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SAIC Field Trials in Asynchronous and Synchronous GSM Networks

1. Introduction
In order to determine the viability of SAIC technology for GSM networks, Cingular Wireless conducted two separate field trials using a prototype SAIC mobile offered by Philips Semiconductors.  The first trial was conducted in an operational, asynchronous (non-synchronized) GSM network. Network parameters were varied to determine performance as function of the Frequency Load (FL). A maximum gain of 2.7 dB in the C/I distribution at the 10% point was obtained at the maximum load.  The second trial was conducted in a synchronized network, the status of which was pre-operational at the time of testing. Synchronized networks are expected to provide higher SAIC gains since the amount of overlap between the desired signal and the interference can be controlled.  The results of this latter trial support the above conclusion, where a C/I gain of 4.5 dB was observed.  The following sections describe both of these trials in some detail.
2. Asynchronous Network Field Trial

Cingular’s Savannah market was chosen as the test market for the first asynchronous network trial of SAIC technology [1]. The field trial took place in June 2002. Savannah is representative of a relatively mature GSM network, which employs Frequency Hopping (FH) on the voice traffic channels in a very tight 1/1 reuse, with the FL per sector ranging from 10-25%.  The results of the testing are summarized in Table 1, which shows the gains in the C/I cumulative distribution function (CDF) at the 10% point, and the reduction in Bit Error Rate (BER) and Frame Error Rate (FER).  Note all of these performance measures were collected by the SAIC prototype, although the BER values were converted to RXQUAL values and verified against the RXQUAL recorded by the network.

The first row of values in Table 1 shows the gain of the baseline network.  The gains in all performance measures for this condition are relatively modest.  The next set of tests (row 2) were conducted with cell tiering and rescue handover turned off so as to increase the load on the hopping channels in the sectors of interest.  Cell tiering is a network feature, which directs calls with low or poor C/I to the BCCH carrier as opposed to one of the hopping carriers.  Rescue handover is another network feature, which causes a handover to be initiated if the RXQUAL value exceeds a threshold.  For the Savannah market this threshold was normally set to a value of five.  In addition, drive tests were made at three different times of the day corresponding to different levels of traffic.  As shown in the table, the gain in C/I ranged from 1.5 to 1.9 dB, while the FER decreased by 55-66%.

The next test (row 3) achieved a further increase in frequency load by decreasing the number of hopping frequencies from 10 to 6, in addition to keeping cell tiering and rescue handover turned off.  The associated gain in C/I was measured as 2.3 dB, while the FER dropped by 59%.  Finally, the maximum load was achieved by also blocking the voice slots on the BCCH (row 4).  This caused all of the traffic to be routed to the hopping traffic channels.  The C/I gain for this condition was found to be 2.7 dB with a 56% decrease in FER.  The actual C/I distributions for this maximum load condition are shown in Figure 1. 
	Test Configuration – All tests used 1/1 toggling except where noted
	Gain in C/I at 10% point
	Probability of BER < 3%
	Average FER, %

	
	
	SAIC off
	SAIC on
	SAIC off
	SAIC on

	No network changes
	0.73 dB
	0.855
	0.877
	2.62%
	2.03%

	Cell tiering & rescue handover off, (3 drives)


	1.5 dB

1.7 dB

1.9 dB
	0.785

0.798

0.785
	0.839

0.853

0.848
	3.31%

2.08%

2.36%
	2.19%

1.22%

1.29%

	Cell tiering & rescue handover off, six hopping frequencies
	2.3 dB
	0.769
	0.821
	4.49%
	2.66%

	Cell tiering & rescue handover off, six hopping frequencies, BCCH voice slots blocked
	2.7 dB
	0.753
	0.817
	4.43%
	2.49%

	Cell tiering & rescue handover off, six hopping frequencies, BCCH voice slots blocked, Asymmetric toggling (15/16 duty cycle)
	2.2 dB
	0.763
	0.798
	3.38%
	2.16%


Table 1  SAIC Network Performance Summary, Savannah, GA.
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Figure 1. C/I distributions for maximum load condition.

All of the results discussed to this point were obtained by alternately toggling SAIC on and off every RXQUAL reporting period (0.48 s) so as to obtain a normalized comparison.  Although the fast fading environment does change much faster than 0.48 s, these fluctuations are averaged out over this interval, and thus, SAIC on and SAIC off should ‘see’ about the same fading and interference environment when averaged over the long term.  This 1/1 toggle mode also has the desirable effect of maintaining a fairly constant downlink power level over the short term for both SAIC on and off and thus, changes due to Downlink Power Control (DPC) do not influence the comparison.
However, we also wanted to investigate the effect of using SAIC for longer periods of time, and the corresponding effect of DPC.  To this end, we conducted a test of SAIC in an asymmetric toggle mode, where the duty cycle of SAIC on to off was increased to 15/16, and also decreased to 1/16
.  The results of this testing at the 15/16 duty cycle indicated a decrease in the average BTS transmit power of 1.8 dB, and a 1.3 dB decrease in the average received signal level at the mobile.  In addition, the reported RXQUAL was almost identical for both duty cycles indicating that performance was not compromised for the high SAIC on duty cycle condition.  The C/I results for the asymmetric toggle (last row of table) indicate a gain of 2.2 dB compared to the 2.7 dB of gain realized for the 1/1 toggle mode for the same set of network conditions.  This decrease is consistent with the fact that when SAIC is off for a long time that the downlink power will increase to compensate for the increased load, and when SAIC is on for a long time the downlink power will decrease if appropriate.  This implies that the difference in C/I between SAIC on and off should decrease as it did.

One additional test was conducted in Savannah that is not described in Table 1.  This latter test was conducted on a bridge over the Savannah River, which at the time was known to be an area of high interference.  During the test, the MS prototype recorded the estimated received (desired) signal level along with the interference plus noise for a conventional receiver (SAIC off) and for SAIC (MIC) on.  The following sequence of figures dramatically illustrates the effectiveness of SAIC in suppressing co-channel interference.  Figure 1 shows the received signal over the drive route.  The route started fairly close to a BTS and then moved away from it over time.  The resulting propagation loss and fading are shown with two noticeable deep fades at ~27 and ~33 seconds into the drive route.
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Figure 1. Received signal collected over Savannah River bridge.
Figure 2 shows an estimate developed by the prototype of the interference plus noise for a conventional receiver, along with the received signal.  Note the very low C/I conditions at ~ 6 to 13 seconds and again at ~32 to 35 seconds.  Figure 3 shows an estimate of the interference plus noise that remains after the SAIC receiver has processed the signal.   The low C/I conditions observed in Figure 2 are significantly improved, and the C/I over the run is much greater than the typical GSM operating point of 9 dB.   Finally, Figure 4 shows all of the signals superimposed.
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Figure 2. Received signal and interference plus noise for conventional receiver.

[image: image5.emf]
Figure 3. Received signal and interference plus noise for SAIC (MIC) receiver.

[image: image6.emf]
Figure 4.  All signals superimposed.

3. Synchronous Network Field Trial

To determine performance in a synchronized network the same SAIC Philips’ prototype was tested in Cingular’s Delaware market in November 2002. This trial was particularly useful as the Delaware network was pre-operational at the time of SAIC testing, and as such offered the unique capability to test SAIC under both synchronized and non-synchronized conditions. Tests were conducted for synchronized random FH with three and five interferers. The initial plan was to also test non-synchronized random FH for three and five interferers, but this was reduced to one and three interferers due to some base station problems encountered during testing. 
For all of the tests, six hopping frequencies were employed, and the selected drive route was driven twice for each condition. To generate interference traffic, mobile-to-mobile calls were initiated at the interfering sectors with no speech activity.  For this reason Discontinuous Transmission (DTX) was turned off at the interfering sectors.  In addition, since the interfering mobiles were extremely close to each serving base station DPC was turned off to insure that there was adequate interference power for SAIC to cancel. The serving sector for the MIC prototype did have DPC enabled, and the downlink speech source was near continuous so that DTX could be turned off, and thus, insure that enough data was collected to guarantee statistical confidence. 
The results of the synchronized random FH tests with five interferers indicate a gain in the C/I distribution of approximately 4.5 and 5.0 dB at the 10 and 20% points, respectively, as shown in Figure 5. The FER information collected from this test was processed to develop estimates of the FER versus C/I averaged over the two drives for SAIC on and SAIC off.  This latter analysis indicated a relative link gain of 4.2 dB.  However, part of this gain is attributed to Mobile Allocation Index Offset (MAIO) planning where co-channel and adjacent channel interference within the site is reduced due to synchronization. The dramatic improvement that SAIC provides was also illustrated in the distribution of FER, which indicated that the 90% point
 was decreased from ~11.5% for SAIC off to ~3% for SAIC on. As mentioned before, these test results were for a non-operational market, which provided additional flexibility to set up conditions that normally are not encountered in an operational network.  For example, an operational GSM network without SAIC would be designed to support FERs approaching 1-2% at the 90% point, not the higher values quoted above.
The results of the same test for three interferers indicate a gain in the C/I distribution in the range of 2-3 dB.  This decrease is expected since the network load was not as high as the five-interferer condition, and thus, there was not as much interference for SAIC to cancel.  Note for coverage-limited conditions SAIC capable mobiles will typically sense the environment and revert to conventional receiver processing since there is no gain under these conditions.

For the non-synchronized tests, the amount of gain observed varied with the delay between the desired signal and the interfering signals.  This was expected since as the delay increases a ‘second’ interferer begins to overlap the slot of interest and thus, causes degradation in performance.  The results of the non-synchronized testing generally agree with this trend, but the results are highly dependent upon which interferer is dominant at any given time over the drive route.  For a single interferer, the gain in C/I distribution at the 10% points ranged from 0 dB when the delay was equal to about 80 symbols (near worst case) to 5.3 dB when the delay was less than 19 symbols.  This latter value of delay is close to the maximum delay value of 20 symbols at which the Philips’ SAIC algorithm still performs very close to synchronized conditions.  For the three-interferer tests the same trends were observed.  The lowest gain of 1.6 dB was observed when all three interferers had delays of greater than 20 symbols, while a gain of 4.0 dB was observed when only one of the three had a delay greater than 20.  The conclusion is that SAIC will provide gains in both non-synchronized and synchronized networks, but that maximum gains will be achieved with a synchronized network, where the amount of overlap between desired signal and interference can be controlled.
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Figure 5. C/I distributions for synchronized network trial.
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� A duty cycle of 15/16 means that MIC was on for 15 RXQUAL periods then off for one, and so on.


� 90% of the users experience less than this FER





