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On Measurement Reporting 
for GERAN/E-UTRAN Interworking
1. Introduction

Measurement Reporting for E-UTRAN cells identifies an important aspect for GERAN / E-UTRAN interworking. This has been discussed at GERAN#38 [1], [2] and at GERAN2#38bis [3]. This paper addresses some radio specific issues, that have been identified during the discussion so far.  
2. RADIO ASPECTS for E-UTRAn measurement reporting
In the GERAN2#38bis contribution [3] the underlying working assumption is to reuse existing measurement report messages also for E-UTRAN measurement reporting. It has to be taken into account that the same proceeding was applied for measurement reporting of UTRAN cells. During the discussion at GERAN2#38bis some issues were raised, that are treated in the following.

2.1 Threshold based measurement reporting

In E-UTRAN the agreed measurement quantities in RAN 4 are RSRP with 98 code points and RSRQ with 34 code points [4], yielding a length of 7 bits for RSRP with 1 dB resolution and 6 bits for RSRQ. 

Due to the limited signalling capacity in GERAN it is assumed that the full reporting of both quantities, summing up to 13 bits, is not efficient due to the simultaneous decrease of number of reported cells. Likewise as for UTRAN measurement reporting rather a threshold based solution should be considered, which foresees to report one quantity (either RSRP or RSRQ) if the other quantity is above a certain predefined and signalled threshold. 
2.2 Reporting resolution
The aspect of reduced reporting resolution for the measurement quantity was raised, since the reuse of existing messages would not allow the full reporting resolution. 

In [3] it was proposed to reduce the reporting resolution to 6 bits in order to make use of existing PACKET MEASUREMENT REPORT, ENHANCED MEASUREMENT REPORT and PACKET ENHANCED MEASUREMENT REPORT messages allowing for a 2 dB step resolution for RSRP and even an uncompressed reporting for RSRQ, respectively. This is equivalent to the size of the measurement quantities reported  for UTRAN. However to reuse existing MEASUREMENT REPORT message a further reduction  of the reporting resolution of 3 bits is required. 

As highlighted in [3] the reduction of RSRP to 3 bits allows to maintain the signalling of 6 neighbour cell measurement reports. This number of neighbour cell reports has been designed when GSM started to operate and has been evaluated as a viable compromise between service performance and usage of signalling capacity in GSM. Hence it is considered as a paradigm for viable radio network performance to maintain this number of 6 neighbour cells as much as possible for E-UTRAN measurement reporting as has previously been defined for UTRAN measurement reporting.

In our view the investigation in GERAN should first clarify whether there are issues with the 3-bit reporting resolution used for either RSRP or RSRQ since the purpose of E-UTRAN measurement reporting in GERAN would be to simply trigger cell reselection or handover towards E-UTRAN when being either in packet transfer mode, dedicated mode or DTM mode, i.e. in case of high signal quality for E-UTRAN only. Hence a type of emergency handover from GERAN to E-UTRAN is not foreseen. Once the MS is in E-UTRAN, the full reporting resolution will be available for both quantities, and may indicate a further intra-frequency or inter-frequency handover depending on the defined absolute cell reselection priorities.
2.3 Examplary encoding for RSRP with reduced reporting resolution 

An examplary encoding of the RSRP measurement quantity in case of reduced reported resolution is depicted in Figure 1.  
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Figure 1: Examplary RSRP encoding for E-UTRAN measurement reporting taking into account reduced reporting resolution of 3 bits.


The encoding is based on 8 codepoints. 

Codepoint “0” is assigned to the RSRP range below the cell reselection threshold, as defined in the absolute priorities cell reselection algorithm. It indicates that the RSRP is too low for executing a handover to this cell. Codepoints “1” to “6” cover the range above the cell reselection threshold with a proposed resolution of 3 dB, covering hence a RSRP range of 18 dB. Codepoint “7” covers the RSRP range beyond 18 dB above the cell reselection threshold, and hence is considered to represent a most viable handover candidate. 

Since each codepoint covers a range of RSRP values, increased resolution can be achieved by sorting the measurement in decreasing order in the report. This is most needed for codepoint “7”, since this is covering a wider RSRP range of suitable E-UTRAN cells, but also for code points “1” to “6”, whilst assumed not to be needed for codepoint “0”.  
The inter-RAT handover algorithm will then not consider handover to cells with codepoint “0” and makes use of the reported RSRP quantity and of the order of the NC measurement report, if several neighbour cells are reported with the same codepoint. This information is believed to be sufficient to allow for a robust inter-RAT handover. 
Note, in case RSRQ is being selected for reporting, the cell reselection threshold as a RSRP quantity cannot be applied. Hence a separate threshold needs to be signalled in this case.

On the other hand the cell reselection threshold may vary on a GERAN cell basis. Hence after a handover of the service inside GERAN in dedicated mode, the MS may be in the situation that the new cell reselection threshold for E-UTRAN , as depicted in Figure 1, broadcast on the BCCH is not yet known. Therefore it is proposed to include this cell reselection threshold (e.g. a 6-bit identifier) in the MEASUREMENT INFORMATION message sent in the new cell. This will contain either the RSRP threshold or the RSRQ threshold depending on the specified measurement quantity to be reported by the MS.

3. Conclusions
This contribution has dealt with radio aspects for E-UTRAN measurement reporting in context of allowing the maintaining of the MEASUREMENT REPORT message for inclusion of E-UTRAN cells. The reduction of resolution for the reporting quantity does not identify a critical issue, since the purpose of the measurement report is to trigger a safe handover to E-UTRAN, once E-UTRAN provides a good signal sterngth or signal quality. An examplary encoding for RSRP in case of RSRP resolution of 3 bits has been proposed together with rules for ordering measurement reports that is expected to ensure a viable interworking in dedicated or DTM mode between GERAN and E-UTRAN. It is proposed to proceed in GERAN along these lines in order to allow full reuse of existing measurement reporting messages for GERAN/E-UTRAN interworking.
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