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Measurement reporting of cells of more than one RAT
1 Introduction
Before the introduction of E-UTRAN in the 3GPP specifications, mobile terminals were most likely to support only one RAT in addition to GSM; with the introduction of E-UTRAN, terminals supporting GSM, UTRAN and E-UTRAN are likely to be implemented, so the possibility that the mobile may report cells of more than one RAT in the same measurement report message could arise.

The current GSM requirements for measurement reporting in TS 45.008 require that if the mobile has a certain number of inter-RAT cells to report and in the measurement report there is not enough space for all of them, then, as stated in subclause 8.4.8.1 for Enhanced Measurement Reporting, “the cells shall be reported that has the highest sum of the reported value (RXLEV or as defined in subclause 8.1.5) and the parameter XXX_REPORTING_OFFSET for respective radio access technology/mode”. In the case of a mobile supporting more than one RAT, if the mobile has to report cells from different RATs (e.g. UTRAN and E-UTRAN), the comparison of the (reported value + offset) may not be meaningful, as the levels for different RATs (e.g. RSCP for UTRAN, RSRP for E-UTRAN) may not be homogeneous quantities.

The case above could occur when the total number of cells to be reported is higher than the number of positions available in the report. For example, this could occur if the mobile has N valid UTRAN cells to report, and M valid E-UTRAN cells to report, but the number of positions in the measurement report message available for cells of other RATs is lower than N+M. Note that the network can set an upper limit to the values of N and M by means of the parameters XXX_MULTIRAT_REPORTING; but this may not always prevent the events described above from occurring.
Another case where similar issues could occur is the one described in subclause 8.4.7 of TS 45.008 for normal Measurement Reporting: “If there are still remaining positions, these shall be used to report the next best valid cells in other radio access technologies for which XXX_MULTIRAT_REPORTING is non-zero. The best cell is the cell with the highest reported value (see subclause 8.1.5)”. Even in this case the mobile may need to prioritise between cells of different radio access technologies to decide which ones should be reported, if the number of cells to be reported is higher than the number of available positions.

Another case that requires consideration is when the reporting quantity for one RAT is the signal level (RSCP for UTRAN, RSRP for E-UTRAN) and for the other is the signal quality (Ec/N0 for UTRAN, RSRQ for E-UTRAN). For example, the mobile could be ordered to report Ec/N0 for UTRAN and RSRP for E-UTRAN. In that case comparing the reported values, as requested by the rules quoted above, is meaningless because the compared quantities are completely different. Note that in TS 45.008 there is already a case where this could occur, i.e. priority level 4 as described in subclause 8.4.8.1. In that case the issue has been resolved by specifying that “For UTRAN FDD cells within this priority level, the reporting priority shall always be based on RSCP even if Ec/No is reported and the non-reported value shall be equal or greater than FDD_REPORTING_THRESHOLD_2” The specification however does not yet cover the case of E-UTRAN cells; so, at the very least, some changes are required to take care of that scenario.
2 Proposals
In order to resolve these issues highlighted in the introduction, one possible method could be the following. Instead of comparing the reported values for different cells (with the possible addition of an offset), the mobile station should compare the reported values (with the possible addition of an offset) minus the reporting threshold, and report the cells for which the resulting values are greater. The reporting threshold is the level of the measured cell below which the measurement result is not reported to the network; this parameter (one value for each radio access technology/mode) is signalled by the network to the mobile.
The solution described above is illustrated in Figure 1.
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Figure 1
Qrxlevmeas and Qqualmeas are the RX level value (RSCP for UTRAN, RSRP for E-UTRAN) and the quality value (Ec/N0 for UTRAN, RSRQ for E-UTRAN), respectively; the symbols defined in TS 25.304 and TS 36.304 are used. The parameters XXX_REPORTING_THRESHOLD and XXX_REPORTING_OFFSET are defined in TS 45.008. The quantity shown by the green line is used for the comparison between different cells to be reported.
This proposal has the advantage to provide a method to “normalise” measurements from different RATs, possibly relating to different quantities.
An alternative approach could be to “normalize” the reported values not to the reporting threshold, but to the minimum level or minimum quality for the target cells (with the possible addition of an offset). This however has some disadvantages:

· the parameters are currently provided for use in idle mode and packet idle mode, and are not used in dedicated or packet transfer mode; for example, they might not be available to the mobile following a handover (although in this case default values could be used)

· the dynamic range for the signal level and the signal quality can be quite different, making it difficult to compare the two quantities.

Another possible alternative could be to extend the use of priorities (which are used for cell reselection) to dedicated mode and to packet transfer mode, so that the mobile can use this information to prioritise cells to be reported. In other words, cells could be added to the report message in the order given by the reselection priorities (currently used only in idle mode or packet idle mode) and if not all cells from one priority layer fit into the message, the existing rule (prioritise according to the reported level) would be used for decision on the one(s) to be reported (note that all cells on one priority layer belong to the same RAT). However, this solution is complex and has some technical drawbacks. For this reason, it is preferable for connected mode operation to be independent of priorities and rely on the reporting parameters to prioritise the cells.

3 Further discussion

Following the discussion in section 2, it is proposed to adopt the following rule for the prioritisation of the inter-RAT cells, both for normal MR and for EMR:

the mobile station compares the reported values (with the possible addition of an offset) minus the reporting threshold, and reports the cells for which the results are greater.

One of the advantages of the proposal is that, when comparing signal levels for different radio access technologies, only the relative levels with respect to a threshold are compared (in dB) rather than the actual measured levels in dBm. Therefore even if the absolute ranges for the measurements may be different (for example, in TS 45.008 the range that can be reported for RSCP is from -116 dBm to -52 dBm, while the range for RSRP is from -140 dBm to -44 dBm), the relative values give an indication of how “good” a cell is with respect to a reference defined by the operator. Additionally, by using the relative value with respect to a threshold, it is possible to compare the signal level for one radio access technology and the signal quality for the other. Even though they may have different dynamic ranges (the dynamic range for the level is typically [80-100] dB, while the dynamic range for the quality is about [15-20] dB), and therefore may be seen as a “coarse” approach, it is still a better method than what is currently in the specifications. And it has the advantage of being simple and not requiring the introduction of any new parameters in the GERAN specifications (all the parameters used are already available to the mobile station).

At present the parameter XXX_REPORTING_OFFSET is only used in case of Enhanced Measurement Reporting; with the new rules, its use would be extended also to the case of normal Measurement Reporting. It is worth noting that in TS 44.018 and TS 44.060, the parameters XXX_REPORTING_THRESHOLD and XXX_REPORTING_OFFSET are always sent together; the parameter XXX_REPORTING_OFFSET is mandatory whenever XXX_REPORTING_THRESHOLD is sent. So even though currently XXX_REPORTING_OFFSET is used only in case of Enhanced Measurement Reporting, it should not be a problem to extend its use also in case of the normal Measurement Reporting. No signalling changes are needed.

For the case where the signal level is reported for one RAT and the quality is reported for the other, one alternative possibility could be to use a similar method to what is currently specified for priority level 4 in 8.4.8.1, i.e. always use the signal level to prioritise cells to be reported. However, given that a method like the one proposed in this document would be required even when comparing UTRAN and E-UTRAN signal level measurements, and that it works also when the reported quantities are different, it is proposed that it is also used for the latter case without any additional changes.
4 Conclusions
In this contribution, some issues that arise when the mobile is reporting cells of more than one RAT are discussed, and a proposal for their resolution are provided. The corresponding CRs with the necessary changes to TS 45.008 can be found in [1] and [2].
The changes in [1] and [2] are made in such a way that the impact on existing implementations is minimised; in other words, the existing requirements are kept unchanged for mobile stations supporting only GSM and UTRAN, and the proposed requirements would apply only to mobiles supporting GSM, UTRAN and E-UTRAN. This is certainly the intention for Rel-8. For later releases (e.g. Rel-9 onwards), it can be discussed whether the proposed rule could be extended also to mobiles supporting only GSM and UTRAN, so as to harmonise terminal behaviour.
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