability Density Function

p(A)

	-18
	0.0058

	-16
	0.0222

	-14
	0.0338

	-12
	0.0503

	-10
	0.0695

	-8
	0.0937

	-6
	0.1335

	-4
	0.1487

	-2
	0.1362

	0
	0.1024

	2
	0.0763

	4
	0.0541

	6
	0.0367

	8
	0.0242

	10
	0.0106

	12
	0.0019


Table 1 – Power control gain probability density function.

3.4 Phase transition

The main burst and the adjacent burst shall use the same multipath channel. The adjacent burst shall have a phase shift Φ  relative to the main burst, with the following distribution:
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Note: The power control and the phase shift can be modelled in one step by multiplying the adjacent burst with 
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3.5 Guard period and power ramping

There shall be a guard period between the main burst and the adjacent burst. A power ramping that fulfils the time mask defined in annex B of 45.005 shall be used. If anything is transmitted during the guard period, random symbols shall be transmitted. It is also allowed to not transmit anything during the guard period.
3.6 DTX

DTX is not applied to the main burst.

For the adjacent burst, there are two options:

1. DTX applied
The adjacent burst is present with 60% probability and absent with 40 % probability.

2. DTX not applied
The adjacent burst is always present.

With option 1, the average power level of each discrete interferer shall be increased to compensate for the reduced interferer energy by multiplying the signal by a factor sqrt(5/4) for configurations 1 and 4 and sqrt(25/21) for configurations 2 and 3. This is done for both the main and the adjacent burst and regardless of the actual number of bursts that were absent at a particular time instant.

Note: For configurations 1 and 4, where 
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, on average half of the desired burst is covered by the main burst (that is present with 100% probability) and half by the adjacent burst (that is present with 60% probability), the energy will on average be (0.5*1+0.5*0.6)=4/5 of the energy without DTX. Multiplying the amplitude of the interferer with sqrt(5/4) will make the average energy of the interferer the same with option 1 and option 2. For configurations 2 and 3, where 
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, on average 60% of the desired burst is covered by the main burst, and the energy will on average be (0.6*1+0.4*0.6)=21/25 of the energy without DTX.

3.7 Correlation

The random parameters described in this document are un-correlated between different interferers and between different time instants (corresponding to different bursts of the desired signal).

4 Link to system mapping

The link to system is a two step model based on the Olofsson model. In the first step, the model maps the burst C/I and the burst DIR to the burst BEP. In the second step, the burst BEP values of one speech frame are mapped to a frame error probability.

4.1 Definition of C/I

The burst C/I is defined as in the synchronised case, i.e., the energy of the desired burst divided by the total interference energy during the receive window.
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4.2 Definition of DIR

The burst DIR is defined as the energy of the dominant interferer divided by the energy of all other interferers plus noise.
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The energy of an interferer is calculated as the energy during the receive window, i.e., the interferer energy that the desired burst is exposed to. This is illustrated in Figure 2. Interferer 1 shows an example where the main burst is shifted to the left (Toffset<0). The adjacent burst is not in DTX and has a higher power than the main burst due to power control. The interferer energy is calculated as the parts of the main and adjacent bursts that are in the receive window (within the dotted box). Interferer 2 is an example where the adjacent burst is in DTX. The interferer energy is only the part of the main burst that is within the receive window. Interferer 3 and 4 show examples where Toffset=0 and Toffset>0, respectively.

The energy is calculated before the receiver filter. The energy of an adjacent channel interferer is the energy before the receiver filter minus 18 dB (i.e., an ACP of 18 dB is assumed). 

The dominant interferer is defined as the interferer having the largest energy according to the definition above.
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Figure 2. Illustration of definition of interferer energy.

Note: In addition, an alternative definition may optionally be considered. With this option, the interferer energy is the energy of the whole main burst, regardless of Toffset, DTX and PC of adjacent burst.

5 Network simulations

Network simulations are performed with a synchronous network simulator.

5.1 Capacity measure

Two options for capacity estimation are defined, which are also applicable to synchronous networks. Results may be reported for either option, or for both.

Option 1: The speech quality is measured over periods of 1.92 seconds (i.e., four SACCH periods). The speech quality (of one particular link) is considered satisfactory during the period if the frame erasure rate (FER) is not higher than 2%. The network capacity is defined as the network load at which the speech quality is satisfactory in X% of the measured 1.92 second periods.
Option 2:  The speech quality is measured over the duration of one call. The speech quality is considered satisfactory if the FER is not higher than 2% (the user is said to be satisfied). The network capacity is defined as the network load at which X% of the users are satisfied.

Results shall be presented for X=95% and X=98%.
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