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1 Introduction
Single Antenna Interference Cancellation (SAIC) is a mobile-based advanced receiver technology, enabling the mobile terminal to tolerate greater levels of co-channel interference than allowed by the present GSM specifications.  The resulting tolerance to a higher Carrier to Interference (C/I) ratio by the mobile terminal further enables a more aggressive radio frequency reuse pattern for GSM traffic channels, therefore enabling an increase in system capacity.  The GERAN feasibility study on SAIC has been progressing steadily with the objective of completion by GERAN #17 in November, 2003.  
Although a preliminary informal agreement has been reached on the direction for signalling, we have not yet proceeded to define the exact signalling requirements, and specifically what information is needed by the network.  Furthermore, future receiver performance requirements could reflect increasing levels of performance consistent with advances in the underlying technology.  For this reason, the signalling method we adopt as a standard should anticipate these potential future requirements so as to easily enable reverse-compatibility of receiver performance enhancements.

The purpose of this document is to present some possibilities for signalling and an evaluation of extensibility, limitations and issues.
2 Discussion
In order for networks to take full advantage of intelligent radio resource management techniques, it is desirable for the mobile terminal to indicate to the network whether it supports SAIC as discussed by Motorola [1] during GERAN #12, proposing three possibilities for SAIC signalling support:

1) No information to network, i.e. the network deduces mobile terminal support of SAIC from uplink measurement reports.

2) Classmark information using the version number, i.e. that SAIC support may be inferred for mobiles beyond a certain specification version.

3) Explicit Classmark information specifying whether SAIC is supported.

Subsequent discussions among manufacturers have indicated that the most appropriate method, given the constraints of the existing GSM system and specifications, is option #3 by which the network would be informed by an optional field in the “Classmark 3” message specified in TS 24.008, clause 10.5.1.7, [2], which was added to accommodate the notification of support for such 2.5G and 3G enhancements as GPRS/EDGE, various Multislot capabilities and Dual Transfer Mode.  
The Classmark 3 message is easily modifiable to accept an optional element indicating SAIC support.  The method is inversely-compatible with the legacy mobile population, viz. that legacy mobiles would not send the optional information element, thereby allowing the network to infer that they do not support SAIC, but rather use conventional receivers.  It is also very simple to implement in both the specifications and equipment.  

Following are some examples of how to specify signalling requirements, plus a third possibility that revisits our original assumption of eliminating the requirement for signalling altogether.

2.1 Logical binding of receiver performance to protocol version
One way to specify the signalling requirements for what to send in the Classmark is simply to define a flag in TS 24.008 [1] to indicate SAIC availability by the mobile terminal, then to define i) the scope and ii) meaning of the flag as it relates to the current version of the protocol.  The following is an example of how the requirement may be worded:

“The optional Boolean flag ADVANCED_RX_SUPPORTED shall be sent in the Classmark 3 message if the mobile station supports advanced receiver requirements.  If this flag is present, then it indicates that the mobile station conforms to the optional advanced receiver performance specifications defined by the version of the core specification to which the mobile station was implemented.”
For example, if ADVANCED_RX_SUPPORTED is present and the version of the protocol is R6, then the mobile shall exhibit performance requirements consistent with the performance requirements for advanced receiver operation specified by TS 45.005 R6, and accordingly meet certification tests as specified by the tests of TS 51.010 R6 as well.

The consequences of such a technique is that it mandates the continuous upgrade of SAIC from one version of the specification to the next, if advanced receiver performance specifications differ from the previous version.  This is important, since it may present difficulties for manufacturers and operators who wish to offer their users an additional feature found in a subsequent release, but without incurring the time-to-market impact of having to implement the next level of advanced receiver specifications.

In effect, once SAIC is implemented in a mobile terminal product, this signalling approach makes upgrading SAIC mandatory to the next level of GERAN protocol release version, e.g. to support a new R8 feature, the mobile terminal would also require its receiver to be updated to conform to any updated advanced receiver performance requirements specified in R8.  This expectation may or may not be the intention of the industry.
2.2 Release-independent indication of receiver performance
An alternative to binding SAIC support, and therefore receiver performance requirements, to the protocol release is to send an optional field in the Classmark 3 message indicating an actual level of receiver performance specifications supported by the mobile terminal.  For example:

RX_PERF 00 – Basic conventional receiver support: no SAIC
RX_PERF 01 – Optional receiver performance enhancement: Level I
RX_PERF 02 – Optional receiver performance enhancement: Level II

The core performance specifications would define exactly what is meant by “Level I, II” and so on.  In this manner, a mobile implemented to any protocol release beyond the initial release supporting SAIC would be able to implement mobiles compliant to any specified set of receiver performance criteria and then indicate the performance level to the network.

There are some limitations to this approach.  For example, we as an industry group must anticipate the ultimate number of SAIC versions, and therefore the number of bits required to express this number, over the useful lifetime of GSM.
2.3 Modification of RXQUAL reporting: no signalling?
There is a significant limitation to the use of the Classmark 3 message when GPRS is used, i.e. the fact that it is only sent by the mobile terminal in GPRS mode when two-phase access is used.  This means that the operator will be faced with a choice, either i) to use one-phase access and assume the mobile does not support SAIC or to ii) use two-phase access deliberately so as to always obtain the Classmark.  Therefore, if the operator wishes to utilise SAIC with GPRS using one-phase access, then an alternate solution must be devised.
Consider our original working hypothesis of one year ago, i.e. that no signalling was required because a quality-based handover would be driven by the mobile terminal’s report of RXQUAL to the network.  RXQUAL is a simple mapping of Bit Error Rate (BER) to an arbitrary number before channel decoding is performed by the mobile, as specified by TS 45.008 [3] clause 8.2.3.1 and 8.2.4.  
Since SAIC comprises one of a number of methods for advanced detection, the computation of RXQUAL is performed after SAIC has demodulated the raw information contained by the received bursts, and in theory there should be no difference between a conventional receiver’s computation of RXQUAL and that of the SAIC receiver.  Therefore, from the perspective of the network, RXQUAL should mean the same thing for a mobile implementing a conventional receiver and one implementing an advanced receiver.

Therefore, it seems that the primary limitation of not implementing signalling is that it does not solve the problem of admission control based on a priori knowledge by the network of whether a mobile desiring access supports SAIC, and if so then whether it may be assigned a traffic channel in an interference-hostile environment.
3 Summary

As the SAIC feasibility study comes to a close, the decision of whether or not signalling is needed, and if so then how to specify it, becomes a more urgent priority and should be determined before terminating the study.  We welcome the input of operators and especially network manufacturers on this topic so that we may address it in a timely manner in the core specification phase to follow.
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