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

Measurement Reporting of E-UTRAN cells represents an important aspect of GERAN / E-UTRAN interworking and has been under discussion in GERAN since GERAN#38 [1][2][3][4]. In order to allow for the reuse of existing messages for measurement reporting, in particular of the MEASUREMENT REPORT message, an approach introducing measurement reporting with reduced granularity of 3 bits has been proposed at GERAN#39 [5]. This paper depicts a refined approach based on the proposed reduced granularity reporting in order to partially overcome its shortcomings. 

2. MEASUREMENT REPORTING USING REDUCED GRANULARITY
2.1 Feedback from RAN4

At GERAN#39 a liaison statement was sent to RAN4 [6] to request confirmation of the validity of 3 bit measurement reporting for E-UTRAN cells while in dedicated mode. 
In their response to GERAN (sent at RAN4#48bis and submitted to this meeting [7]) RAN4 have agreed this concept. Additionally, at RAN4#49, they have sent a second LS [8] providing guidance on the encoding of the measurement quantities both for 3 bit measurement reporting and for 6 bit measurement reporting, based on input documents to RAN4#49 [9][10].  
In particular RAN4 has provided a proposed encoding for RSRP in case of 6 bit reporting with a higher resolution of 1 dB in the interval where the measurements of suitable handover candidates are most likely to be located and a lower resolution of 2 dB for the remaining value range. For RSRQ, in case of 6 bit reporting the encoding described in 36.133 [11] can be directly used since no compression is needed. This encoding has been incorporated into the CR to 45.008 to GERAN#40 [12].
In case of 3 bit reporting RAN4 gives the example of a unique reporting step size of 3 dB as suggested in [5]. In case of 3 bit reporting employed for RSRQ RAN4 propose a unique reporting step size of 1.5 dB covering a range of at least 9 dB as suggested in [8].
2.2 Refined Concept
The proposed 3 bit measurement reporting in [5] is refined hereafter. In particular, three changes are proposed.
The first refinement is that the step size which refers to the range for each code point is not fixed but is signalled by the network via the parameter REPORTING_GRANULARITY. In particular, the network is allowed to signal two possible step sizes for the reported quantity.

The reporting is adapted to the measured range for E-UTRAN neighbour cells. Two reporting step sizes are defined, one step size with higher granularity and one with lower granularity. 

· In case of RSRP reporting the step sizes of 2 dB and 3 dB are proposed, covering either a measured range (code points “RSRP 0” to “RSRP 6”) of at least 14 dB with higher resolution of 2 dB or of 21 dB with lower resolution. 

· In case of RSRQ reporting the step sizes of 1 dB and 1.5 dB in accordance to [8] are proposed, covering either a measured range (code points “RSRQ 0” to “RSRQ 6”) of at least 7 dB with higher resolution of 1 dB or of 10.5 dB with lower resolution of 1.5 dB. Note the CR to 45.008 [12] contains an alternative proposal based on the step sizes of  1 dB and 2 dB, which would allow to cover the full RSRQ range between –3 dB and -19.5 dB by applying the 2 dB step size. However the first option based on guidance from RAN4 is preferred.  
The second refinement is that it is proposed that code point “0” does not correspond to the interval "RSRP < threshold", but to the interval "threshold < RSRP < threshold + step". This in practice corresponds to introducing a minimum threshold for reporting also for the quantity that is being reported: the reporting of E-UTRAN neighbour cells is omitted if the determined RSRP or RSRQ measured quantities cannot be assigned a defined code point meaning that for RSRP or RSRQ measured quantities which cannot be encoded, no report is being sent.  This increases  efficiency of measurement reporting since non-suitable cells are not reported and instead more space is left for neighbour cells of other RATs, e.g. GERAN or UTRAN neighbour cells, to be included in the measurement report. Another advantage of restricting the range of code point “0” is when averaging the reported results. With the new definition the signal level would be known more accurately; otherwise the level could be extremely low and the average would become distorted specifically when most results are at code point “0” and a few hit code point “1” or above. 

The reporting range is signalled by the network to the MS in the MEASUREMENT INFORMATION and SI2quater messages by the parameters REPORTING GRANULARITY and E‑UTRAN_MEASUREMENT_REPORT_OFFSET. Both depend on network planning parameters, like cell type (e.g. E-UTRAN macro cell, E-UTRAN micro cell) and cell range of E-UTRAN neighbour cells and are signalled either in the system information or via dedicated signalling during connected mode. The MS then evaluates all E-UTRAN neighbour cells on all signalled center frequencies and adopts the reported range as commanded by the network. 

The network evaluates the suitability of the reporting range. For instance, if two neighbour cells are reported with code point “7” using the higher resolution, then the network may decide to command to use the wider reporting range with lower resolution to identify the best neighbour cell out of both. Else if no neighbour cells are reported with code point “7”, the network may decide to command the narrower reporting range with a higher resolution using the MEASUREMENT INFORMATION message.
The third refinement is that the reporting range is related to a reporting offset parameter named E‑UTRAN_MEASUREMENT_REPORT_OFFSET that is signalled to the MS either in the system information or in connected mode via dedicated signalling. In case of RSRP reporting, code point “RSRP 0” then refers to the measured range between the signalled reporting offset and the level above indicated by adding the commanded step size (2 dB or 3 dB). Code points “RSRP 1” to “RSRP 6” cover the range above, which depends on the commanded step size, covering hence an RSRP range of 12 or 18 dB, respectively. Code point “RSRP 7” covers the RSRP range beyond 14 dB or 21 dB, respectively, above the signalled reporting offset, and hence is considered to indicate a most viable handover candidate.

The encoding of the measurement quantity in case of reduced granularity reporting with 3 bit is depicted in Figure 1 for the case of RSRP reporting, but applies in the same way for RSRQ reporting.
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Figure 1: Encoding of RSRP for reduced granularity measurement reporting with 3 bits in case of RSRP reporting.
In case of RSRQ reporting the principles are the same. Given that only one quantity is reported, only one value of the parameter E‑UTRAN_MEASUREMENT_REPORT_OFFSET is signalled, which takes a different meaning depending on the value of REPORTING_QUANTITY.
The inter-RAT handover algorithm will then consider handover to cells with reported code points making use of the reported RSRP or RSRQ quantity and of the order of the NC measurement report, if several neighbour cells are reported with the same code point. This information is believed to be sufficient to allow for a robust inter-RAT handover. 

This approach has been included in the CR to 45.008 [12]. 
 

3. Conclusions
This contribution has dealt with reduced granularity measurement reporting based on 3 bit reported RSRP or RSRQ quantity for E-UTRAN cells to allow for the reuse of the MEASUREMENT REPORT message when reporting these neighbour cells. According to received feedback from RAN4 the reporting mechanism has been refined to achieve highest reporting efficiency while still including flexibility for operation in different network deployment scenarios of E-UTRAN.  It is proposed to agree on this proposed reporting for GERAN/E-UTRAN interworking.
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