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MFBI support in GERAN
1 Introduction
Given the significant impact to GERAN signalling if sending explicit Multiple Frequency Band Indicator (MFBI) lists per neighbouring E-UTRAN and UTRAN frequency to multi-RAT capable mobile stations in connected mode, a solution in which supplementary (i.e. overlapping) E-UTRAN and UTRAN frequency bands (EARFCN and UARFCN) are provided to an MFBI capable MS by means of legacy signalling was agreed as a working assumption at the GERAN#60 meeting.
The purpose with this paper is to further discuss different aspects of MFBI support in GERAN for mobiles in connected mode.
2 Discussion
2.1 Expected MFBI behaviour
The working assumption for MFBI support for mobiles in connected mode basically implies that the BSS shall be able to send two or more EARFCNs/UARFCNs (from which the MS can derive the corresponding frequency bands) referring to one and the same physical carrier frequency in the Measurement Information or PMO message, and that the MFBI capable MS, if supporting any of the derived frequency bands, shall be able to indicate support for at least one of the frequency bands in the measurement report.
With the information provided in the measurement report, the BSS may safely trigger a handover (or a channel release with redirection) to an E-UTRAN or UTRAN neighbour cell it already knows is operating with one or more of the frequency bands supported by the MS, i.e. without adventuring the handover (or an inter-RAT cell reselection) for which there would otherwise be a risk of failure.
As to one of  the working assumptions at GERAN#60, the MFBI capable MS is assumed to inform the BSS of its E-UTRAN and/or UTRAN MFBI capabilities in the MS Classmark 3 and MS Radio Access capability IE’s.

Figure 1 below gives an example of two E-UTRAN neighbour cells operating with 2, respectively 1, overlapping frequency bands and the EARFCN list as included in the Repeated E-UTRAN Neighbour Cells struct in e.g. the Measurement Information message.
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Figure 1: Example of an EARFCN list provided in e.g. the Measurement Information message. Frequency bands numbers indicated in the figure are just shown for illustration.
Given the neighbour cell configuration as depicted in figure 1 above, an E-UTRA MFBI capable MS only supporting frequency band 3 is expected to send a measurement result to the network with a reference to frequency index EARFCN = A3 for neighbour cell A.
Another MFBI capable MS supporting legacy band 1 and overlapping band 2 is expected to send a measurement result for at least one of the frequency indices referring to EARFCN = A1 or EARFCN = A2 for neighbour cell A.
In the latter example in which the MFBI capable MS supports two of the frequency bands in cell A, the MS should preferably only send one measurement result to the BSS in the measurement report, i.e. the MS will only indicate support for one of the frequency bands in the cell. By always selecting and reporting the highest index in the E-UTRAN Neighbour Cell list representing a frequency band supported by the MS (in this example overlapping frequency band 2), a priority order among the frequency bands can be maintained from the network.
2.2 Impact on legacy E-UTRAN/3G neighbour cell list
The building of the E-UTRAN Neighbour Cell list in the multi-RAT MS supporting E-UTRAN is defined in TS 44.018 section 3.4.1.2.1.1a and the specific rules to apply if the network provides “the same E-UTRAN frequency” more than once within one and the same message is defined as follows (a similar rule is also defined for the 3G Neighbour Cell list in section 3.4.1.2.1.1):
“In case the same E-UTRAN frequency occurs more than once in the resulting E-UTRAN Neighbour Cell list, each occurrence shall be assigned an index but only the E-UTRAN frequency with the highest index in the E-UTRAN Neighbour Cell list shall be referred to in measurement reports.”

Depending on interpretation, the statement “the same E-UTRAN frequency” can refer to one of the following alternatives, or possibly both:
1) an E-UTRAN frequency with EARFCN value = X is provided more than once;
2) the same physical E-UTRAN frequency, but with different EARFCN values, is provided more than once.
Most likely the legacy text refers to alternative 1 as a way to protect the MS from an erroneous BSS behaviour sending the same EARFCN value more than once within one and the same message. However, also the second alternative cannot be precluded since the support for overlapping frequency bands was not discussed or even conceived at the time inter-RAT mobility to E-UTRAN was introduced in Rel-8, thus some legacy mobile stations may consider two different EARFCN values designating the same physical E-UTRAN carrier frequency as being erroneous (i.e. the E-UTRAN frequency with the lowest index in the E-UTRAN Neighbour Cell list would be ignored).
This interpretation is also somewhat strengthened by the following definition in TS 25.331 how to provide EARFCNs in neighbour cell information sent from the RNC.
“It is always ensured by the UTRAN that more than one entry for the same physical frequency is not configured regardless of the EARFCN used to indicate this.”
Given the reasons as described above, the concerned legacy text is understood as: one physical frequency is always designated by a single EARFCN value.
Provided this is the common understanding among companies, the legacy text for building the E-UTRAN Neighbour Cell list as defined in TS 44.018 (and TS 44.060) needs to be modified for an MFBI capable MS in order to fulfil the expected MS and BSS MFBI behaviour as described in section 2.1 above.
Similar modifications to the 3G Neighbour Cell list in TS 44.018/TS 44.060 is also seen as necessary.

Proposed changes are provided in GP-140161 and GP-140162, ref [1] and [2].

2.3 MS monitoring requirements
Likewise to the quoted E-UTRAN Neighbour Cell list text in section 2.2, a similar phrase “number of E-UTRAN frequencies” exist in the legacy text for describing the MS behaviour if the number of frequencies to monitor exceeds the requirements as defined in TS 45.008. Following text is copied from TS 44.018 section 3.4.1.2.1.1a:
“The mobile station behaviour is not specified if the number of E-UTRAN frequencies exceeds the MS monitoring capabilities as defined in 3GPP TS 45.008.”

Given the proposed interpretation in section 2.2, i.e. that a given E-UTRAN frequency is always designated by a single EARFCN, the maximum number of FDD or TDD E-UTRAN frequencies an MS is required to monitor is then the same as the number of EARFCNs provided from the BSS.
In this case a multi-RAT MS supporting E-UTRAN shall be able to monitor up to 3 FDD (and/or 3 TDD) frequencies (ref TS 45.008 section 6.6.4), which would then correspond to 3 EARFCNs sent from the network representing 3 different physical frequencies.
Considering a mobile station is monitoring a physical frequency, it would be fair to assume that the MS monitoring capabilities will not be exceeded if the BSS provides the MFBI capable MS with an EARFCN list as exemplified in Figure 1, i.e. if the number of EARFCNs sent to the MS is 5 but the number of physical frequencies is in fact only 2.

However, in order to guarantee a mobile behaviour without any unknown or damaging side effects whereby the network knows the multi-RAT MS is capable of handling at least up to 3 physical E-UTRAN frequencies addressed by up to 8 EARFCNs (which is the maximum number of E-UTRAN frequencies in the E-UTRAN Neighbour Cell list), the MS need to signal its E-UTRAN MFBI capability to the network in the MS Classmark 3 and MS Radio Access capability IE’s.
Also a multi-RAT MS supporting UTRAN needs to signal its UTRAN MFBI capability to the network in the MS Classmark 3 and MS Radio Access capability IE’s for the same reason as an E-UTRA MFBI capable MS above.
3 Conclusions
This paper addresses some concerns how to support MFBI in GERAN for multi-RAT capable mobile stations in connected mode. Modifications to E-UTRAN Neighbour Cell list and 3G Neighbour Cell list is proposed so that overlapping frequency bands (i.e. a list of EARFCNs and UARFCNs) can be provided in Measurement Information and PMO messages to an MFBI capable MS.
CRs to TS 44.018 and TS 44.060 are provided in GP-140161 and GP-140162, ref [1] and [2].
Draft CR to TS 24.008 is provided in GP-140163, ref [3].
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