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SAIC Performance Specification Scenarios 

1 Introduction

In section 9.1 of the draft FS [1], the necessary specification work for SAIC testing is outlined as follows:

a) the requirements which are adopted reflect and warrant those receiver performance improvements identified as feasible during the Feasibility Study phase, and in doing so, ensure the realisation of the original goals of the Feasibility Study,

b) improvements in specific areas of receiver performance are not achieved at the expense of poorer performance in other areas, or by creating the risk of non-robust receiver operation under normal GSM/GPRS/EGPRS system conditions, and
c) any effort to simplify the assessment criteria used by the Feasibility Study (in order, for example, to simplify test apparatus or procedures) should be done without risking adherence to item a) above.
Proposals for handling these tasks in the ARP work item, which comprises the stage 3 specification work for SAIC, have been outlined by the work item rapporteur at GERAN #18 [2]. Since then, especially the aspect of simplifying the GERAN scenarios for practical tests without sacrificing the CIR and DIR statistics of the models have been addressed in contributions to GERAN WG1 SAIC/ARP conference calls [3], [4]. It has been agreed to provide other proposals for SAIC test scenarios on the WG1 reflector early enough in order to enable companies to analyse and simulate these scenarios.

In this contribution, proposals for test scenarios are outlined, which try to cover all the aspects a), b) and c) of the FS for SAIC performance specification in TS 45.005 and TS 51.010.

2 Proposal for SAIC performance specification scenarios

When analysing SAIC feasibility, the main focus has been on capacity enhancements in various network configurations. These network and link simulations have been based on worst-case load scenarios and mostly on geographically regular simulations, as usual for capacity simulations. For the link simulations, a rather complex GERAN SAIC link model has been agreed, which comprises several interferer sources and link aspects. Nevertheless the GERAN SAIC link model is quite stationary compared to the full variation of link conditions occurring in real-world. For example, fast fading is considered for the individual interferers, but the average power level is assumed constant for the link simulations in spite of all its dependency on shadow fading, geographical vicinity to cell boarders or base stations, frequency hopping collision probabilities, network load, etc. in real-world operation. As a consequence, the GERAN SAIC link model is applicable very well for capacity comparisons, but does not sufficiently reflect all relevant situations in real networks. Therefore the GERAN SAIC model, or a simplification thereof, is a good candidate for a test case, but does not provide sufficient test coverage with respect to the variety of link scenarios relevant in practical SAIC deployment. This variety comprises not only stronger variation of the individual links in high-capacity networks enabled by SAIC, but also extreme variation of call quality in certain interference-bearing geographic situations in any network, where SAIC-capable MS has been proven to offer cheap troubleshooting.

To describe the full variety of link situations in a suitable way, it is proposed to tighten existing test cases for simple scenarios and add some composite scenarios. This is necessary to 

a) warrant the feasible receiver performance improvements in various situations

b) prevent any degradation or non-robust operation under normal system conditions 

c) simplify the assessment criteria

for SAIC capable terminals.

The following simple interferer and noise scenarios are proposed for SAIC performance specification in TS 45.005 and testing in TS 51.010. These scenarios stress SAIC capable terminals in different ways. Their combination should warrant SAIC gain while preventing any risk of over-optimisation:

1) Additive white Gaussian noise (AWGN)

2) single cochannel interferer (1C)

3) single adjacent channel interferer (1A)

4) dual cochannel interferer (2C)

5) combined cochannel and adjacent channel interferer (1C+1A)

6) simplified GERAN model (2C+AWGN)

Scenario 1) Additive white Gaussian noise (AWGN)

While SAIC improves especially performance for interference scenarios, the sensitivity performance must not be degraded. Furthermore, it has been observed that in extreme cases, the total interference tends to become noise-like. Therefore SAIC receivers are required to perform at least as good as conventional receivers also for noise scenarios at higher power levels. Applying different algorithms for sensitivity and interference would not be a viable option for a SAIC-capable MS. 

Performance for noise scenarios at higher power levels has been guaranteed for non-SAIC receivers so far in an indirect way by testing the co-channel scenario at a higher level, while assuming that also in this case about 9 dB signal to noise ratio is required and the signal characteristics does not make a big difference. However, this is no more true with a SAIC-capable MS, where the situation could occur that a terminal performs worse in a noise scenario at higher levels than at sensitivity level, given the same signal to noise ratio in both cases. Therefore, a scenario is proposed with AWGN applied to a signal at a higher level, e.g. at the level of the current interference measurements. 

Tight requirements for this scenario has the additional advantage of imposing a clear requirement for the receiver algorithms to be state-of-the-art for sensitivity, while the sensitivity requirements for MS are quite relaxed to cope with radio parameters like the noise figure and alternative measurement methods based on antenna radiation are becoming increasingly relevant. 

Scenario 2) single cochannel interferer (1C)

The existing co-channel test scenario should be tightened similar to the earlier proposal to GERAN #11 [GP022522]. This will guarantee implementation of a SAIC algorithm with high gain in situations with a dominating single cochannel interferer, which occur quite often at interference-critical locations.

Scenario 3) single adjacent channel interferer (1A)

The existing adjacent channel test scenario should be tightened similarly as the cochannel  interferer scenario for the same reasons. Adjacent channel interference is considered relevant, since it can be dominating over co-channel interference at some locations even though not dominating in the average.

Scenario 4) dual cochannel interferer (2C)

Since the current generation of SAIC is typically capable of cancelling a single interferer per burst, a SAIC-capable MS should be challenged with a combined test scenario comprising two individually fading co-channel interferers. This scenario is practically relevant and should provide still a gain high enough to be clearly detected by measurements. For simplicity, the 2 interferers can be assumed to be equally strong. 

Scenario 5) combined cochannel and adjacent channel interferer (1C+1A)

Also with SAIC there may be a trade-off between cochannel and adjacent channel performance. Applying different algorithms, which enhance either the cochannel or the adjacent channel performance, would not be a viable option for SAIC-capable MS. Therefore a combined test scenario comprising a co-channel interferer and an adjacent channel interferer is proposed. This scenario is practically relevant and should warrant reasonable gain in mixed cases between cochannel and adjacent channel interference. To be effective, the power level of the adjacent channel should be far higher than that of the cochannel. Assuming an adjacent channel protection (ACP) of 18 dB, the power in the receive band can be assumed to be equal for simplicity. 

Scenario 6) simplified GERAN model (2C+AWGN)

This scenario should provide relevant aspects of the GERAN SAIC link model and show a comparable performance level [3], [4]. Since impact of adjacent channel interference is better tested separately in a separate scenario 5), only two discrete cochannel interferers are assumed here. Due to a relatively high AWGN power contribution, which models all additional power components of the GERAN SAIC link model in a simple, conservative way, the SAIC gain in this scenario is expected to be far lower than with the scenarios 2)-5). While there is no problem to prove this gain in simulations, there may be difficulties measuring it with sufficient precision. Also necessary implementation margins may hamper verifying the performance gain by SAIC or even SAIC capability in general. However, it is expected, that good performance measured in the preceding scenarios 1)-5) with a given SAIC algorithm will guarantee that the lower performance gain in scenario 6) will actually be present for this SAIC algorithm. In combination with the more basic scenarios above, it should be sufficient to test only GERAN model for network configuration 2 at 40% load in a simplified way.
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Figure 1 – Proposed reduced-order SAIC test configuration.

All these scenarios can be generated as special cases of a common basic reduced-order SAIC test configuration, which has been proposed in Figure 9-11 of the FS [1], even omitting the option of filtering the white Gaussian noise signal, see Figure 1. The advantage of this approach is that the complexity increase compared to the conventional cochannel or adjacent channel test cases is only by the second discrete interferer source and the AWGN source, while all SAIC test scenarios can be provided by only changing parameter settings of this configuration.

While GERAN SAIC link models are defined for TU3 ideal FH, simplifications should be considered to avoid the combination of low speed with ideal FH, which can hardly be approximated by real frequency hopping within the bandwidth of a typical fading channel emulator. For example, TU50 no FH could be specified for scenarios 1)-5) and used for tests with less difficulty on currently available equipment.

The power level parameters for the proposed scenarios are summarized in Table 1 relative to the dominant interferer I1 (if present) and in Table 2 relative to the total interference and noise I = I1 + I2 + Iadj + N. Here Iadj is the actual power of an adjacent channel interferer at a frequency offset of 200 kHz reduced by an ACP of 18 dB, thus approximately representing the effective interfering power received in the wanted channel. The AWGN level specification N is based on 200 kHz measurement bandwidth, approximately representing the effective noise power received in the wanted channel.

	Scenario
	Power relative to I1

	
	I1
	I2
	Iadj
	AWGN

	1) AWGN
	
	
	
	n/a

	2) 1C
	0 dB
	
	
	

	3) 1A
	
	
	n/a
	

	4) 2C
	0 dB
	0 dB
	
	

	5) 1C+1A
	0 dB
	
	0 dB
	

	6) 2C+AWGN
	0 dB
	-6 dB
	
	-5.27 dB


Table 1: Effective power levels of interferer and noise components relative to dominant interferer
	Scenario
	Power relative to I

	
	I1
	I2
	Iadj
	AWGN

	1) AWGN
	
	
	
	0 dB

	2) 1C
	0 dB
	
	
	

	3) 1A
	
	
	0 dB
	

	4) 2C
	-3.01 dB
	-3.01 dB
	
	

	5) 1C+1A
	-3.01 dB
	
	-3.01dB
	

	6) 2C+AWGN
	-1.90 dB
	-7.90 dB
	
	-7.17 dB


Table 2: Effective power levels of interferer and noise components relative to their total level

The level of the wanted signal should be –82 dBm (20 dB above reference sensitivity level) as in most of the current interferer test cases. This fixed level setting should be sufficient since the potential performance impact of an adaptive gain control and the dynamic range variation in the MS should be sufficiently tested by the existing equalizer performance requirement in clause 6.1.1 of TS 45.005 and test case 14.3 of TS 51.010.

Further aspects of the test configuration need to be specified:

- Interfering Signal Synchronization

The delay of the discrete cochannel interferers is a relevant parameter for both synchronous and asynchronous SAIC tests, while for a discrete adjacent channel interferer, continuous random GMSK and 8-PSK modulation as applied in the current TS 45.005 is supposed to be sufficient also for SAIC testing. 

For warranting SAIC performance in asynchronous networks, the delay parameter is actually a key parameter. To assess SAIC performance, it should be sufficient to use a fixed relative delay setting for each discrete cochannel interferer [7]. For a synchronous test, a fixed delay of 0 is proposed for performance measurements, since the small delays occurring in synchronous network operation have very little impact [2]. 

A delay might also be required to assess SAIC performance in staggered synchronized networks as proposed by Cingular [8], [9].

Even though a fixed delay is sufficient for performance verification, for some test cases use of different delays is proposed to prevent any over-optimization for the test cases and warrant smooth SAIC performance under arbitrary delay conditions appearing in real-world networks.

- Interferer Training Sequences

Use of a fixed combination of TSCs of the wanted and interfering signals is proposed for performance verification. However, for some test cases use of some different or even random TSC combinations is proposed to prevent any over-optimisation for the test cases and warrant smooth SAIC performance under arbitrary TSC conditions appearing in real-world networks.

- Residual Signal Generation

For simplicity, it is proposed to approximate the residual co-channel interference by AWGN without filtering. The residual adjacent channel signal need not be provided explicitly for test scenarios, since the combination with a discrete adjacent channel interferer and AWGN should be sufficient.

- Frequency Offset

Assuming the MS synchronizing to the serving BTS signal, frequency offsets occur in practice by residual errors of the MS reference frequency control loop and changing Doppler shifts in the MS receive signal (especially in line-of-sight links). Furthermore, the frequency offset between the serving BTS and an interfering BTS, which is possibly affected in the MS receive signal also by different Doppler shifts of these signals (especially in line-of-sight cases), could have significant impact on SAIC performance. In simulations with the GERAN SAIC link model, a frequency offset model is incorporated for the radio signals in the air, but excluding the MS internal reference frequency tracking offset [10]. 

In a robust SAIC MS implementation, frequency offsets should not significantly affect SAIC performance, but this robustness must be tested under challenging assumptions due to its relevance for link stability. Therefore, no frequency offset should be assumed for most baseline performance specifications in TS 45.005, but an additional clause should specify performance under some adverse frequency offset conditions. A candidate for this test scenario could be a frequency offset model like [10] in combination with RA250 channel profile, which readily offers stressing line-of-sight signal components at high speed. 

- Power Control

For interfering signals with asynchronous time delay, the adjacent time slot may be generated with a fixed attenuation for simplicity, as proposed in [7].

To cope with the high number of different scenarios, it is proposed to test SAIC-capable MS in various directions in a somewhat orthogonal way. For example, the multitude of AMR channels must be tested completely under one or few radio conditions. For other radio conditions, the tests can easily be restricted to a single AMR channel, e.g. TCH/AFS5.9, since the channel decoder can be assumed to provide similar advantages or disadvantages of high or low code rates for all other channels as well. This should allow to test the 6 scenarios proposed above, possibly even with some variety of parameter settings, with reasonable effort. Other aspects, like TSC variation, or impact of delay, could be tested based on only a single AMR channel, a single selected radio condition and a single scenario to limit the test effort. If the tightened test scenarios 2) and 3) would allow to abandon e.g. obsolete old AMR interferer test scenarios, overall receiver test effort and duration for a SAIC-capable MS might even be reduced compared to a conventional MS.

3 Conclusion

Simplifications of the GERAN SAIC model are appreciated as good candidates for a test scenario, but there is concern that these will not sufficiently provide test coverage with respect to the full variety of link situations relevant in practical SAIC deployment. Therefore it is proposed, to complement this scenario by more generic tests, which stress SAIC performance in various directions of relevant link situations. On this basis, SAIC can be warranted to provide most benefit in any network situation, including interference troubleshooting in mature networks.
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