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1. Introduction

This document is an update of document GP-041571 submitted and presented in WG1 at the TSG GERAN #20 meeting. Compared to the original paper additional performance results are presented for an alternative SAIC/ARP implementation. The purpose of this update is to show that some SAIC/ARP implementations can handle simple test scenarios while they will have problems passing more complicated cases having simultaneous multiple co- and adjacent channel interference.

Since the TSG GERAN #19 meeting several potential SAIC/ARP test scenarios have been agreed in a number of phone conferences [11]. In this contribution performance figures and interferer statistics for both a conventional and a SAIC receiver for the agreed scenarios will be presented and discussed. These and similar figures from other companies will be compared [12] and based on this it is expected that most SAIC/ARP test cases can be agreed during the TSG GERAN #20 meeting. An agreement during this meeting is important for startup the discussion of performance requirements for 45.005. Based on the performance figures and the interferer statistics presented in this document a proposal for a final set of test scenarios will be presented. 

This contribution is organised as follows; in section 2 the different proposed test scenarios are listed [11] and in section 3 the simulation assumptions are shortly described. Performance figures and interferer statistics are presented in section 4 followed by a discussion of the results and a recommended set of test scenarios in section 5. Handling of TSCs in the interferers is discussed in section 6 and finally the conclusions are drawn in section 7. 

2. Proposed link level models

A number of link level scenarios to be considered for the SAIC/ARP performance requirements have been discussed and agreed [11]. In this section these models will be listed. Basically the models can be divided in the following three categories:

1. Simple one-interferer test scenarios

2. Multi-interferer test scenarios

3. Scenarios derived from GERAN configuration 1 and 2.

In the next sections the different scenarios will shortly be discussed.

2.1 One-interferer test scenarios

To ensure that a mobile indicating SAIC/ARP capability has the same or better performance as a conventional mobile it is necessary to test it using the standard single co- and adjacent channel interferer test scenarios. The use of single interferers enables a very high SAIC gain as have been demonstrated in the early days of the SAIC discussions in TSG GERAN. Consequently a considerable tightening of the performance requirements is in principle possible. Unfortunately this could result in unrealistic operating points and therefore unexpected MS behaviour. Therefore when agreeing on the performance requirements for these simple scenarios it is important to have a realistic operating point. Assuming this Nokia is clearly in favour of having considerable tightening of the performance requirements for the single interferer test scenario.

	
	Relative power to I1

	Model
	I1
	I2
	I3
	Ico-res
	Iadj
	Iadj_res
	AWGN

	Scenario 1
	0dB
	
	
	
	
	
	

	Scenario 2
	
	
	
	
	Inf
	
	


Table 1 Two single-interferer test scenarios.

2.2 Multi-interferer test scenarios

The inclusion of the two interferer test scenarios has been proposed by Philips in [3]. The purpose is stressing of the implementations by applying a very high level of the second interferer, which can be either co- or adjacent channel. Although the scenarios are stressing the implementation considerable gains can be expected. The configuration of the proposed two scenarios is listed in Table 2. 

	
	Relative power to I1

	Model
	I1
	I2
	I3
	Ico-res
	Iadj

	Iadj_res1
	AWGN

	Scenario 3
	0dB
	0dB
	
	
	
	
	

	Scenario 4
	0dB
	
	
	
	18dB
	
	


Table 2 Two multi-interferer test scenarios.

2.3 Simplified GERAN configurations 

To stress the implementation and to ensure the correct functionality when operating in the field the final test set must include some complex link level scenarios [7][9]. A number of simplifications of the original GERAN configurations 1 and 2 have been proposed and are listed in Table 3 and Table 4. Compared to the original GERAN models the number of discrete interferers has been reduced and for some scenarios the residual interference has been replaced by white gaussian noise. The effect of these simplifications is demonstrated in the next section where performance figures and interferer statistics are presented. A discussion of the results will be done in section 5 and a final set of test scenarios for testing of performance in synchronized networks will be proposed. 

	
	Relative power to I1

	Model
	I1
	I2
	I3
	Ico-res
	Iadj
	Iadj_res
	AWGN


	Original Config. 1
	0dB
	-10dB
	-20dB
	
	3dB
	5dB

	

	Scenario 5
	0dB
	-10dB
	
	
	3dB
	
	-17dB

	Scenario 6
	0dB
	-10dB
	
	-17dB
	3dB
	
	

	Scenario 7
	0dB
	-10.4dB
	
	
	
	
	-14dB

	Scenario 8
	0dB
	-10.4dB
	
	
	2.7dB
	
	-17.6dB


Table 3 Original configuration 1 link level model and proposed simplifications.

	
	Relative power to I1

	Model
	I1
	I2
	I3
	Ico-res
	Iadj
	Iadj_res
	AWGN

	Original Config. 2
	0dB
	-6dB
	-10dB
	-9dB
	4dB
	0dB

	

	Scenario 9
	0dB
	-6dB
	-10dB
	
	4dB
	
	-8dB

	Scenario 10
	0dB
	-6dB
	
	-9dB
	4dB
	
	-8.8dB

	Scenario 11
	0dB
	-6dB
	-10dB
	-8dB
	4dB
	
	

	Scenario 12
	0dB
	-6dB
	
	-5.9dB
	4dB
	
	

	Scenario 13
	0dB
	-6dB
	
	
	
	
	-5.5dB

	Scenario 14
	0dB
	-6dB
	
	
	4dB
	
	-6.1dB


Table 4 Original configuration 2 link level model and different simplified models.

3. Simulation assumptions

The simulation assumptions used in this contribution follows the assumptions presented in [11] i.e. the simulations are done at 900MHz without frequency offsets and receiver impairments. Frame errors are detected based on errors in the class 1a bits i.e. ideal CRC check has been used. 

4. Performance and interferer statistics

In this section the performance and interferer statistics will be demonstrated. The performance of both a conventional and a SAIC receiver is simulated for CIR values in the range -2.5dB to 15dB
. The average RawBER performance is plotted in Figure 1-Figure 4 for the two different receivers and the average FER performance for TCH/AFS5.9 in Figure 5-Figure 8. The main performance values from these figures can be seen in Table 5 and Table 6 for the RawBER and FER respectively. In Table 7 and Table 8 performance figures are shown for an alternative SAIC/ARP implementation (no plots are included in the document).
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	Figure 1 Average RawBER performance for Configuration 1 and Scenario 3-8 (conventional receiver).
	Figure 2 Average RawBER performance for Configuration 2 and Scenario 9-14 (conventional receiver).
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	Figure 3 Average RawBER performance for Configuration 1 and Scenario 3-8 (SAIC receiver).
	Figure 4 Average RawBER performance for Configuration 2 and Scenario 9-14 (SAIC receiver).
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	Figure 5 Average FER performance for Configuration 1 and Scenario 3-8 (conventional receiver).
	Figure 6 Average FER performance for Configuration 2 and Scenario 9-14 (conventional receiver).
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	Figure 7 Average FER performance for Configuration 1 and Scenario 3-8 (SAIC receiver).
	Figure 8 Average FER performance for Configuration 2 and Scenario 9-14 (SAIC receiver).


The distribution of the burst wise CIR and DIR have previously been very useful in the verification of the implementation of the GERAN link level models. The distributions for the different Scenarios are plotted in Figure 9-Figure 12 and the 10- 50- and 90-percentiles can be seen in Table 9 and Table 10. 
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	Figure 9 Burst CIR distribution for Configuration 1 and Scenario 3-8 (average CIR=0dB).
	Figure 10 Burst CIR distribution for Configuration 2 and Scenario 9-14 (average CIR=0dB).
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	Figure 11 Burst DIR distribution for Configuration 1 and Scenario 3-8 (average CIR=0dB).
	Figure 12 Burst DIR distribution for Configuration 2 and Scenario 9-14 (average CIR=0dB).


	
	Conventional receiver
	SAIC receiver

	
	10% RawBER
	2% RawBER
	10% RawBER
	2% RawBER

	Scenario 3
	6.4 dB
	13.5 dB
	3.0 dB
	9.8 dB

	Scenario 4
	5.7 dB
	12.7 dB
	1.0 dB
	7.9 dB

	Configuration 1
	6.2 dB
	13.3 dB
	2.4 dB
	9.1 dB

	Scenario 5
	6.1 dB
	13.3 dB
	2.4 dB
	9.1 dB

	Scenario 6
	6.2 dB
	13.4 dB
	2.5 dB
	9.1 dB

	Scenario 7
	6.1 dB
	13.3 dB
	2.0 dB
	8.6 dB

	Scenario 8
	6.1 dB
	13.3 dB
	2.3 dB
	9.0 dB

	Configuration 2
	6.3 dB
	13.2 dB
	4.1 dB
	10.5 dB

	Scenario 9
	5.9 dB
	12.9 dB
	4.0 dB
	10.4 dB

	Scenario 10
	5.9 dB
	13.0 dB
	4.1 dB
	10.5 dB

	Scenario 11
	6.3 dB
	13.3 dB
	4.1 dB
	10.5 dB

	Scenario 12
	6.3 dB
	13.3 dB
	4.1 dB
	10.5 dB

	Scenario 13
	5.5 dB
	12.6 dB
	3.3 dB
	9.8 dB

	Scenario 14
	5.6 dB
	12.7 dB
	3.8 dB
	10.3 dB


Table 5 RawBER performance figures for a conventional and a SAIC receiver.

	
	Conventional receiver
	SAIC receiver

	
	10% FER
	1% FER
	10% FER
	1% FER

	Scenario 3
	2.6 dB
	5.0 dB
	-0.3 dB
	2.3 dB

	Scenario 4
	1.5 dB
	3.9 dB
	-2.4 dB
	0.0 dB

	Configuration 1
	2.2 dB
	4.8 dB
	-1.2 dB
	1.3 dB

	Scenario 5
	2.1 dB
	4.8 dB
	-1.2 dB
	1.4 dB

	Scenario 6
	2.2 dB
	4.9 dB
	-1.1 dB
	1.4 dB

	Scenario 7
	2.0 dB
	4.7 dB
	-1.3 dB
	1.2 dB

	Scenario 8
	2.1 dB
	4.8 dB
	-1.3 dB
	1.4 dB

	Configuration 2
	2.4 dB
	4.6 dB
	0.6 dB
	2.9 dB

	Scenario 9
	1.9 dB
	4.2 dB
	0.4 dB
	2.8 dB

	Scenario 10
	1.9 dB
	4.4 dB
	0.5 dB
	2.9 dB

	Scenario 11
	2.4 dB
	4.7 dB
	0.6 dB
	3.0 dB

	Scenario 12
	2.4 dB
	4.6 dB
	0.7 dB
	3.0 dB

	Scenario 13
	1.4 dB
	3.8 dB
	-0.2 dB
	2.3 dB

	Scenario 14
	1.5 dB
	3.9 dB
	0.3 dB
	2.7 dB


Table 6 FER performance figures for a conventional and a SAIC receiver.

	
	Conventional receiver
	SAIC receiver

	
	10% RawBER
	2% RawBER
	10% RawBER
	2% RawBER

	Scenario 3
	6.4 dB
	13.5 dB
	2.4dB
	9.4dB

	Scenario 4
	5.7 dB
	12.7 dB
	5.0dB
	12.2dB

	Configuration 1
	6.2 dB
	13.3 dB
	3.9dB
	10.8dB

	Scenario 7
	6.1 dB
	13.3 dB
	0.5dB
	7.2dB

	Scenario 8
	6.1 dB
	13.3 dB
	3.3dB
	10.2dB

	Configuration 2
	6.3 dB
	13.2 dB
	5.3dB
	11.9dB

	Scenario 13
	5.5 dB
	12.6 dB
	2.1dB
	8.7dB

	Scenario 14
	5.6 dB
	12.7 dB
	3.8dB
	10.6dB


Table 7 RawBER performance figures for a conventional and an alternative SAIC receiver.

	
	Conventional receiver
	SAIC receiver

	
	10% FER
	1% FER
	10% FER
	1% FER

	Scenario 3
	2.6 dB
	5.0 dB
	-1.0dB
	2.0dB

	Scenario 4
	1.5 dB
	3.9 dB
	0.9dB
	3.5dB

	Configuration 1
	2.2 dB
	4.8 dB
	0.3dB
	2.7dB

	Scenario 7
	2.0 dB
	4.7 dB
	<-2.5dB
	-0.4dB

	Scenario 8
	2.1 dB
	4.8 dB
	-0.4dB
	2.1dB

	Configuration 2
	2.4 dB
	4.6 dB
	1.5dB
	3.9dB

	Scenario 13
	1.4 dB
	3.8 dB
	-1.4dB
	1.1dB

	Scenario 14
	1.5 dB
	3.9 dB
	1.1dB
	2.7dB


Table 8 FER performance figures for a conventional and an alternative SAIC receiver.

	
	10 - percentile
	50 - percentile
	90 - percentile

	Scenario 3
	-7.90 dB
	-0.77 dB
	5.88dB

	Scenario 4
	-7.91 dB
	-0.77dB
	5.81dB

	Configuration 1
	-7.96 dB
	-0.38 dB
	6.49 dB

	Scenario 5
	-7.97 dB
	-0.41 dB
	6.47 dB

	Scenario 6
	-7.96 dB
	-0.42 dB
	6.50 dB

	Scenario 7
	-7.99 dB
	-0.38 dB
	6.63 dB

	Scenario 8
	-7.97 dB
	-0.40 dB
	6.57 dB

	Configuration 2
	-7.84 dB
	-0.84 dB
	5.10 dB

	Scenario 9
	-7.84 dB
	-0.84 dB
	5.09 dB

	Scenario 10
	-7.89 dB
	-0.86 dB
	5.06 dB

	Scenario 11
	-7.85 dB
	-0.82 dB
	5.11 dB

	Scenario 12
	-7.91 dB
	-0.83 dB
	5.05 dB

	Scenario 13
	-7.93 dB
	-0.83 dB
	5.10dB

	Scenario 14
	-7.89dB
	-0.84dB
	5.09dB


Table 9 Burst CIR distribution (average CIR=0dB).

	
	10 – percentile
	50 - percentile
	90 - percentile

	Scenario 3
	0.73 dB
	4.14 dB
	10.23 dB

	Scenario 4
	0.78 dB
	4.12 dB
	10.32 dB

	Configuration 1
	0.88 dB
	7.50 dB
	13.45 dB

	Scenario 5
	0.83 dB
	7.50 dB
	13.38 dB

	Scenario 6
	0.85 dB
	7.49 dB
	13.40 dB

	Scenario 7
	1.36 dB
	8.11 dB
	13.80 dB

	Scenario 8
	1.12 dB
	7.90 dB
	13.79 dB

	Configuration 2
	-2.43dB
	1.73dB
	6.94dB

	Scenario 9
	-2.46 dB
	1.74 dB
	6.89 dB

	Scenario 10
	-2.68 dB
	1.63 dB
	6.72 dB

	Scenario 11
	-2.44 dB
	1.73 dB
	6.93 dB

	Scenario 12
	-2.69 dB
	1.64 dB
	6.74 dB

	Scenario 13
	-2.54 dB
	1.78 dB
	6.83 dB

	Scenario 14
	-2.59 dB
	1.76 dB
	6.83 dB


Table 10 Burst DIR distribution (average CIR=0dB).

5. Discussion

In this section the results from the last section will be discussed and the Nokia recommendation for test scenarios will be presented. Totally 14 scenarios have so far been discussed in GERAN and as described in section 2 these scenarios can basically be divided into three categories. 

The performance of the single interferer test scenarios (see Table 1) has not been simulated in this contribution but in a number of previous contributions it has been shown that very high SAIC gains are possible. The main motivation for keeping these two simple scenarios is that they have always been widely used and therefore well understood. Therefore the benefit of SAIC can be understood even for non-SAIC experts. In fact these scenarios will be the only ones in 45.005 where the performance of SAIC mobiles directly can be compared to the performance of conventional mobiles. The other scenarios discussed in GERAN will only be tested for SAIC mobiles. 

The two-interferer test scenarios listed in section 2.2 have been proposed by Philips. The purpose is to stress the implementation by applying two powerful interferers at the same time. As demonstrated in Table 5 and Table 6 the SAIC implementation tested in this contribution has very high gain for these two test cases indicating it can handle the presence of several interferers even when one of them will be an adjacent channel interferer. Although these test scenarios clearly are very challenging Nokia is not in favour of having them included in the final set. The reason is that inclusion of these scenarios will increase the total number of SAIC/ARP test cases and it is considered better to concentrate on test scenarios derived from the original GERAN link level models. Assuming sufficient high complexity of these models they are expected to stress the receiver implementation – this will be discussed in the following. 

In section 2.3 a number of simplifications of the original GERAN link level models for configuration 1 and 2 were presented. Compared to the full models the number of discrete interferers has been reduced to 2 or 3 and in some cases the residual coloured noise has been replaced by white gaussian noise. From test equipment point of view the use of white gaussian noise is preferred simply because it is much easier to generate, therefore Nokia is clearly in favour of doing this simplification. When it comes to the question of number of interferers the results presented in this contribution demonstrate a performance improvement when going from the full configuration 1 and 2 to the very simple models using only two discrete cochannel interferers and white noise (Scenario 7 and 13). For the more complex models using two discrete cochannels and a single adjacent channel interferer plus white noise the SAIC performance is nearly identical to the SAIC performance for the original models. Based on the performance results it is recommended that scenario 8 and 14 will be chosen as the simplified test scenarios for specifying the SAIC performance requirements in 45.005. 

Although the SAIC receiver used to generate the performance figures in this contribution has improved performance when using the simplified models performance results from other companies have shown much larger improvement (more than 2 dB improvement have been reported) when using Scenario 7 as a simplification to configuration 1. The reason for this large difference in performance is not known but it could be a result of different modelling
 and/or the fact that some SAIC implementations have difficulties handling simultaneous co- and adjacent channel interference. Previous studies have demonstrated that although adjacent channel interference very seldom is dominating it will be present in every burst. Therefore it is important that the final test cases includes simultaneous co- and adjacent channel interference to ensure that the SAIC implementations are sufficient robust. It is not believed that the implementations are stressed if only the two interferer test scenarios from Table 2 will be tested. To demonstrate that such ‘sub-optimal’ implementations are expected to pass the simple test cases, performance figures for an alternative implementation is demonstrated in Table 7 and Table 8. The complexity of this alternative implementation is approximately the same as the more robust receiver used to generate the performance figures in Table 5 and Table 6. A comparison between the performance of this alternative implementation with performance figures from other companies clearly demonstrates that it is very competitive in the simple test cases (Scenario3-4, Scenario7 and Scenario 13) whereas it has a worse performance
 for the more complicated test cases (Configuration1, Scenario8, Configuration2 and Scenario14). This demonstrates that if only simple test scenarios will be specified it will indeed be possible to develop simple non-robust SAIC/ARP implementations that can pass the performance requirements. Although passing the requirements such mobiles will have a much worse performance when operating in more complex scenarios and in real networks. Therefore it is very important to have test scenarios including simultaneous multiple co- and adjacent channel interferers e.g. as Scenario8 and Scenario14 to ensure sufficient stressing of the SAIC/ARP implementations.
In summary Nokia recommend the test scenarios listed in Table 11 will be the basis for SAIC/ARP performance requirements for synchronous networks. Additionally tests will of course be needed to ensure that the implementations can handle asynchronous interference. A natural choice would be to test this using a modified scenario 8 having different delays for the interferers. 

	
	Relative power to I1

	Model
	I1
	I2
	I3
	Ico-res
	Iadj
	Iadj_res
	AWGN


	Scenario 1
	0dB
	
	
	
	
	
	

	Scenario 2
	
	
	
	
	Inf
	
	

	Scenario 8
	0dB
	-10.4dB
	
	
	2.7dB
	
	-17.6dB

	Scenario 14
	0dB
	-6dB
	
	
	4dB
	
	-6.1dB


Table 11 Proposed test scenarios.

6. Training sequences

In the investigations done so far during both the SAIC feasibility study and in the initial part of the phase 3 work TSCs have been included in the discrete interferers. Alternatively random data could be used similar to the way interference tests have been performed since the early days of GSM. The main advantage using random data is reduced complexity of test cases and test equipment. The problem is that the performance degradation caused by the bad cross-correlation properties of the training sequences will not be reflected in the performance requirements. Besides the lack of TSCs will make it more difficult to use non-blind SAIC algorithms. The latter is not considered a major problem because even non-blind implementations have to be able to handle the presence of asynchronous interferers where large time offsets can make it difficult to use the TSC information. 

To investigate the effect of including the TSC simulation results are presented in Table 12 and Table 13 for scenario 6 and 12 with and without TSCs in the interferers. As can be seen the performance of both the conventional and the SAIC receiver is improved by the use of random data but the improvement is rather small (less than 1dB). Therefore the use of random data could maybe be a good way to simplify the test cases. Alternatively if the use of TSCs is considered crucial by other companies Nokia find it very important that different TSCs will be used in every burst. 

	
	Conventional receiver
	SAIC receiver

	
	10% RawBER
	2% RawBER
	10% RawBER
	2% RawBER

	Scenario 6 TSCs included
	6.2 dB
	13.4 dB
	2.5 dB
	9.1 dB

	Scenario 6 No TSCs included
	5.7 dB
	12.8 dB
	1.4 dB
	8.2 dB

	Scenario 12 TSCs included
	6.3 dB
	13.3 dB
	4.1 dB
	10.5 dB

	Scenario 12 no TSCs included
	5.8 dB
	12.8 dB
	3.4 dB
	9.9 dB


Table 12 RawBER performance figures for a conventional and a SAIC receiver with and without TSC.

	
	Conventional receiver
	SAIC receiver

	
	10% FER
	1% FER
	10% FER
	1% FER

	Scenario 6 TSCs included
	2.2 dB
	4.9 dB
	-1.1 dB
	1.4 dB

	Scenario 6 No TSCs included
	1.2 dB
	3.8 dB
	-2.3 dB
	0.2 dB

	Scenario 12 TSCs included
	2.4 dB
	4.6 dB
	0.7 dB
	3.0 dB

	Scenario 12 no TSCs included
	1.7 dB
	4.0 dB
	-0.2 dB
	2.0 dB


Table 13 FER performance figures for a conventional and a SAIC receiver with and without TSC.

7. Conclusions 

In this contributions performance figures and interferer statistics have been demonstrated for a number of multi-interferer test scenarios. It has been shown how the performance is improved when using very simple test cases having no adjacent channel interference. It is recommended that the final test scenarios have two co-channel interferers and an adjacent channel interferer to ensure sufficient stressing of the SAIC algorithms. Besides the multi-interferer test scenarios it will be necessary to test the SAIC mobiles for the standard one-interferer scenarios widely used in the specifications. 

A final set of four different SAIC test scenarios are proposed for testing of the performance for synchronous operation. In addition to these a few tests will also be needed for asynchronous operation.

Finally the need to have TSCs included in the discrete interferers is discussed. It is proposed to remove the TSCs and use random data to reduce the complexity of the test scenarios and test equipment.
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� These scenarios are identical to the standard 45.005 test cases.


� The level of the adjacent channel interferer is measured before the receive filter.


� The AWGN is measured according to the proposal in [5].


� The level is applied at 200kHz below and above the carrier.


� The level is applied at 200kHz below and above the carrier.


� CIR=-2.5dB has been included compared to the simulation assumptions in [11].


� It could be considered making model verification before starting the actual performance requirement negotiations similar to what was done for configuration 2 before TSG GERAN #19.


� For configuration 1 the RawBER performance difference between scenario7 and scenario8 is 2.8dB for the alternative solution i.e. by adding a relative low level of adjacent channel interference there is a 2.8dB performance penalty which is not considered acceptable.


� The AWGN is measured according to the proposal in [5].
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