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Draft text for SAIC feasibility study Section 5

In this contribution a draft proposal for section 5 of the SAIC (Single Antenna Interference Cancellation) feasibility study is presented. The proposal is intended as a starting point for the actual section in the feasibility study. 

5    Link level modelling

5.1 Introduction

When assessing the link and system level performance it is important to base the performance investigations on realistic link level models. Especially for SAIC receivers previous studies have demonstrated that the SAIC link level performance for the same interference level will vary significantly for different link level models [GP-030276]. Therefore a lot of work has been ongoing in the SAIC feasibility study to define realistic models and the outcome of this work is recaptured in this section. 

Defining realistic link level models is clearly impossible without investigating the interference statistic seen by mobiles when operating in different network scenarios. Thus an important part of the modelling work has been analysis of network traces generated by network simulators for the four different network configurations defined in section 4. 

To types of link level models have been derived one for synchronous network configurations and one covering asynchronous networks. The latter is an extension of the model derived for synchronous networks taking effects as delay, power control, DTX etc into account.
5.2 Interference statistics

In GSM/EDGE the performance of the mobiles in interference limited scenarios have traditionally been evaluated for a single interfering signal at a high input level where the sensitivity performance of the mobile will have no or very little influence. This can be described by the conventional CIR (Carrier to Interference Ratio):
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where C is the power of the carrier, I the power of an interfering signal (co- or adjacent channel interference) and N0 the thermal noise. Although widely used, for evaluation, this ideal one interferer scenario happens very rarely in practice especially when the network is high loaded. When using e.g. AMR a high frequency load can be expected and consequently the mobiles will receive interference from a number of base stations at the same time. This can easily be introduced in the above definition of the CIR: 
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Ik can be both co- and adjacent channel interference (for the adjacent channel interference a realistic ACP (Adjacent Channel Protection) shall be used e.g. ACP=18dB). 

For a small number of interfering base stations the performance of a conventional receiver will be identical for the two definitions, but for a SAIC mobile the performance (interference cancellation capability) will depend upon the distribution of the interferer powers. An initial, simple measure of the distribution is the power of the rest of the interferers. The ratio can be described by the DIR (Dominant to rest of Interference Ratio):
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where Imax is the dominant of the interfering signals (co- or adjacent channel interference). When only a single interferer is active, as in the standard interference test case in 45.005, then the DIR will be identical to the I/N0 of the received interfering signal. Although the standard interference test case is widely used it has been demonstrated in a number of contributions that this test case does not reflect a realistic scenario for a SAIC mobile [GAHS-030017][ GAHS-030018][ GAHS-030022].

In [GAHS-030008] a new measure called DIR2 was introduced in the link level modelling discussion. The DIR2 measure is defined as:
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and basically it can be used to investigate the validity of using a simple two cochannel interferer model when evaluating the SAIC link level performance. In TSG GERAN #13 the DIR2 measure was included in a number of studies and the initial conclusion was that more than two cochannel interferers are needed in the SAIC link level model [GP-030159, GP-030276]. 

In Figure 1-Figure 3 examples of interferer statistics for network configuration 2 can be seen
. Clearly the figures demonstrate how the interferer statistic in a network is much more complicated that the single interferer scenario currently tested in 45.005. The DIR and DIR2 statistics clearly demonstrate the need to define link level models having multiple interferers.
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	Figure 1. The CIR cdfs observed by a MS operating in network configuration 3 [GAHS-030017].
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	Figure 2. The DIR cdfs observed by a MS operating in network configuration 3 [GAHS-030017].
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	Figure 3. The DIR2 cdfs observed by a MS operating in network configuration 3 [GAHS-030017].


5.3 Synchronous link level models

Early link level investigations for SAIC demonstrated a higher link level gain when using a synchronous compared to asynchronous link level configuration. Consequently it was decided to develop link level models for both types of networks focusing initially on the synchronous mode
, which will be described in this section.

5.3.1 Interferer levels

Having identified the need to have multiple interferers in the link level model the necessary number of interferes and their levels have to be estimated. During the SAIC Adhoc #2 a procedure for the estimation was agreed based on investigations made in document [GAHS-030018] and [GAHS-030022]. From network traces the cdf of a number of co- and adjacent channel interferers plus the residual interference were derived. Examples of the cdfs can be seen in Figure 4 and Figure 5. In the estimation process only bursts having a CIR<10dB have been taken into account because SAIC algorithms are expected to have the largest link level gain for low CIR. The mean power level of each interferer were chosen as the observed median value i.e. for i2 in configuration 3 (see Figure 5) the power level is 4dB below the power level of the main interferer. The final agreed numbers are listed in Table 1, where the numbers for the adjacent channel interference is assumed measured after a receive filter having an attenuation of 18dB. Thus in the channel model the power level should be 18dB higher than shown in the table. For configuration 1 the values have been derived in [GP-031203], for configuration 2+3 the values were derived at the SAIC Adhoc #2 and finally for configuration 4 the values have been agreed as the average of the values from [GP-031289] and [GP-031203]. 
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	Figure 4. cdfs of interferer powers for estimation of link level model for network configuration 2 [GAHS-030024].
	Figure 5. cdfs of interferer powers for estimation of link level model for network configuration 3 [GAHS-030024].


For the modelling of residual co- and adjacent channel interferens an AWGN source is filtered using the 8PSK modulation filter (linearised GMSK pulse) specified in 45.004 section 3.5. The filtering is done to ensure the correct spectral properties. The residual adjacent channel interference is applied with half the power on each side of the carrier i.e. for configuration 2 two residual adjacent channel interferers being offset (200kHz from the carrier and having power level 0dB
 should be included. 

During the initial investigation of SAIC a number of companies have observed that the performance of most SAIC algorithms is degraded when the interferer has a TSC included compared to use to use the standard GMSK-modulated random sequence defined in 45.005 [GP-020822]. Therefore an important part of the link level modelling is to include TSCs for all except the residual interferers i.e. the interferers generally have a normal burst structure. Apart from the dominant cochannel interferer the TSC is taken from a uniform distribution including all eight TSCs defined in 45.002. In an optimized network it is expected that TSC collision to some extent can be avoided for the main interferer and therefore TSC0 is not included. 

When performing link level analysis the fading is an important part of the modelling and as can be seen in Table 1 all except the three residual interferers are subject to fading. Fading is not applied on the residual interferes because these are used to model interference from a number of BTSs each having independent fading. Thus the power variations of the residual interference will be small and are thus neglected in the link level model. 
	Link Parameter
	Configuration 1 
	Configuration 2 40% Load
	Configuration 3 70% Load
	Configuration 4

	Desired signal, C

TSC

Fading
	TSC0
	TSC0
	TSC0
	TSC0

	Dominant Coch. Interf.

TSC

Fading
	Random TSC excluding TSC0


	Random TSC excluding TSC0
	Random TSC excluding TSC0
	Random TSC excluding TSC0

	2nd Strongest Coch. Interf.

Ic1/Ic2

TSC

Fading
	10 dB

Random TSC
	6 dB

Random TSC
	4 dB

Random TSC
	9 dB

Random TSC

	3rd Strongest Coch Interf.

Ic1/Ic3

TSC

Fading
	20 dB

Random TSC
	10 dB

Random TSC
	8 dB

Random TSC
	17 dB

Random TSC

	Residual Coch. Interf.

(filtered AWGN)

Ic1/Icr

TSC

No Fading
	-

NA
	9 dB

NA
	5 dB

NA
	20 dB

NA

	Dominant Adj. Interf.

Ic1/Ia

TSC

Fading
	15 dB

Random TSC
	14 dB

Random TSC
	14 dB

Random TSC
	16 dB

Random TSC

	Residual Adj. Interf. 

(filtered AWGN)

Ic1/Iar1
TSC

No Fading
	20 dB

NA
	15 dB

NA
	14 dB

NA
	21 dB

NA


Table 1 Interferer levels for network configuration 1-4.

5.3.2 Delay distributions

Even in a synchronized network the mobile station will receive interference from the different BTSs at various delays due to the distance to the interfering sites. Although most SAIC receivers are expected to be robust to delays less than 10 symbols even small delays can affect the correlation properties between different TSCs and therefore the performance of both conventional and SAIC receivers. 

Based on network traces, modelling of delay in the synchronous link level models has been investigated by Motorola for the four network configurations. The outcome of these studies is the delay model summarized in this section. 

Using a delay resolution of 0.2 symbols, and the observation that delays in the four configurations are limited to the range [-2,+5] symbols, the discrete delay distribution can be approximated as:

1. for delay less than 0, for k=1 to 10, the probability 
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2. for delay greater than 0, for k=1 to 25, the probability 
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 of delay equal to 0.2k is:
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3. for zero delay:
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The parameters to be used for the different configurations can be seen in Table 2. 

	Configuration
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	Configuration 1 @2% blocking
	0.9
	0.7
	0.5602
	0.5
	2

	Configuration 2@40% 
	0.37
	0.09
	0.2157
	0.1274
	0.8555

	Configuration 3@70%
	0.7
	0.26
	0.4005
	0.1658
	0.7433

	Configuration 4@30%
	0.95
	0.25
	0.1106
	0.1874
	1.1742


Table 2 Summary of delay model parameters.

The model demonstrates that the carrier and the interferers often are synchronized when received by the mobile station. 

5.3.3 Frequency offset distributions

Frequency offset is inevitable in practical implementations and consequently also needed in the SAIC link level model [GP-032246]. Despite its importance the nature of the frequency offset seems to cause some confusion and has been discussed several times during the SAIC feasibility study. 

When a mobile station is connected to a BTS it is synchronized in frequency to this serving BTS. Therefore the mobile station will not detect if the carrier of this BTS is offset compared to a correct carrier frequency. Although synchronized some frequency jitter due to inaccuracy of the frequency estimation procedure will exist in practice. It has been agreed not to include this vendor specific frequency jitter in the model but clearly each vendor has to include their own model when performing simulations. 

The frequency offset has to be included for each of the three co-channel and the adjacent channel interferers having a value that includes the fixed offset of the serving BTS
. For each of these interferers the frequency offset will be varying on burst-by-burst basis due to frequency hopping and the fact that the interference in the model comes from a number of BTSs all having different offset. The mean value of these offsets is assumed to be 0Hz (plus the fixed frequency offset of the serving BTS
) and the standard deviation 33Hz. The frequency offset is modelled as a normal distribution N(100,33). 

5.4 Asynchronous link level models

Most of the SAIC link level modelling work done has been concentrated on development of link level models for synchronous network configurations. Although the highest SAIC gain is expected in synchronous networks, the majority of networks will, at least in the near future, still be running in asynchronous mode. Consequently, estimation of the expected SAIC capacity in asynchronous networks is seen as an important part of the SAIC feasibility study. 

An exact estimation of the network capacity requires a hybrid link and system level simulator taking all system and link level factors into account. In practice such an approach is not possible and instead a more simple solution splitting the system and link level simulations is used. The principle is to make a table of the link level performance as a function of factors like C/I and DIR. The system simulator will then use these values as the link level performance of the mobiles in the network. 

Even though the link level models developed for the feasibility study of SAIC in GERAN are very complicated the agreement so far has been that the performance still can be parameteri​sed by the burst wise C/I and DIR for synchronous networks. For asynchronous networks it would be natural to extend the number of parameters to include information about delay and scaling of the different interferers in order to have an accurate estimate of the capacity. But most system simulators available have been designed for synchronous network operation and updating these for asynchronous operation would be a major task. Therefore the agreement during TSG GERAN #15 was to use the standard system simulators and then restrict the handling of the asynchronism to the link level
. 

By using this simplified approach an estimation of the capacity in asynchronous networks requires the following, where obviously the modelling is a crucial part when estimating the capacity of asynchronous networks:

· Develop statistical link level model including delay offsets, burst power and structure etc. 

· Make link to system level mapping tables using simulations of the statistical link level model.

· Simulate network capacity using developed mapping tables and standard system simulators.

5.4.1 Burst structure

When operating in an asynchronous network the mobile will experience a more complex interferer environment than in a synchronous network due to the time offset and propagation delay between the different BTSs. The agreed way to model this is to use the interferer burst structure shown in Figure 6. 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, which is sent in an adjacent timeslot from the same BTS. The interferer is shifted relative to the desired signal and therefore one of the adjacent bursts is shifted into the receive window. Modelling is only necessary for the adjacent burst that is shifted into the receive window. 
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Figure 6. Interferer burst structure.

5.4.2 Time-offset modelling

Time-offset modelling is only needed for inter-site interference whereas intra-site interference can be assumed to be time-aligned with the carrier signal. This difference between inter- and intra-site interference can easily be taken into account by using the following equation to describe the time offset
 [GP-031524]:
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where tmax represents full slot length (156.25 symbols), and the uniform distribution is using ¼ symbol resolution of the timing offset. In this equation 
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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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 and for configurations 2 and 3, 
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 has been identified as realistic values.

5.4.3 Power control

When designing an asynchronous link level model an important issue is the modelling of the power variation between the different interfering bursts (main and adjacent interferer). Assuming the bursts are located within a frame, i.e. not at a frame boundary, then the bursts will be sent from the same BTS and therefore affected by nearly the same channel (pathloss, shadow and multipath fading). Despite this similarity in fading the received power level of the interfering bursts will in general be different due to power control and DTX operation.

Power control is not used on the main burst but only for the adjacent burst (see Figure 6) by multiplying it with a coefficient A. The distribution of A is given in Table 3 (A is given in a dB scale). It has an expected value of 1 (in the linear domain) to keep the average power level constant. 

	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 3 – Power control gain probability density function.

5.4.4 Phase transition

When different bursts are transmitted from a BTS on a physical channel the relative phase between these bursts are not specified and it cannot be guaranteed that the phase is continues. Besides the duration of timeslots will not always be 156.25 symbols but can also be either 156 or 157 symbols, which by the mobile will be seen as a phase discontinuity (see 45.010 section 5.7). To model these effects it has been decided to have a random generated phase change modelled as a random process uniformly distributed in the range 
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. The complex scaling formed jointly by the phase transition and the power control (described in section 5.4.3) can be considered as a change of channel conditions and can therefore be a challenge for some SAIC receivers. 
5.4.5 Guard period and power ramping

The symbols to be sent during the guard time between the different bursts are not covered by the specifications. Due to the power ramping applied between the bursts it is not expected that the guard symbols will have a major impact on the link layer performance. Therefore it has been agreed to use uniformly distributed random symbols. 

According to the specifications the basestations are only required to use power ramping when non-used timeslots are present i.e. the ramping will be used on the non-BCCH frequencies. No specific ramping function has been defined but the ramping should follow the time mask for normal bursts as defined in 45.005. To simplify the asynchronous link level modelling it is agreed to use power ramping on all bursts besides any ramp function can be used as long as it is compliant with the time mask from 45.005.

5.4.6 DTX

When deriving the original synchronous link level model DTX was taken into account in the network simulations and consequently also in the link level model. Because the asynchronous model have been derived from the synchronous model DTX will not be applied to the main burst (see Figure 6). 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.

In both cases the complex scaling described in section 5.4.4 is applied on the adjacent burst. Option 1 is expected to give slightly to positive performance figures because it does not take into account that when in DTX mode in a real network another interferer will pop up and cause interference. Option 2 on the other hand is expected to be very conservative because it does not use DTX at all. In practice it is expected that the performance will be in between the two extremes used in this feasibility study.

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. 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.

5.5 Summary

In this section the link level modelling used for assessing the SAIC performance gain has been described. The models developed during the SAIC feasibility study include a high number of parameters and are much more complex than conventional interference test cases. Consequently there is a considerable risk that the modelling will be done differently by the companies and this discrepancy can make it difficult to compare results between companies. In case SAIC will be standardized this is clearly an issue that needs to be addressed to ensure companies are using the same baseline for performance evaluation. 

Link level models have been derived for synchronous and asynchronous mode network configurations. The interference levels for the two setups are identical but the asynchronous model is modified to take effects like time offset, power control, DTX etc. into account. 

Although the goal has been to model the behaviour in real networks as accurate as possible clearly the models are only approximations especially the models for the asynchronous networks. Therefore the link and system level performance estimated in this TR can only be used as guidelines for the performance that will be seen in a real network. 
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� The figures have been taken from [GAHS-030017] but similar figures have been presented in [GAHS-030022] and [GAHS-030018].


� Only burst wise synchronization is assumed.


� The 18dB adjacent channel protection has been taken into account.


� After the Rx filter assuming an 18dB ACP.


� A fixed offset of 100Hz will be used to reflect worst case offset at 1800MHz.


� Each BTS can have a frequency offset of 0.05ppm resulting in a worst case of 0.1ppm between the serving and the interfering BTSs (see 45.010). 


� This will result in new link to system level mapping tables, which can be parameterised by the burst wise C/I and DIR. The definitions of burst wise C/I and DIR follows the definition in section � REF _Ref56732670 \r \h ��5.2� where 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.


� The notation U[-x;x] is used to represent a uniform distribution in the range –x to x.
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