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ARP (SAIC) testing

1. Introduction

Single Antenna Interference Cancellation has been discussed in TSG GERAN WG1 for nearly two years. A SAIC feasibility study has been ongoing since TSG GERAN #12 and the initial conclusion is that in realistic network scenarios SAIC will provide considerable link level gain (see e.g. [1]). Therefore it was agreed during the TSG GERAN #17 meeting to initiate a WI (called Advanced Receiver Performance - ARP) for the stage 3 work having the target of specifying ARP/SAIC in 3GPP Rel6. 

One of the important lessons learned during the SAIC feasibility study is that more complex interferer scenarios, than the ones currently specified in 45.005 and 51.010, will be needed to test the ARP/SAIC functionality. These test scenarios are currently being discussed and specified in WG1. In order to make these scenarios testable WG1 would like to inform WG3 about some of the testing considerations that have been discussed in the SAIC feasibility study. 

The rest of this contribution is basically a copy of chapter 9 of the SAIC TR [1] dealing with the testing of this feature improving the handset performance in interference limited environments.

2. Test Considerations

This contribution discusses briefly the ARP/SAIC testing problem, which clearly is far from trivial. The conventional test cases specified in 45.005 and 51.010 have to be extended to more complicated test cases for testing of the ARP/SAIC compliant mobiles. These test cases need to be designed in such a way that they fulfill:

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.

3. Discussion

Conformance to the 3GPP TS 45.005 and 3GPP TS 51.010 specifications requires that a combination of narrowband and modulated signal sources be made available as part of the test apparatus. Fundamentally, however, the most commonly required test configuration can be summarised by the structure shown in Figure 1.
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Figure 1 – Summary – current MS test configuration.

At the same time, however, in order to capture real-world network scenarios the synchronous and asynchronous link-level models identified by the SAIC Feasibility Study capture more complex interference scenarios, including:

a) simultaneous generation of multiple, independently-faded, co- and adjacent channel interferers, 

b) burst-formatted interfering signals with randomly varying training sequences,

c) randomly-selected interferer delays & frequency offsets, and
d) interferer inter-burst phase changes, DTX (optional) and power control.

These scenarios were determined to be very important when investigating achievable link and system level performance gains for ARP/SAIC mobiles, and it is recommended that they are used as the starting point in determining test procedures and requirements for these enhanced terminals. If TSG GERAN determines that direct implementation of these scenarios is an essential part of ARP/SAIC terminal assessment, one possible approach to synthesising such signals in real-time appears in Figure 2
, where a general-purpose streaming signal source is used to generate multiple interfering signals which are agile in terms of embedded training sequence, delay and frequency offset etc.
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Figure 2 – Alternative potential configuration for complex 
test signal scenario generation.

It is also recognised, however, that support for such an approach could represent a considerable technical and economic challenge and may well be too complex to realise in practice. Accordingly, it may be necessary to consider which elements of the GERAN interference models are necessary to verify conformance, and how the models could potentially be simplified.

In considering potential simplifications, the following considerations and options should be considered. 

Requirement for Simultaneous Co- and Adjacent Channel Interference – Although the current CIR and DIR definitions do not discriminate between interferer types (i.e. co- or adjacent channel), it may be possible to reduce the required number of simultaneous discrete interferers by restricting performance assessment to be either on the basis of co-channel or adjacent channel performance. Alternatively if a combined test is seen as necessary, a single co- or adjacent channel interferer could be combined with residual interferers to model more complex scenarios.

Structured Interfering Signals – A departure from the currently-specified continuous, randomly-generated interfering signal definition can be principally divided into a) selection of an interfering burst type, and modification of the interfering signal power burst envelope, and b) modification of the interfering symbol content. It is obviously commonplace to generate interfering signal bursts compliant with the envelope definition of 3GPP TS 45.005, and the normal burst could be a natural choice when synthesising transmitted waveforms for test purposes.

Similarly, generation of an interfering signal with a pseudo-randomly generated training sequence and pseudo-randomly generated data payload is not fundamentally difficult
. Indeed, training sequence’s (TSC’s) could be selected on a per-burst basis, or – if this was not feasible – selection of constant TSC’s per interferer could also be considered. However, either change would most likely require upgrading of test apparatus, depending on the capability of the signal generators currently available to each tester, and could also make calibration of e.g. interferer power marginally more difficult. One possible simplification would be to require only that a specified bit sequence (i.e. tail bits, data payload, and training sequence) be periodically applied to the interfering signal, and that the interfering signal remain a continuously-modulated waveform.

Number of Interfering Signals – The GERAN models currently define a total of 3 co-channel interferers, plus a residual co-channel interferer. Synthesis of the residual co-channel interference term could, with the addition of an appropriate filter, be achieved relatively straightforwardly using the apparatus of Figure 1. Using the discretely-configured apparatus of Figure 1 as a guide, however, a requirement to synthesise 3 co-channel interfering signals could be challenging, since it would imply a requirement for multiple discrete fading channel emulators. An obvious alternative is to reduce the number of co-channel interferers to 2 or even a single interferer. Restricting testing to be performed only with a single interferer would, however, represent a significant departure from the GERAN models, and therefore testing under dual interferer conditions could represent a practical compromise.
 For test apparatus where the desired signal fading is handled by the system emulator, this would require the provisioning of only a single dual-channel fading emulator. A possible system configuration appears in Figure 3. Importantly, however, the relative power of the interfering signals would need to be established by further work, as would the equivalence (in terms of guaranteeing performance) of this configuration compared to the link scenarios generated in the GERAN Feasibility Study.

Interferer Frequency Offset – The GERAN models currently specify a normally distributed interferer frequency offset, with a new offset generated for each interfering signal burst. Again, provided the network emulator (Figure 1) and interfering signal generator have a shared triggering signal, and the interfering signal generator is appropriately programmable, this is not a difficult proposition. However, this requirement again complicates laboratory calibration and traceability, and older apparatus may not possess such a capability. As an alternative, constant interferer frequency offsets could be applied to each interfering signal source (using values specified in the Work Item phase). Indeed, based on future simulation results, such a requirement could be found to have little bearing on receiver performance and might be eliminated as redundant.

Interferer Delay Generation – Again, specification of a pseudo-randomly generated interferer delay (according to the GERAN interferer models) could present practical difficulties to legacy signal generators, or add complexity to the overall timing control of the test apparatus. However, in a similar fashion to the frequency offset problem, a constant delay or set of delays could be specified for each interferer. In more detail, the synchronous case could make use of a constant delay which could include zero relative delay for interferers, or alternatively a simplified delay distribution could be used. Again this would depend on test vendor capability and further simulation work. Potential simplifications for asynchronous operation would also be for further study, since such scenarios are recognised as important in establishing robust receiver operation.

Power Control and DTX – The power control distribution requirement and (optional) DTX aspect of the asynchronous interferer scenario could also be potentially difficult (although not impossible) for contemporary test apparatus to implement. Nevertheless, a subsequent Work Item phase could determine that assessment of robust performance in asynchronous network scenarios is important, and it is therefore worthwhile to consider how the current asynchronous GERAN model could be approximated. One potential approach would be to simply convert the GERAN-specified power control distribution into a simple binary distribution, and to essentially ‘gate’ each interfering signal (i.e. on or off). This approach has the advantage of a relatively simple calibration procedure.
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Figure 3 – Potential reduced-order co-channel interference configuration.

4. Summary

A variety of options exist for constructing test waveforms that may be either precisely or approximately consistent with the GERAN Feasibility Study. The exact nature of the conformance of these approaches to the original Feasibility Study models is for further study. This contribution has identified some potential approaches to achieving this; the views of test equipment vendors will be needed in the performance and test specification phase of ARP/SAIC.

5. References
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GP-032675, “Draft Feasibility study on Single Antenna Interference Cancellation (SAIC) for GSM networks”, source Rapporteur.

� All of the outline equipment configurations proposed in this section should be regarded as ‘potential’ configurations; i.e. the identification of a preferred configuration is for further study.


� Such a test signal is currently not available in 3GPP TS 51.010.


� Note that the nominal 156.25 symbol normal burst duration may create further difficulties with this approach.


� Of course, single-interferer tests could be defined in addition to multi-interferer tests.
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