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At GERAN#67 a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was approved, see [1].
CRs to 3GPP TS 45.008 introducing EC-EGPRS have been approved in [3]. One aspect that is covered in 45.008 is received signal level measurements. The purpose of this discussion paper is to continue the discussion that has taken place in GERAN relating to introducing SINR based measurements for EC-GSM-IoT. Both cell (re)selection and coverage class selection is considered in the document.
[bookmark: _Ref448929159]Current received signal level measurements
A procedure for received signal level measurements is described in subclause 6.9 of [3] and is used for the following purposes:
· Cell selection
· Cell reselection
· Coverage class selection
· Deriving the C value in packet idle mode
The principle of the current received signal level measurements is that the “received signal level at the receiver input shall be estimated by the MS on bursts of the FCCH and EC-SCH channels” and that “The estimated received signal level shall exclude contributions from other sources such as interference and noise”. 
This ensures that the MS gets a correct estimation of the signal level from the measured cell, and that the effect of BTS power down-regulation and external interference is avoided (/minimized).
[bookmark: _Ref441453403]SINR based measurements
General
Measuring the wanted signal level rather than the total signal level will be advantageous at low signal-to-noise ratios. However, in presence of interference, the link performance can be very different at a given wanted signal level, depending on the level of interference. This may have to be taken into account especially in tight reuse scenarios where interference levels can be expected to be high. 
Therefore, it has been discussed to take the SINR (signal-to-noise-and-interference ratio) into account in e.g. cell (re)selection and coverage class selection.
A straightforward way to estimate the SINR is to measure the wanted signal level W (as in current received signal level measurements, see Section 2) and the total signal level T and calculate the SINR as

To do SINR estimation in this way, and the accuracy of it is investigated in [4].
One could also envisage a quality based metric, based on for example equalizer / decoder performance, which could also reflect differences in for example interference suppression capabilities. This would however probably complicate the specification work and might also not give as accurate results as the correlation based SINR estimation as investigated in [4]. Using for example soft bit output from the equalizer might give rather noisy estimates.
Cell (re)selection
Traditionally cell selection in GSM is done based on total signal level received (RLA_C) for a certain ARFCN. The MS will camp on the cell if it is allowed to access it, RLA_C is above RXLEV_ACCESS_MIN and its output power is sufficient to access the cell.
For cell reselection additional functionality is added that allows the network to control the relative ranking between cells, where also a signal level offset for the cell reselection is possibly added.
For PEO and EC-GSM-IoT the RLA_C measure is improved by ensuring that the signal level samples are taken on resources not being subject to power control from the network. Also, for EC-GSM-IoT, contribution from interference and noise is excluded. The signal level measurements for PEO and EC-GSM-IoT are referred to as RLA_GC and RLA_EC respectively.
If cell (re)selection would be based on SINR measurements instead, it would have the MS select a cell where the least resources are expected to be used by the MS (assuming a higher SINR means less transmission time). In a pure sensitivity limited scenario the SINR based cell (re)selection and the signal level based cell (re)selection would result in the same cell being selected. However, with interference taken into account the selected cell can differ in that a SINR based selected cell might not be the strongest cell in terms of signal level selection.
Another aspect of selecting cell based on SINR is that a sort of cell breathing effect might take place. That is, a cell with a higher SINR is more probable to carry more traffic (less external interference) than neighboring cells (being interfered by the cell(s) carrying more traffic). This is illustrated with a simple example in Figure 1.
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[bookmark: _Ref448932056]Figure 1: Signal level selection (above) and SINR based selection (below)
In the top part of the figure signal level based selection is used and the MS selects the right cell due to higher signal level being received. In the lower part of the figure SINR based measurement is instead used, and the left cell is selected since the right cell creates relatively less interference.
In [4] it was shown that the SINR estimation is limited to a certain range, provided that certain accuracy is to be achieved. At higher SINR levels a signal level based measure is more appropriate. Furthermore, for a MS that supports not only EC-GSM-IoT it might camp on cell supporting only GPRS/EGPRS/PEO. In this case, those cells would be ranked based only on signal level. Hence, the MS would have a mix of cells based on SINR measurements and some based on signal level measurements.
Also, it is not clear if a SINR based measurement would result in more frequent cell reselection behavior due to varying SINR levels in the network, than if signal based measurements are used. A trigger of cell reselection measurements will consume MS battery power, and there is a trade-off in how frequent the trigger for these measurements is, and how optimum the cell that the MS camps on is.
Although it has not been investigated yet, the above mentioned aspects of SINR based measurements for cell (re)selection, makes an inclusion of it in Rel-13 of EC-GSM-IoT challenging. It is hence proposed to focus the evaluation of the remaining exception item in the exception sheet (“SINR/quality based mobile measurements”) focuses on Coverage Class selection, and leaves the cell (re)selection signal level based.
Coverage class selection
[bookmark: _Ref449006530]General
Once a MS has selected a cell, it needs to select the Coverage Class (CC) to use for initial access on the cell. The CC selection procedure is described in [3] and is basically determined after an evaluation of the signal strength measured in the cell, compared to thresholds broadcasted by the network.
In contrast to the cell selection procedure, CC selection based on SINR could have more potential than signal strength measurements. This is specifically true when tightening the frequency re-use factor, which increases system interference, and hence the signal level based metric and the SINR based metric will deviate more and more. In a strictly sensitivity limited network, both metrics provide the same result. 
DL
In GSM the DL SINR will vary over time, and could do so more than the signal level based estimation. Still, the wanted signal (RLA_EC) will be constant (disregarding fast fading components, and possible movement of the MS) over the [5 seconds] a MS will collect its SINR estimate. Also the interference will be reasonably constant considering that the GSM DL interference relatively robust to load differences due to the requirement on constant transmission by all BTS on all BCCH carriers. Using BCCH Power Savings will change the interference characteristics, but still the allowed down-regulation is within 6 dB, and considering that the MS would take [5 samples] over the [5 seconds], also the interferer level should reasonably well reflect the average level experienced in  the position of that MS.
UL
The measurements of UL interferer levels are not under control of the MS, and hence, the best the MS can do is to base the estimated UL SINR on the measured DL SINR, possibly together with the knowledge of the estimated loss in the radio link. This is however not trivial. The DL interference will not vary significantly with load, but that will UL interference (resources are empty if no users are assigned to them). So, even if there would be a strong correlation between UL and DL SINR values, i.e. SINRDL = SINRUL – X, the offset between then would vary with time. On the other hand, by the CC adaptation present on the EC-CCCH in EC-GSM-IoT, the MS would only start a TBF transfer if it is able to synchronize to a cell (decode the EC-SCH and EC-BCCH) and being assigned resources for the TBF (the CC is adapted on the EC-CCCH until both EC-RACH and EC-AGCH can be decoded). This serves as a protection in erroneous UL CC selection, if only signal level based. From the EC-RACH the network would have an estimate of the carrier strength of the MS, and will, with the blocks being sent in the TBF get a further refined estimate of the signal level. Also, the network can measure the interference level on the resources being assigned the MS, and would be able to derive an SINR estimate. Since the network is in control of the CC used when in Packet Transfer Mode, and the network will be able to change the CC in each PUAN, it can assign the UL CC based on the estimated SINR level. The network may use another metric for CC selection, as discussed in Section 3.4, for example based on equalizer output. Based on the above reasoning, the UL SINR based CC selection can take place even if the initial CC selection by the MS on the UL is signal level based.
Conclusion
Based on the above discussion the following is proposed:
· Proposal 1: SINR based measurements are only considered for coverage class selection and not for cell (re)selection purposes in the Rel-13 work for EC-GSM-IoT
· Proposal 2: SINR based measurements for coverage class selection is only considered for DL CC selection in the Rel-13 work for EC-GSM-IoT. On UL the MS selects CC based on signal strength, and the network may adopt the CC based on SINR/quality based measures.
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