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Various Issues Associated with SAIC Link and System Level Evaluations
1. Introduction
This contribution addresses a number of issues surrounding the link and system level evaluation of SAIC capable MSs.  Recommendations are made for each of the issues as a way towards moving forward with the SAIC feasibility study.  The issues discussed include the following:

· Common Downlink Power Control (DPC) algorithm

· Inclusion of log-normal fading in link level evaluations

· Inter-BTS synchronization accuracy

· Delay distribution

· Frequency offset model

2. Common DPC algorithm
On the 4/15/03 SAIC conference call it was suggested that the group use the DPC algorithm specified in Specification 05.08 as a way to possibly reduce the differences that are being observed in the system level simulations.  Based on feedback from the group on the 4/24/03 SAIC conference it was decided that the DPC algorithm defined in 05.08 would not support satisfactory performance.  Thus, an alternative algorithm was proposed by Nokia.  Cingular evaluated this algorithm and found it to give somewhat satisfactory performance, although degraded from the algorithm that is currently included in our baseline system simulator.  However, other companies have pointed out a concern with the use of this latter algorithm, and have suggested that each company use their own.  Since complete agreement can not be reached on this algorithm we agree with this latter recommendation that each company should use its own DPC algorithm.  As a minimum however, the algorithm should be based on RXQUAL and RXLEV as is being done by the majority of the group at the present, as opposed to just basing it on RXLEV.  We continue to believe that we have achieved some measure of convergence in system simulation results, and that there will always be differences in analysis this complex.
3. Inclusion of log-normal fading in link level evaluations
We modified our link level simulation of a Joint Detection (JD) based SAIC receiver to include a random, log-normal component that was added to each interferer on a per burst basis (one value applied to the entire burst).  This is in addition to the independent Rayleigh fading which is included over the burst.  The results for Configuration 3 at 40% load are summarized for a couple of interference profiles in Table 1, where the standard deviations used for the log-normal components were defined in Table 3.3-1 in [1].  The gains are defined at a raw BER of ~10%.  Note the gains shown in Table 1 represent our version of a JD-based algorithm, which may not be optimal with regards to other JD implementations.  
The first row of values shows the SAIC gains for the GERAN interference profile for configuration 2 at 40% load [2].  As shown, the inclusion of the log-normal component for all interferers increases the gain by 1.0 dB.  When only the Rayleigh faded interferers have the log-normal component the gain over no log-normal is 1.2 dB.  We also evaluated the gain for the interference profiles derived from Cingular system simulations.  Row two is based on the interference profile defined in [3] for configuration 3 at 40% load, and does not include Rayleigh fading in the system simulator.  The interference vector is as shown in the last column of the table.  For this latter profile, the gain with no log-normal is 1.6 dB, which increases to 2.7 dB when a log-normal component is included to all of interferers.  When the log-normal component is included for just the faded interferers the gain is ~2.6 dB.  This latter gain value was actually derived based on a slightly different interference profile which included the effects of Rayleigh fading in the system simulator, see row 3.  In summary, there appears to be about a 1 dB gain when we include a log-normal component on a per burst basis.

	Interference Profile
	SAIC gain, no log-normal
	SAIC gain, log-normal on all interferers
	SAIC gain, log-normal on faded interferers
	Interference relative power vector

	GERAN 40% load [2]
	0.7 dB
	1.7 dB
	1.9 dB
	[6 10 9 14 15]

	Cingular 40% load [3]
	1.6 dB
	2.7 dB
	 ~2.6 dB
	[7.5 12.8 12.6 16.0 18.6]

	Cingular 40% load,  Rayleigh fading
	~1.6 dB
	~2.7 dB
	2.6 dB
	[7.1 12.3 12.3 14.9 17.9]


Table 1.  SAIC link gain for various interference profiles.

Traditionally, log-normal fading has not been included in link level evaluations.  In a certain sense the inclusion of the log-normal components is an attempt to make the link level evaluations more closely resemble what happens in an actual system.  However, we do not think the inclusion of the log-normal fading will have much effect on the burst link-to-network level mapping, which is what is needed to ultimately develop system capacity estimates.  The first stage of mapping will attempt to define the average of the burst BER as a function of the burst C/I and burst DIR.  This is accomplished by running link level simulations and collecting BER statistics on a per burst basis.  The mean C/I is set to some nominal value, while the mean interference powers are set per the defined interference profiles.  The Rayleigh fading imposed on top of the desired signal and some of the interferers will cause variation in the C/I and DIR.  In this way the BER bins corresponding to different values of burst C/I and burst DIR will be filled in
.  All that the log-normal components will do is to move one to different bins for each burst.  The end result will still be a burst BER versus C/I and DIR mapping table with all of the relevant bins containing a sufficient number of ‘hits’ to insure a statistically valid average BER value.  Since the average BER is computed in each bin over many hits we expect the effect of the log-normal components to be averaged out and thus, there should be little if any difference in the mapping tables.
The only value we see to including the log-normal fading is to produce a possibly a more accurate estimate of the long-term performance of the link.  The long-term average BER performance appears to be sensitive to the inclusion of these components, and for the examples shown in Table 1 produces a link gain of ~1 dB compared to not including it.  Thus, we are not opposed to any company using this to predict long-term average performance, but we do not feel that it is necessary either.  Further, we do not think it is required for generation of the mapping tables, which will ultimately be used in system simulations to predict the capacity gain achievable with SAIC. 
4. Inter-BTS Synchronization Accuracy

Based on dialogue that we have had with one of our BTS vendors we believe the inter-BTS synchronization accuracy to be +- 1.1 microseconds maximum.  This amounts to approximately 30% of a GMSK symbol period.  Since we are considering delays to extend from approximately -1 symbol to + 4 symbols for synchronized networks, we feel that the above contribution can be neglected for the link level evaluations without any significant degradation in the accuracy of the results.  The above was discussed on the 4/24 SAIC conference call and agreed to by those participating, although AWS was going to check with their vendors as well.

5. Delay Distributions

In [3], Cingular defined delay cdfs for configuration 3 for 25%, 40% and 70% loads, respectively.  Our recommendation is to use the cdf associated with the 40% load condition since this is representative of nominal performance over the range of frequency load expected.  The 25% load condition has slightly ‘longer’ delays, while the 70% load condition has slightly ‘shorter’ delays.  We do not think that the end results in terms of long-term average BER, and the burst BER link-to-system level mapping will be significantly different from one distribution to the other. Thus, only one link-to-system level mapping will be necessary for system capacity evaluation.  We propose to provide a look-up table describing the actual cdf over the range from 0 to 1 in increments of 0.01.  That way one can simply include this look-up table in the link level evaluation to determine the delay of each of the faded interferers on a per burst basis.

For synchronous operation we do not feel it is necessary to split a sector into regions as described in [4] with separate delay distributions for each region.  This would also unduly complicate system level evaluations with little or no increase in the accuracy of the resulting capacity estimate.  Thus, we propose that the delay distributions be based on sector statistics as described in [3].

If for some reason, the group can not agree to use the above cdf, we would consider the following alternative, which is to assume a uniform distribution over the range of -1 to +4 symbols.  This range represents the minimum and maximum values of delay expected for configuration 3 as described in [3].  

6. Frequency Offset Model
With regards to a frequency offset model, Cingular volunteered on the 4/24/03 SAIC conference call to define such a model.  We had originally thought of proposing separate models for both 850/900 MHz and 1800/1900 MHz operation, but to simplify we are proposing just one model, which is based on the more stressing higher frequency operation.  The model was distributed to the WG1 reflector on 5/15/03 and is described as follows.  
The frequency offset of the desired signal will have a fixed value of 100 Hz.  This is representative of a worst case offset assuming 0.05 ppm and operation at 1900 MHz.  The three faded co-channel interferers and the one faded adjacent channel interferers will each have their own frequency offsets, which change on a burst-by-burst basis according to a normal distribution with a mean of zero and a standard deviation of 33 Hz.  The 33 Hz value is based on the assumption that the worst case 100 Hz value is indicative of a 3-sigma value.

The reason we chose a fixed offset for the desired signal is that the MS is always talking to the same BTS, and even though the BTS may be hopping, we're assuming that the offset is the same for each hop.  The reason we did not assume a fixed offset for the interferers is that on a burst-by-burst basis the dominant co-channel BTS will typically change, as will the second dominant, the third dominant, and also the adjacent channel interferer.  The normal distribution seems a reasonable distribution for lack of a better one.
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� Note multiple simulation runs at different C/I values may be required to adequately fill in all of the bins.
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