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1. Introduction

At GERAN#69, the discussion on introducing SINR estimation for cell reselection and coverage class (CC) estimation in interference limited scenarios has been continued based on [1]. In addition, received signal level measurements have been introduced to the radio link control specification 3GPP TS 45.008. At the GERAN Telco#7 on CIoT_EC_GSM, two contributions [3, 4] proposed to base the DL CC selection on SINR measurements by the MS, and there were no objections.

This contribution is an update of [4]. It deals with the DL CC selection and lists drawbacks of the signal level based selection in interference limited scenarios in section 2. Furthermore it investigates several aspects for using an SINR based DL CC selection mechanism in section 3 and proposes in section 4 a way forward in regard to normative work.
In the following, major changes compared with [4] are marked by blue and, if particularly important, bold red font.
2. MOTIVATION

Currently, 3GPP TS 45.008 subclauses 6.9.4 and 6.10.2 specify a DL CC selection based on
· the received signal level excluding contributions from interference and noise and
· lower and upper limits of RLA_C for each CC, for which threshold parameters are broadcast in EC-SI2.
This approach is believed to work properly under noise limited conditions because the thermal noise level (plus noise figure) is the same throughout the network, hence cell-wide thresholds for the CC selection are suitable. In interference limited scenarios however, this approach will lead to problems as depicted below.
2.1 Problems with signal level based DL CC selection in interference limited 
    
scenarios
If the EC-GSM-IoT supporting MS is in an area with interference limited conditions and if the MS cannot cancel the interference, a CC that is selected merely based on the wanted signal level may not be robust enough, and the link may fail. A workaround is to shift the CC specific signal level thresholds in terms of dBm (cf. TS 45.008 v13.1.0 table 6.10.2-1) that much up that even in the most interference limited areas of the respective cell, a sufficiently robust CC is chosen. This cell-wide shifting up of the thresholds, however, results in an inefficient DL transmission for MS in areas with less interference which has following disadvantages:
· waste of DL capacity due to an unnecessarily large number of blind physical layer transmissions,
· higher CC selected also for the paging and
· thus a noticeable impact on the battery life of mobile stations in unnecessarily high DL CCs is expected.
Furthermore this requires a complicated determination of the highest interference level in a cell (related to location/time) to enable the workaround.
This is illustrated in Figure 1.
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Figure 1: Determination of the maximum interference level in a cell area for applying a shift to the CC specific signal level thresholds for DL CC selection in interference limited scenarios.

2.2 Mitigation of problems by SINR based DL CC selection
In [1] and [3], the SINR estimation for an SINR based DL CC selection was proposed. It shall allow for operation in both noise and interference limited conditions. The operator need not know the highest interference level in each cell to shift the thresholds sufficiently. However, also the SINR based DL CC selection has some implications which will be discussed in the following.
3. ASPECTS OF THE SINR based DL CC SELECTION
Different aspects are considered in this section for using an SINR based DL CC selection mechanism.
3.1 Types of noise/interference

In principle, there are three basic contributions to the noise and interference in the SINR measurement:

· Thermal noise, its level depending in particular on the noise figure and the Rx filters' equivalent noise bandwidth.
· CCI by another GSM signal. A particularly adverse case for higher coverage classes is CCI caused due to repeated interference from synchronous neighbour cells.
The CCI can be assumed to experience more or less the same attenuation by the Rx filters as the wanted signal.
If an MS supports interference cancellation, it is assumed to provide a superior detection performance which, however, is not reflected in the SINR measurement! 
· ACI by another GSM signal. Usually, the focus is on the first adjacent channel (±200 kHz) because it plays a larger role in the field than interferers with higher frequency offsets. Its level in the SINR measurement depends strongly on the Rx filters' adjacent channel protection (ACP).
In the field, there is usually a mix of contributions where one of them dominates (typically noise or CCI).

3.2 Implementation dependency

All of the following MS properties mentioned in subsection 3.1,
· the noise figure,
· the equivalent noise bandwidth and
· the ACP of the MS's Rx filter chain

are implementation dependent. Hence it is not possible to tell what SINR a MS will measure under sensitivity limited conditions at some given input level of the wanted signal. Similarly, in the case of ACI, it is not possible to calculate from a C/Iadj,200kHz at the receive antenna what SINR an MS will measure.

The only case in which the SINR measured by the MS can be predicted without making assumptions on MS implementation dependent parameters is a pure CCI case where the interference is so much stronger than the noise that the following approximation is valid: SINR ≈ C/Ico.

Although the SINR can be easily calculated in the case of a strong single co-channel interferer, it will be difficult to map the SINR to a BLER performance. There are numerous different MS implementations with and without interference cancellation, and the performance spread between the different MS implementations is probably higher in the case of a strong single co-channel interferer than in the ACI and sensitivity cases.
Observation:
Due to MS implementation dependencies, SINR ranges for the different coverage classes that are suitable for sensitivity and ACI cases cannot be derived from the future MS performance requirements in TS 45.005.
3.3 Consequences related to normative work
3.3.1 Threshold setting for DL CC selection

The network will have to broadcast the SINR thresholds which define SINR ranges for each CC. The best information source for choosing these thresholds may be the foreseen table 2ai in TS 45.005 [2], "Cochannel interference ratio at reference performance (for EC-GSM-IoT MS) for GMSK modulated signals". However, the MS must select a suitable DL CC under all combinations of noise, CCI and ACI – not just in the CCI case! Hence if this table 2ai implies some minimum level of interference cancellation, using thresholds based on this table may be too optimistic for noise limited conditions, possibly resulting in link failures.

3.3.2 MS conformance testing

Ideally, a test case on DL CC selection should cover both sensitivity and interference limited conditions. However, it will have to be a pure CCI case (with a sufficiently high input level) – otherwise GERAN would have to make assumptions on MS implementation dependent parameters as outlined in section 3.2. This means that the sensitivity limited case which may be the most important case for EC-GSM-IoT cannot be covered.
4. Discussion and PROPOSAL
The SINR calculation depends on MS implementation dependent parameters which GERAN will not (and should not) specify. This complicates the setting of thresholds for the DL CC selection for the operator and makes MS conformance testing of the DL CC selection under sensitivity limited conditions virtually impossible. In the light of the disadvantages of the signal based DL CC selection, listed in section 2, the sourcing company believes that ignoring the interference completely in the DL CC selection (or trying to take the DL interference into account on the network side by shifting up the CC thresholds) is even worse.

Hence the sourcing company recommends to replace the level based DL coverage class selection by the SINR based DL CC selection and does not request system simulations for further justification. However, GERAN will need a method to find SINR thresholds for the CCs that work well

· under all combinations of noise, ACI and CCI including repeated interference
· with every MS
without generally selecting too robust CCs.

If this turns out not to be trivial, GERAN should specify a table (values to be agreed in a similar manner as for MS Rx performance tables) with combined worst case thresholds for at least two propagation conditions (e.g. TU1.2 no FH and TU50 no FH in low band) and ask MS manufacturers to contribute with their Rx simulations to filling such a table. To this end, the MS manufacturers should list the simulated SINR measurements together with their performance figures for sensitivity (input level together with the SINR value that the MS will measure at this input level) and ACI (C/Iadj with corresponding SINR value).
· Under the selected propagation conditions
· with the worst case thresholds according to this proposed additional table commanded by EC-SI2,

· with the DL CC selected according to the MS's request and

· at levels that are equal to or better than the respective level specified for CC4 in the MS Rx performance tables in TS 45.005 (Tables 1aa, 2ai and 2am in [2]),

the MS should meet the EC channels' downlink BLER limits according to 3GPP TS 45.005, Table 6.2-5 [2] for sensitivity, CCI and ACI. Table 1 depicts the setting of upper and lower SINR limits, matter to be introduced as a table in 3GPP TS 45.008. 
	Worst case of TU1.2noFH and TU50noFH, GSM 850 and 900, DL

	Coverage class to be selected  
	Upper limit of SINR in dB
	Lower limit of SINR
in dB

	CC1
	-
	<SINR_CC1>

	CC2
	<SINR_CC1>
	<SINR_CC2>

	CC3
	<SINR_CC2>
	<SINR_CC3>

	CC4
	<SINR_CC3>
	-


Table 1: Example of robust upper and lower SINR limits per coverage class for DL CC selection. 
For example, SINR_CC2 means that whenever the MS's estimated SINR is at least SINR_CC2, its BLER with CC2 on the DL must meet the BLER limits of TS 45.005, Table 6.2-5 [2], for all combinations of

· sensitivity, CCI or ACI with

· TU1.2 no FH or TU50 no FH in low band.

The values as in Table 1 would be binding for the MS performance, not for the network configuration. For example, commanding higher thresholds in EC-SI2 than the specified ones could provide a performance margin for more demanding Rx conditions such as

· propagation profiles with a higher delay spread than TU,
· multi-interferer scenarios and

· repeated interference (CCI).
We propose to discuss the above proposal in regard to inclusion of the SINR based DL CC selection to normative work in Rel-13. 
Proposal for Decision:
The DL CC selection shall be SINR based instead of level based and a table with robust SINR thresholds for the DL CC selection shall be added in TS 45.008. If these thresholds are applied and if the input level (sensitivity cases) or C/I (interference cases) is at least as high as specified in TS 45.005 for CC4 operation, the DL BLER of EC-channels must satisfy TS 45.005 Table 6.2-5 [2] in sensitivity, CCI and ACI cases at TU1.2noFH and TU50noFH in low band.
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