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Signal levels for TIGHTER interference performance requirements
1. Introduction

During the work on the TIGHTER WI [1] it has been shown that significant gains are achievable in both interference and sensitivity limited scenarios. These gains imply changes to the signal levels specified in TS 45.005 and correspondingly in TS 51.010 in order to reflect the improved receiver performance. This document discusses the required changes for receiver signal levels for specifying interference performance requirements and proposes a way forward. 
2. Discussion

The scope of the TIGHTER work is to specify a new set of performance requirements for MS single antenna receivers with increased performance. These requirements have to be specified at specific signal levels for testing MS conformance to the requirements.

The specification must define levels for the wanted input signal (C) and for one or more interfering signals (I) in order to test the interference performance of a receiver, which mainly depends on the interference ratio (C/I). The current TS 45.005 applies a variety of different rules for specifying either C or I in addition to the C/I requirements. For cochannel and adjacent channel interference requirements, the wanted input signal level C is specified in TS 45.005 section 6.3.4. For downlink advanced receiver performance requirements, the dominating cochannel interferer signal level I1 is specified in TS 45.005 annex L and N.

The first rule defined in TS 45.005 section 6.3.4 specifies the wanted input signal level 20 dB above the reference sensitivity level, resulting in C = -82 dBm for small MS. This level specification is applicable to all channels defined in TS 45.005 table 2 and implies (with table 6.3-1) Ic = -91 dBm for CCI and Ia1 = -73 dBm for ACI specification, except for some additional TCH/AFS spec points (specified for Ic = -88 dBm and Ia1 = -70 dBm) and TCH/AHS spec points (specified for Ic = -94 dBm and Ia1 = -76 dBm).

While initially all circuit switched channels of the GSM system were designed for a common C/I operation point, the situation started to change with the rate adaptation of AMR (reflected in table 2 by extremely low FER requirements and additional spec points FER@-3dB for TCH/AFS and FER@+3dB for TCH/AHS). The situation changed significantly with the introduction of GPRS, which was designed with rate adaptation to benefit from far higher C/I operation points. The signal levels had to be increased for reasonable interferer tests, which need to avoid the thermal noise strongly influencing the test result and limiting the validated interference performance. For example, for an operating point of C/I = 27 dB at which PDTCH/CS-4 could be used in DCS 1800, the interferer level would have been only Ic = -109 dBm if C = -82 dBm had been applied according to the first rule.

The second rule defined in TS 45.005 section 6.3.4 specifies the wanted input signal level dependent on the required interference ratio C/Ic and the type of equipment. The calculation of C is specified in such a way that the result is a constant interference signal level Ic = -91 dBm for the small MS CCI specification. 

· Applied to GPRS and EGPRS GMSK modulated channels, this level specification implies (with table 2a) the wanted input signal level in the range C = -82 ... -64 dBm for CCI and the same levels are used for ACI in combination with a constant ACI level Ia1 = -73 dBm.
· Applied to EGPRS 8-PSK modulated channels, this level specification implies (with table 2c) the wanted input signal level in the range C = -76,5 ... -60,5 dBm for CCI and the same levels are used for ACI in combination with an ACI level varying around Ia1 = -74,5 dBm (based on the difference between table 2g and table 2c, see [2]). 
The signal levels in this specification are high enough to validate the original interference performance specification without significant deterioration by thermal noise. Specifically, the wanted input signal level never falls below C = -82 dBm according to the first rule and maintains at least 20 dB difference to the reference sensitivity level.

For the TIGHTER interference requirements specification, sufficiently high signal levels are quite relevant to validate the achievable interference performance. There are basically two options to partly reuse the current definition of the signal levels, but it is not possible to reuse them altogether. When tightening the performance specification for CCI by lowering the interference ratio C/Ic, it is either possible to keep the wanted input signal level C, or to keep the CCI level Ic. For a simple numerical example, tightening of EGPRS MCS1-4 CCI performance for TU propagation conditions by 12 dB is assumed, which is in the order of magnitude of the current proposals [3]. Then the options are:

· Option A:    keep the wanted input signal level in the range C = -82 ... -64 dBm and increase the CCI level to Ic = -79 dBm

· Option B:    reduce the wanted input signal levels to the range C = -94 ... -76 dBm and keep the CCI level at Ic = -91 dBm

Neither of these options can be concluded from the specification in a straightforward manner.

Option A would not need any change in TS 45.005 section 6.3.4, because the calculation of C is explicitly based on table 2a, and the increase of Ic is just a consequence of the tighter interference ratio. Option B would need a change in TS 45.005 section 6.3.4, because the calculation of C would need explicit reference to the interferer ratio to be specified for TIGHTER, replacing the reference to table 2a. However, the wanted input signal levels assumed in option B can fall below C = -82 dBm, so that the difference to the reference sensitivity level can be significantly less than 20 dB, which was avoided by the first rule. Option A does not suffer from this deficiency. In summary, both options do not provide an easy way forward for TIGHTER specification.

To some extend the problem was already observed and solved when DARP phase 1 was specified in TS 45.005 annex L. For DTS-1 tests, there is only a single cochannel interferer at a fixed level Ic = I1 = -80 dBm.

· Applied to GPRS and EGPRS GMSK modulated channels, this level specification implies (with table 2o) the wanted input signal level in the range C = -77,5 ... -58 dBm for CCI.

These levels are high enough for further tightening by several dBs, which can be expected based on the current proposal [3] even for MS supporting DARP phase 1. This will reduce the wanted input signal level C to values quite similar to the range considered for a TIGHTER CCI specification with option A.

Regarding the example of GPRS and EGPRS GMSK modulated channels, specification of a fixed interferer input level Ic = -80 dBm for TIGHTER CCI performance requirements has the advantages that it

· maintains a difference between the wanted signal level and the reference sensitivity level of at least 20 dB, which is considered necessary for reasonable interference tests in GSM system,

· provides a very good and simple approximation of option A above, which reflects the same wanted signal levels as in the current specification, and

· fully exploits the similarity of CCI and DTS-1 test case, which allows avoiding duplication of test cases.

As a way forward for TIGHTER specification, it is proposed to specify a fixed interferer input level of Ic = -80 dBm for packet switched TIGHTER CCI performance requirements. Assuming 18 dB adjacent channel protection, it is proposed to specify a fixed interferer input level of Ia1 = -62 dBm for packet switched TIGHTER ACI performance requirements. The structure of the proposal is similar to the signal level specification for EGPRS2, which also assumes fixed CCI and ACI with an offset of 18 dB, but the absolute levels of the interferers are increased to reasonably support validation of TIGHTER performance requirements. Furthermore, the dependency of the signal levels on the specific MS equipment type is removed, as it was removed already for DARP.

For TIGHTER it has been agreed that the reference performance will be specified at a fixed FER level and the 1% FER level has been proposed for all the relevant TCH services. As a consequence of specifying the TIGHTER reference performance at a rather high fixed FER level, relative to the current approach used for TS 45.005 table 2, the range of operation of the CCI performance specification is extended into deeply negative interference ratios.

As an easy solution it is proposed to keep the fixed wanted signal input level C = -82 dBm for narrowband speech TIGHTER interference performance requirements from the existing specification, assuming small MS and removing the dependency of the signal levels on the specific MS equipment type. 

Wideband speech channels, which are currently tested at the same interferer levels as EGPRS, rely on higher interference ratios than narrowband speech channels. Based on this similarity to packet switched channels, it is proposed to specify a fixed interferer input level of Ic = -80 dBm and Ia1 = -62 dBm for TCH/WFx TIGHTER CCI and ACI performance requirements, respectively.
3. Conclusions

Results reported within the TIGHTER WI show significant improvements in MS interference performance. In order not to sacrifice the performance gain by limitations from thermal noise in the test scenario, it is necessary to increase the fixed interferer signal level used for packet switched services and AMR WB.

For AMR NB and other circuit switched channels, even with TIGHTER requirements being specified at the 1% FER, no significant changes in signal levels for interferer test cases are required.

The sourcing companies propose to mostly keep the signal level definitions for interference performance requirements except defining a higher fixed interferer level of -80 dBm for CCI, as already used for DARP phase 1, and of -62 dBm for ACI to be applied for packet switched services and AMR WB.
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