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1. Introduction

In-depth assessment of SAIC-capable receiver performance at the link level is a critical element – in combination with system level analysis – in establishing the feasibility and utility of SAIC receiver deployments. Important next steps in the link-level aspect of the SAIC study are a) to further define an assessment methodology that captures realistic interference conditions, and b) to define a sufficient set of assessment scenarios to allow general conclusions to be drawn concerning achievable link-level performance but without requiring an unmanageably large number of simulations.

In a previous contribution [1], Motorola proposed a potential framework for link-level receiver performance assessment. This contribution extends [1], and seeks to:

a) identify which distinct interference scenarios should be considered, and 

b) propose, in more detail, how those scenarios might be synthesised in a link-level simulation.

In what follows, candidate methodologies for link-level interference scenario construction are suggested.  Recommendations on specific numerical values for interference parameters are avoided at present due to the strong dependency on system level parameters; these are not yet agreed.

2. Link-level Interference Model Definition

Contemporary GSM system design frequently includes a BCCH layer and frequency-hopping (FH) layer of carrier frequencies. The sometimes-limited availability of spectrum for FH layer allocation (especially in North America) suggests, however, that potential SAIC performance benefits should be assessed for both layers if potential system benefit is to be maximised
, and our current assessment suggests that each case requires distinct interference model parameters. In parallel, it also seems desirable that potential differences in SAIC receiver performance when deployed in synchronous and asynchronous systems should also be reflected in the interference model definition.

From the perspective of link-level interference modelling, the BCCH and FH layers are distinct in terms of:

a) Power control – notwithstanding the variation in radiated power on the BCCH carrier permitted for 8-PSK waveforms ([2], Section 7.1)
, the temporal variation in interference level (other than multipath channel effects) observed by an MS on the BCCH layer will be due to location-induced changes in propagation loss and shadowing etc., while an MS located on the FH layer will also be subject to BTS power control. This latter aspect can lead to significant changes in observed power level from the same interfering source between burst 1 and burst 2 of the interfering bursts interacting with a desired burst (see [1], Fig. 1).

b) Burst DTX – while the occupancy of radiated bursts on the BCCH layer is guaranteed (via dummy burst in-filling), this is not the case for the FH layer where fractional loading and logical channel DTX can mean that – from the perspective of a specific desired burst – an overlapping interfering burst may not be occupied.

2.1. BCCH Layer Interference Model Definition

The lack of power control and burst DTX implies that the interference model applicable to the BCCH layer  is potentially simpler than that applicable to the FH layer. A candidate conceptual model, following [1], for the BCCH layer appears in Figure 1. In this case bursts 
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  etc. are always present (and correspond to interfering sources (usually sectors) A, B etc.), and the power received from a single interference source does not vary between bursts 1 and 2 – i.e. 
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 etc. While Figure 1 shows two interferers, the model could be extended to an arbitrary number 
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 of interferers as directed by system-level analysis.
 One further evolution of Figure 1 below over Figure 1 of [1] is the addition of a white noise component, intended to model receiver thermal noise and residual interference not included in the specified interferer set. This could be neglected in initial assessments, but – in Motorola’s view – must be assessed before the study is complete.

Given this model, a candidate methodology for link-level receiver performance assessment is to assess receiver performance in traditional fashion as a function of the ratio 
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, a specified total co-channel interference to adjacent channel interference ratio 
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 is the mean adjacent channel interference power) and for a specified residual noise density 
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 could be specified in terms of the ratio 
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 is the total mean residual noise power that would be received in a noise-equivalent bandwidth of 200kHz – i.e. 
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. The parameter set required to define the BCCH interference model appears in Table 1.

2.2. Interference Model Parameterization

The parameters 
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should be derived from system simulations. For example, Figure 4 shows the joint probability density function 
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 (quantized to 2dB) of the ordered 1st- and 2nd-strongest interferers observed for a particular simulated BCCH layer configuration. Specific interferer joint distributions cannot be generated, however, and therefore interference model parameters determined, until an applicable set of system simulation assumptions is agreed (including inter-cell distance, shadow fading statistics etc.)

	Param. No.
	Identifier
	Units
	Description

	1
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	logical chan. ID
	Desired burst logical channel type.
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	interferers
	Number of distinct interference sources.
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	dB
	Set of 
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 ratios defining mean co-channel interference source powers to total co-channel interference power.
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	dB
	Ratio of 1st adjacent mean interferer power to total co-channel  interference power.

	5
	
[image: image32.wmf]/

o

II


	dB
	Ratio of mean residual noise power to total co-channel  interference power. Implies noise density 
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	symbols
	Set of 
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 source interferer time retardations w.r.t. 
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	TSC ID
	Set of 
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	GMSK / 8-PSK
	Set of 
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	GMSK / 8-PSK
	Modulation type – 1st adjacent interferer.


Table 1 – BCCH interference model parameter set.

2.3. BCCH Layer Interferer Timing

The possibly distinct performance of some SAIC receivers in synchronous and asynchronous networks suggests that these cases need to be differentiated in the link interference model.

2.3.1. Asynchronous Networks

For the asynchronous case, one approach would be to specify, for each simulated burst, a length-
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 for assessment. Each interferer delay 
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 would be restricted to be drawn independently from the set 
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(approx.) symbol periods.

Independent draws of 
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 for each simulated received burst could, however, lead to masking of poor receiver performance for particular instances of 
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 due to logical channel inter-burst interleaving. An obvious solution would be to apply each instance of 
[image: image50.wmf]τ

 over an interval 
[image: image51.wmf]T

, where 
[image: image52.wmf]T

 might typically be of 2s duration. Receiver performance would then be assessed in terms of 

a) bit error rate (BER), and 

b) block error rate (BLER),

c) the variation in error rate performance (say, relative frequency of interval BLER measurement, or maximum value or mean and variance of that statistic) per 
[image: image53.wmf]T

-second interval also made available. 

The minimum number 
[image: image54.wmf]B

N

 of blocks to be assessed in each simulation should also be specified.

2.3.2. Synchronous Networks

For synchronous systems, the same general approach could be adopted with the set 
[image: image55.wmf]S

t

 of possible interferer offsets modified to reflect synchronous operation. The set 
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 will depend, however, on the cell radius and re-use pattern, and so cannot be clearly established before these aspects are agreed. As an example, however, for a cell radius of 1000m, simulations indicated that the maximum delay at which significant interferers were observed was approximately 12 symbols for the exemplary 4:3:12 BCCH pattern shown in Figure 5.

Accordingly, a straightforward extension to include the synchronous case for such a cell radius would be to revise 
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 symbols. A summary of the potential approach to timing applicable to the synchronous and asynchronous approaches for a cell radius of 1000m appears in Table 2. Note that the final sets 
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 can be determined after the system parameters are determined.


	Identifier
	Value
	Units
	Description
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	TBD
	blocks
	Minimum simulation duration in blocks
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	seconds
	2
	Relative delay vector 
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	symbols
	Permissible relative timing of interferers w.r.t. desired signal


Table 2 – Summary of candidate interferer relative timing model parameters.

2.4. BCCH Layer Channel Models

Table 2 of [1] proposed a set of candidate multipath channel models that could be applied to the SAIC study. 

For the BCCH layer interference model, the channel states applicable to each interference source in Figure 1 would evolve (as in conventional GSM testing) continuously with time. Verification of the robustness of SAIC receiver processing to variations in the desired and interfering channels over the desired signal burst duration requires, however, that the desired and interfering channels should not be assumed to be static over the desired burst duration; rather a channel update interval of 10 symbols is proposed.

The proposed channel models applicable to the BCCH layer model are summarised in Table 3.

	Channel Model
	Velocity
(km/h)
	Comments

	TU
	3
	Maximum interval 10 symbols between channel updates.

	TU
	50
	Maximum interval 10 symbols between channel updates.

	HT
	100
	Maximum interval 10 symbols between channel updates.

	RA
	130
	Maximum interval 10 symbols between channel updates.


Table 3 – BCCH layer channel models.

3. FH Layer Interference Model Definition

As stated above, interference models applicable to the BCCH and FH layer can be distinguished in terms of the a) the potential variation in power levels observed during bursts 1 and 2 received from a single interfering source due to BTS power control, and b) the potential absence of interfering burst 1 or 2 (or both) due to logical channel DTX or fractional loading effects. Ideally, both these aspects should be included in a link interference model applicable to the FH layer.

It is possible to simplify this case, by assuming that the interference level observed from a single source during burst 1 and burst 2 is independent. Although the strongest, 2nd-strongest etc. interfering sources observed by the desired burst will generally vary from burst to burst, a further simplification – at least to a 1st-order approximation – is to apply the methodology used for the BCCH layer, overlaid with additional statistical elements to model the power control and burst DTX effects (Figure 2).

In this case, for each of the 
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 is the fractional load and 
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 is the logical channel DTX activity factor.

Once the existence or absence of a particular interfering burst has been determined, the applicable interfering signal power is determined – as in the BCCH layer model – from 
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 but is operated on by a further random variable 
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 representing the distribution of the power control process applied at the BTS. To a first-order approximation 
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 could be modelled as a zero-mean Gaussian random variable with standard deviation 
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, which would be assumed applicable to all interfering sources. 

This resulting FH layer model, which is an extension of the BCCH layer model of Table 1, appears in Table 4.

	Param. No.
	Identifier
	Units
	Description

	1
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	logical chan. ID
	Desired burst logical channel type.

	2
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	interferers
	Number of distinct interference sources.
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	dB
	Set of 
[image: image84.wmf]I

N

 ratios defining mean co-channel interference source powers to total co-channel interference power.
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	dB
	Ratio of 1st adjacent mean interferer power to total co-channel  interference power.

	5
	
[image: image86.wmf]/

o

II


	dB
	Ratio of residual noise power to total co-channel  interference power. Implies noise density 
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	symbols
	Set of 
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	TSC ID
	Set of 
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	GMSK / 8-PSK
	Set of 
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 source modulation types.
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	GMSK / 8-PSK
	Modulation type – 1st adjacent interferer.
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	N/A
	Probability interfering burst is active.

	11
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	dB
	Standard deviation of interfering signal power.


Table 4 – FH interference model parameter set.

In this case, the values of 
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 etc. would be distinct from the BCCH layer case due to the change in re-use pattern, and would again be computed after agreement on the system simulation parameters has been reached.

3.1. FH Layer Interferer Timing

The frequency re-use pattern applicable to the FH layer is, of course, different from the BCCH layer, and so the distribution of relative delays observed by the mobile station will change. For the FH layer, relative timing is also affected by load. Generally, the distribution is smaller than the BCCH layer, as can be seen from Figure 3 which shows the relative delay distribution applicable to a 1:3:1 re-use pattern. In this case, 
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 symbols, but again final determination of 
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 could be made after the system parameters are identified.

3.2. FH Layer Channel Models

For the FH layer, it is proposed that the same channel models applicable to the BCCH layer (Table 3) should generally be applied. In this instance, of course, the effect of hopping bandwidth should ideally be considered but it is proposed that this be deferred until later in the SAIC study.

4. Adjacent Channel Interference Model

Currently, GSM adjacent channel interference rejection is assessed in the absence of co-channel interference. It is desirable, however, that SAIC-capable receivers should be simultaneously subjected to realistic combinations of co- and adjacent channel interference.

The characteristics of the adjacent channel interference observed by a BCCH layer or FH layer desired signal depends, of course, on BCCH and FH layer re-use patterns and fractional load, the number of carriers available, and the allocation of the available carrier frequencies to the BCCH and FH layer sets. For small system bandwidths (e.g. 3.6MHz, giving a total of 17 carriers available, partitioned as 12 carriers to the BCCH layer and 5 to the FH layer) and assuming maximally spaced hopping frequencies, the adjacent channel interference signal will more likely be derived from the BCCH layer. For large system bandwidths (e.g. 10MHz allocation, with 12 BCCH layer carriers and 37 FH layer carriers) the adjacent channel interferers will most likely be drawn from the FH layer.

In the interests of simplicity, however, it is suggested that the adjacent channel interference model is:

a) assumed to derive from the BCCH layer,

b) a continuous sequence of independent GMSK or 8-PSK symbols (i.e. has no burst structure),

c) received at constant power level over the desired signal burst.

5. Simulated Burst Construction Aspects

In constructing the simulated interfering signal bursts according to the BCCH or FH layer interference models, there may be potentially significant differences in burst structure which may impact some SAIC receiver types and therefore seem to require alignment for simulation purposes. Specifically, these differences include:

1. BTS time slot scheme (TSS) – two distinct methods of defining burst length are employed in contemporary GSM systems (see e.g. [3], Section A.2.2.3). In time slot scheme (TSS) method 1, the transmitted burst comprises a sequence of 156 symbols, with a ¼-symbol delay inserted before the start of the next burst. TSS method 2 (TSS-2) uses length-157 symbol bursts for timeslots 0 and 4 and length-156 symbol slots for the remaining timeslots. There is no ¼-symbol shift between successive burst transmissions for this type of BTS. Since both approaches appear to be in common use, it is suggested that both methods should be assessed as part of the study.

2. Guard period symbol sequence – the signal transmitted by the BTS during the guard period at the end of the burst is not specified (indeed the signal outside the useful part of the burst is not specified [4]). The transmitted guard sequence is sometimes used by manufacturers to control transmitted signal performance (including spectral masking etc.) Since such sequences are manufacturer-specific, it is proposed that interfering burst guard periods be populated with independent, uniformly-distributed random symbols drawn from the interferer-specific modulation constellation.

3. Time slot power ramping – while BCCH carriers need not ramp down the radiated signal outside the active portion of the transmitted burst, manufacturers frequently apply power ramping to the BCCH (according to [6], Annex B) and must do so for the FH layer. Accordingly, it is proposed that time slot power ramping be included in link layer simulations. Clearly, this will require an agreed ramping profile, but it is Motorola’s current view that a single mutually-agreeable ramping profile – adopted solely for the purpose of modelling interferer burst power ramping  for the present study – can be identified without too much difficulty.

4. Inter-slot phase continuity – for some types of SAIC receiver, changes in the apparent carrier phase of an interfering signal source between interfering burst 1 and burst 2 (Figure 1) can lead to differences in performance. Again, while some BTS implementations may maintain carrier phase continuity between successive bursts (especially on the BCCH layer) such behaviour is not specified. Accordingly, a pragmatic approach may be to be to assume that burst 1 and burst 2 observed from a single interfering source are subject to an random, independent phase change which is uniformly distributed over 
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A proposed set of candidate settings governing interferer burst construction appears in Table 5.

	Identifier
	Value

	Time Slot Scheme (TSS)
	Option 1: uniform 156.25 symbol burst duration

Option 2: periodic 156/157 symbol burst duration

Both options to be assessed in the study

	Guard Period Symbol Sequence
	Independent, uniformly distributed random symbols

	Time Slot Power Ramping
	Enabled for both BCCH and FH layers – ramping profile TBD

	Inter-Slot Phase Continuity
	Successive observed bursts from same interferer subject to uncorrelated phase change over 
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Table 5 – Proposed simulated transmitted burst characteristics.

6. System Simulation Parameters

An important pre-requisite in deriving agreed numerical parameters for BCCH and FH layer interference models is the alignment of companies’ system simulation assumptions. A candidate set of system simulation parameters appears in Table 6. It is suggested that these assumptions be merged with the system simulation assumptions of other companies and then used to generate a formal population of interference models for link-level assessment.

	Identifier
	Units
	Value

	Carrier Frequency
	MHz
	1960

	Antenna Pattern
	-
	Section B.1.5 of [7]

	Spectrum Allocation
	MHz
	Option 1: 3.6MHz: 9/12 BCCH carriers, 8/5 FH carriers

Option 2: 5MHz: 9/12 BCCH carriers, 15/12 FH carriers

(Assumes 1 guard carrier)

	BCCH Layer Reuse
	-
	Option 1: 4:3:12

Option 2: 3:3:9

	FH Layer Reuse
	-
	Option 1: 1:3:1

Option 2: 1:3:3

	Cell Radius
	m
	1000

	No. Cell Rings
	rings
	3

	BTS Maximum Radiated Power
	dBm
	43

	Propagation Loss Model
	dB
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	Lognormal Decorrelation Distance
	m
	100

	Lognormal Standard Deviation
	dB
	8

	Inter-site Lognormal Correlation Coefficient
	-
	0.5


Table 6 – Candidate system simulation assumption applicable to SAIC study.

7. Logical Channel Definition and Modulation Types

A list of candidate logical channel types for assessment – intended to provide reasonably complete coverage of circuit- and packet-switched logical channel types with minimum effort – was proposed in [1], and is re-produced as Table 7. As outlined in [1], assessment of the potential performance SAIC for 8-PSK desired signals is an important part of the study, but in order to permit the work to be phased, it is proposed that logical channel assessment be divided into Phases I and II, with 8-PSK logical channels assessed during the second phase.

In addition, assessment of an appropriate Quality of Service (QoS) is considered essential (i.e. bit error rate (BER) is not sufficient) and assessment of block error rate (BLER) is the proposed QoS for all the logical channels.

	Study Phase
	Logical Channel Type
	Desired Signal Modulation

	Phase I
	SDCCH
	GMSK

	
	TCH/AFS12.2
	GMSK

	
	TCH/AFS5.9
	GMSK

	
	MCS-4 or CS-4
	GMSK

	Phase II
	TCH/WAFS23.85
	8-PSK

	
	MCS-9
	8-PSK


Table 7 – Logical channel types for assessment.

8. System Impairments

In [1], it was proposed that the simplest means of modelling mobile station impairments would be to initially study simulation results without impairments, and then permit each company to offer results consistent with their own internal impairments models. Even if is this is an acceptable approach, it may be necessary to align assumptions concerning some practical aspects of BTS performance. A particularly important issue here appears to be BTS frequency error performance.

TS 45.010 ([6], Section 5) specifies that the maximum absolute base station frequency error should be ±0.05ppm (with exception of the pico-BTS which is not considered here), or approximately ±100Hz error at 1960MHz. Accordingly, with respect to the serving BTS, interfering bursts may be observed at up to 200Hz apparent frequency offset, assuming ideal serving carrier frequency tracking by the MS. It is proposed that, for the purposes of simulation, the actual carrier frequencies of the serving cell and each of the 
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 are assumed uniformly and independently distributed over ±100Hz.

Notably, for Rician multipath channels, the specular components from the serving BTS and each interfering source will also be subject to Doppler shift. An exemplary worst-case assumption here is that the MS is moving directly towards the serving BTS at while moving directly away from an interfering BTS. At 1960MHz, and assuming an MS velocity of 100km/h, the additional coherent frequency shift is approximately ±180Hz, which would be applied cumulatively to the BTS carrier frequency error.

Also, loss of SAIC receiver performance due to BTS frequency offset impairments can be assessed even assuming ideal MS’s, and it is proposed that the effect of network frequency offset on ideal receiver implementations be studied as an intermediate step to a detailed assessment of MS implementation losses. 

Finally, these assumptions are conditioned on conventionally specified asynchronous BTS operation. Any improvement in BTS relative frequency tolerances available in synchronous network, could be further assessed during the SAIC study.

	Identifier
	Units
	Value

	Maximum frequency offset – Rayleigh scattering
	Hz
	100

	Maximum frequency offset attributable to Doppler – Rician scattering (specular component)
	Hz
	180


9. Conclusions

In this contribution, a candidate approach to link-level interferer model synthesis is proposed, specifying distinct but related models for link interference on the BCCH and FH system layers for merging with proposals from other companies. Related details of interferer timing, channel modelling and burst construction are also discussed. Notably, however, further specification of the link level interference models is dependent on an agreed system simulation parameters. The outline specification of such parameters would be a useful outcome of the SAIC ad-hoc meeting so that parameters for other aspects – such as link level modelling – can proceed in detail at GERAN#13.
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Figure 3.  Histogram of interferer relative delay – synchronous network.
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Figure 4. Interferer joint probability density function - 4:3:12 BCCH reuse pattern.
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Figure 5. 4:3:12 reuse pattern.
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� Where obviously, if capacity-enhancement is the goal, the objective would be to support a reduced reuse pattern on the BCCH layer, and increased fractional loading on the FH layer.


� It is proposed that this effect be neglected in the SAIC study, at least initially.


� Motorola’s current view is that the 2 interferer model may be sufficient for re-user patterns and fractional loads applicable to current systems – e.g. a 4:3:12 BCCH pattern. It is not clear, however, that such an assumption can be made for the more aggressive re-use patterns and loads that might be enabled by SAIC, and this requires further study.


� A symbol integer-spaced relative delay model is suggested, but delays of fractions of symbol may also be significant and this may require further study.
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