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Interference Statistics for SAIC Link Level Evaluation

1. Introduction

At the TSG-GERAN Ad-hoc meeting on SAIC held in Seattle on 4-5 March, 2003 a set of exemplary interference profiles for link level simulations were agreed upon [1]. This contribution presents new interference statistics based on results obtained from a system simulator developed by SBC Technology Resources, Inc. (TRI). The results presented herein are in fairly close agreement with the exemplary model for configuration 3 at 70% load. Delay statistics and statistics related to the Training Sequence Code (TSC) collisions are also presented. The focus of this contribution is on configuration scenario 3 described in [2]. 
2. Measured Statistics
This section defines the notations used in this contribution and lists the measured statistics that are presented in section 4. The received signal strengths (RSSs) of “m” co-channel interferers are denoted as c1, c2, c3, …, cm, arranged in decreasing order. Similarly, the RSSs of n adjacent channel interferers are denoted as a1, a2, a3, …, an, arranged in decreasing order. Based on these notations, statistics of the following ratios of signal strengths are of interest:
· c1/c2 – Ratio of the RSS of the dominant co-channel interferer and the second dominant co-channel interferer

· c1/c3 – Ratio of the RSS of the dominant co-channel interferer and the third dominant co-channel interferer

· c1/cr – Ratio of the RSS of the dominant co-channel interferer and the rest of the co-channel interferers (c4 + c5 + … + cm)
· c1/a1 – Ratio of the RSS of the dominant co-channel interferer and the dominant adjacent channel interferer

· c1/ar – Ratio of the RSS of the dominant co-channel interferer and the rest of the adjacent channel interferers (a2 + a3 + … + an)
Statistics for the following measured delays are also presented in this contribution. 
· dc1 – Delay of the dominant co-channel interferer with respect to the desired signal
· dc2 – Delay of the second dominant co-channel interferer with respect to the desired signal

· dc3 – Delay of the third dominant co-channel interferer with respect to the desired signal

· da1 – Delay of the dominant adjacent channel interferer with respect to the desired signal

Statistics for the probability of TSC collisions are presented in this contribution. The statistic of interest here is the percentage of bursts received by a MS in which a particular interferer, for example the dominant co-channel interferer, had the same TSC as that of the desired signal. 

Finally, the signal to interference ratio CIR is defined as the ratio of the power, C, of the desired signal over the summation of the powers of all the interferers (co-channel as well as adjacent channel) as defined below:
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where N is the receiver noise power.
3. Simulation Model

The system level simulation results presented in this contribution have been generated using the dynamic event-driven GSM network level simulator described in an earlier contribution [3]. Table 1 below shows the simulation model parameter settings used. The simulation parameters have been set according to configuration scenario 3 in [2].
Table 1.  Simulation Parameters Based On Configuration 3
	Parameter
	Value

	Reuse pattern
	1/1

	Spectrum
	2.4 MHz (hopping layer only)

	Carriers
	12

	System timing
	Synchronous system

	Frequency hopping
	Synthesized random hopping with MAIO management

	Cell layout
	Cloverleaf pattern (corner-excited cells)

	Sectors per site
	3

	Propagation model
	UMTS 30.03 (120.9 + 37.6 log10d @ 900 MHz)

	Propagation frequency
	900 MHz

	Log normal fading STD
	6 dB @ 900 Mhz

	Correlation distance
	110 m

	Noise floor
	-110 dBm

	Adjacent channel interference attenuation
	18 dB

	BTS output power
	20 Watts or 43 dBm

	Minimum coupling loss
	80 dB

	Antenna pattern
	UMTS 30.03

	Cell radius
	0.75 km @ 900 MHz

	Tiers of interferers
	2

	Wrap around
	ON

	Channel profile
	TU3

	MS speed
	3 km/h

	Mean call duration
	90 seconds

	Minimum call duration
	5 seconds

	Handover margin
	3 dB

	DTX voice activity factor
	0.6

	Downlink power control
	RXLEV + RXQUAL based with 14 dB dynamic range and 2 dB step size

	Call dropping algorithm
	RXQUAL based leaky-bucket type algorithm – Turned OFF when collecting DIR and DIR2 statistics

	Handover algorithm
	RXLEV and RXQUAL trigger based algorithm

	Inter and intra site lognormal correlation
	Not modeled

	Rayleigh fading
	Not modeled


4. Results
4.1  Signal Strength Statistics
Here we present cumulative distribution functions (CDFs) for the RSS ratios defined in section 2. Three sets of curves are presented in Figures 1, 2, and 3 for 25%, 40%, and 70% FLs respectively. All results are for bursts with CIR<10 dB. In Figures 2 and 3, there are discontinuities in the curves for the dominant adjacent channel interferer because of a combination of two factors: for 40% and 70% FL cases adjacent channel interference arises from the desired signal’s own sector, and the fact that the network simulator does not currently have burst level Rayleigh fading implemented.
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Figure 1:  CDFs of RSS ratios for 25% FL (CIR<10 dB)
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Figure 2:  CDFs of RSS ratios for 40% FL (CIR<10 dB)
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Figure 3:  CDFs of RSS ratios for 70% FL (CIR<10 dB)

The median values of the above statistics are given in Table 2 below. The 70% FL results are in general agreement with the 70% FL results presented in GERAN (see [4]), thus providing a confirmation of the interference characteristics. We expect some of our results to be slightly optimistic, and also expect this to get adjusted once we implement burst level Rayleigh fading in the network simulator.
Table 2:  Median Values in dB of Measured Statistics

	
	25% FL (in dB)
	40% FL (in dB)
	70% FL(in dB)

	c1/c2
	10.2
	7.5
	5.5

	c1/c3
	16.9
	12.8
	9.7

	c1/cr
	19.2
	12.6
	7.2

	c1/a1
	21.1
	16
	12.9

	c1/ar
	23.9
	18.6
	14.5


4.2  Delay Statistics
CDFs for the delays defined in section 2 (dc1, dc2, dc3, and da1) have been presented in Figures 4, 5, and 6 for 25%, 40%, and 70% FLs respectively. It is observed that for the three strongest co-channel interferers and the strongest adjacent channel interferer, the delay ranges from about -1 GSM symbol to +4 GSM symbols, where a positive value indicates that the interfering burst is delayed with respect to the desired signal burst. All the da1 curves show a discontinuity at 0 delay. This is caused due to the many instances in which the strongest adjacent channel interferer was from an adjacent sector of the same site. Note that for the 25% FL case none of the dc1, dc2, and dc3 curves show a discontinuity at 0 delay. This is because for 25% FL we have perfect MAIO allocation within a cell site resulting in zero intra-site co-channel interference. This is not the case for the 40% and 70% FL.  As the FL increases, more intra-site co-channel interference is observed. The curves also show somewhat abrupt changes in slope at two delay values. These delay values correspond to specific multiples (1 and 2*cos(30)) of the site-to-site distance. However, we have been unable to resolve why these discontinuities occur. 
Based on these results, a potentially simple delay model to use for link level characterization is to assume a uniform distribution of delay from -1 to + 4 GSM symbols.  These delays would be applied to the three co-channel and one adjacent channel interferer on a burst by burst basis.  Since the residual co-channel and residual adjacent channel interference are a combination of multiple interferers at various delays, and since it is currently modeled as filtered AWGN we recommend that both residual terms include no delay.  Another possibility is to use the actual distributions shown to determine the delay for each associated interferer.  
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Figure 4:  CDFs of Delay for 25% FL (CIR<10 dB)
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Figure 5:  CDFs of Delay for 40% FL (CIR<10 dB)
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Figure 6:  CDFs of Delay for 70% FL (CIR<10 dB)

4.3 TSC Statistics

This section presents statistics for the probability of TSC collisions between the desired signal and some of the strongest co- and adjacent channel interferers. A traditional TSC allocation plan tends to allocate one TSC per cell site (three sectors). However, for frequency loads of 40% and 70%, where perfect MAIO management cannot be achieved co-channel interference arises from adjacent sectors of the same cell site as well. In the traditional TSC allocation plan the same site co-channel interference could have the same TSC as the desired signal, potentially hurting the performance of an SAIC algorithm. Due to this a TSC plan that allocates individual TSCs to every sector of a cell site has implemented in the network simulator. Care has been taken to ensure that none of the immediately surrounding sectors of the sector of interest have the same TSC. Figure 7 below gives an example TSC allocation for such a plan. Certainly there is room for further optimization in this TSC allocation plan but for the purpose of this evaluation it is considered to be sufficient.  For example, one could do an ad-hoc allocation per site where one assigns the ‘worst’ interferers the TSC pairs with the best correlation properties.
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Figure 7:  Example TSC Allocation Plan

Figures 8, 9, and 10 show for 25%, 40%, and 70% FLs respectively, the percentage bursts of the desired signal that have the same TSC as the five strongest co-channel interferers. It seems counter intuitive that as the frequency load increases the probability of TSC collision with the strongest co-channel interferer increases. However, this is a function of both the TSC plan and the MAIO allocation. For the 25% FL case, due to perfect intra-site MAIO allocation, there is no co-channel interference generated from adjacent sectors of the same cell site. This means that the dominant co-channel interferer is always coming out of another cell site, increasing somewhat the probability that it might have the same TSC. For the 25% FL case a traditional TSC allocation plan with one TSC per cell site is expected to lower the probability of TSC collision with the dominant co-channel interferers. However, as we increase the FL to 40% and 70% the percentage of instances in which the dominant co-channel interferer is coming out of adjacent sectors of the same cell site increases significantly. Since there are no intra-site TSC collisions, this helps to reduce the overall probability of TSC collisions with the strongest co-channel interferers. 
The exemplary models that were agreed upon at the TSG-GERAN Ad-hoc meeting in [1], state that the dominant co-channel interferer never has a TSC collision with the desired signal. The results in Figures 9 and 10 tend to agree with this assumption, where the probability of collision is 4.2% and 1.4% for 40% and 70% load. Clearly, the 70% load collision probability is fairly close to zero.  The assumptions regarding the second dominant and third dominant co-channel interferers were to use a random TSC. This assumes a 1/8 = 12.5% probability of TSC collision with the desired signal. The results presented in Figures 9 and 10 show that these probabilities are in fact much lower than 12.5%, which means we might be potentially penalizing the performance of SAIC by the random TSC assumption. This becomes more so at the higher frequency load cases.   
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Figure 8:  Prob. Of TSC Collision w.r.t. Strongest Co-channel Interferers (25% FL)
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Figure 9:  Prob. Of TSC Collision w.r.t. Strongest Co-channel Interferers (40% FL)
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Figure 10:  Prob. Of TSC Collision w.r.t. Strongest Co-channel Interferers (70% FL)
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Figure 11:  Prob. Of TSC Collision w.r.t. Strongest Adj. Channel Interferers (25% FL)
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Figure 12:  Prob. Of TSC Collision w.r.t. Strongest Adj. Channel Interferers (40% FL)
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Figure 13:  Prob. Of TSC Collision w.r.t. Strongest Adj. Channel Interferers (70% FL)

Figures 11, 12, and 13 show for 25%, 40%, and 70% FL cases respectively, the percentage of bursts that have the same TSC as five strongest adjacent channel interferers. For the 25% FL case, due to the MAIO allocation, there is zero adjacent channel interference from the desired signal’s own cell. There is definitely a significant component of ACI from adjacent sectors of the same cell site; however, these interferers have a different TSC due to the TSC allocation plan. Hence, it is only when the strongest adjacent channel interferers are from beyond the immediately surrounding sectors that TSC collisions with the strongest adjacent channel interferers occur. This is why the numbers in Figure 11 are relatively low. As the frequency load is increased to 40% and 70%, the level of adjacent channel interference that is generated from the desired signal’s own sector starts increasing. For example, for the 70% FL case each sector needs to be allocated 10 out of the available 12 MAIOs in order to support the Erlang load (10 TRXs per sector). This significantly increases the probability that an adjacent channel in the same sector is being utilized, thus causing a large progressive increase in the numbers in Figures 12 and 13.  Thus, it may be necessary to modify the assumptions in [1] for the dominant adjacent channel interferer, where we are currently assuming a 12.5% collision probability.  A more accurate model might assume 25% and 50% collision probability for 40% and 70% load, respectively.  
5. Conclusions
In this contribution, statistics were presented for RSS ratios c1/c2, c1/c3, c1/cr, c1/a1, and c1/ar for 25%, 40%, and 70% FL cases. The 70% FL results are in general agreement with the 70% FL results presented in GERAN (see [4]), thus providing a confirmation of the interference characteristics. 
Statistics for the delays of the three strongest co-channel interferers and the strongest adjacent channel interferer (dc1, dc2, dc3, and da1) w.r.t. to the desired signal were presented for 25%, 40%, and 70% FLs respectively. It was observed that for all cases the three strongest co-channel interferers and the strongest adjacent channel interferers had a range of delay from -1 to +4 GSM symbols. The strongest interferers were found to get closer (lower delay) as the frequency load increased from 25% to 70%.  A potentially simple delay model to use for link level characterization is to assume a uniform delay from -1 to +4 GSM symbols for the separate, faded interferers with a delay of zero assumed for the residual interferers.  
Results for the probability of TSC collisions with some of the strongest co- and adjacent channel interferers were presented for 25%, 40%, and 70% FL cases. The results somewhat confirm the agreed upon GERAN assumption [1] that the dominant co-channel interferer will not have a TSC collision with the desired signal. The actual collision probabilities are 4.2% and 1.4% for 40% and 70% load, respectively.  Clearly the 70% load value is fairly close to zero.  The random TSC assumption regarding the second dominant and the third dominant co-channel interferers, which implies a 12.5% collision probability, was found to be stricter than what was observed in the simulation results. The simulation results predicted a much lower probability of collision, especially for the higher frequency load cases.  With regards to the dominant adjacent channel interferer, the actual collision probability was higher than the assumed 12.5% value.  For 40% and 70% load the values were approximately 25% and 50%, respectively.  Based on these latter results it appears we should modify the collision assumption (12.5%) accordingly for the two loads considered.
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