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[bookmark: _Ref396137062]Introduction
At GERAN#67 a new Work item on Extended Coverage GSM (EC-GSM) was approved, with the main objective to introduce Extended Coverage EGPRS (EC-EGPRS) into the GERAN specifications.
The objectives in the EC-GSM WI have been inherited from the GERAN study item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) [3], with one exception: The EC-GSM WI also intends to investigate the following objective: 
“Support for extended coverage GSM deployment in a reduced BCCH spectrum allocation, provided it is shown to be feasible, from 4/12 (2.4 MHz) frequency re-use to 3/9 (1.8 MHz) or 1/3 (600 kHz) frequency re-use, where legacy CS users might not be supported, and add respective normative changes, if any.”[1]

One important piece in the puzzle to achieve support for a deployment in a tight frequency reuse is to investigate cell selection performance, i.e. the ability of a mobile to select the serving cell in an interference limited environment.
This discussion paper gives an insight to the cell selection performance for EC-GSM-IoT devices in 4/12, 3/9 and 1/3 frequency reuse networks. Since EC-GSM-IoT is expect to coexist with GSM also the performance of E(GPRS) devices in 4/12, 3/9 and 1/3 frequency reuse networks is presented in this paper.
[bookmark: _Ref451285127]Background
When performing cell selection an (E)GPRS device follows the procedures specified in 3GPP TSs 43.022 and 45.008. TS 43.022 mandate a device to select the strongest cell from a received signal strength perspective that qualifies as “suitable”. TS 45.008 specify how the signal strength is to be measured in terms of RLA_C, which is an average signal strength estimate calculated over at least five samples during three to five seconds.
For EC-GSM-IoT the cell selection procedure has been updated to improve the support of signal strength measurements in an interference limited environment. TS 45.008 therefore specify a two-step approach as follows:
1. Measure the signal strength of each RF channel in the selected PLMN using RLA_C. 
2. For each of the strongest RF channels measured RLA_EC for the strongest EC-BCCH carrier.
In the second step only the RF channels that are no more than CELL_SELECTION_RLA_MARGIN dB below the strongest RF channel needs to be considered.
The next two chapters contain a description of a simulator that was designed to evaluate the above cell selection procedures and presents the cell selection performance that was recorded during a simulation campaign using the mentioned simulator.
Simulator
General assumptions
In GP-160272 “Simulator for investigation of (E)GPRS and EC-GSM-IoT synchronization performance” [4] a network simulator dedicated to investigate (E)GPRS and EC-GSM-IoT synchronization is introduced. The same simulator was used in these investigations, with certain needed modifications. 
As earlier and in general the simulator was configured in accordance to the system simulation assumptions agreed in TR45.820 Annex D [3] and the working assumptions listed in GP-160153, “Intended scope for reduced spectrum allocation on BCCH evaluation” [2]. 
It deserves to be mentioned that EC-GSM-IoT was evaluated with a cell radius of 577 m, with building penetration loss and a – 4dBi device antenna modelled leading to a maximum coupling loss (MCL) of 164 dB. For (E)GPRS a cell radius of 2500 m was modelled leading to a MCL of 144 dB.
Signal model
[bookmark: _Ref434595095]For each (E)GPRS and EC-GSM-IoT device in the simulated network the three strongest ARFCNs were modelled. Each of the mentioned ARFCN was furthermore modelled as the sum of the three strongest BCCH carriers assigned that ARFCN. In the 1/3 frequency reuse scenario, that we will later see is the most challenging, all ARFCNs are captured by the model. For each ARFCN the greater part of the total signal power is also modelled. Figure 1 depicts the difference in signal power between the strongest BCCH carriers and the eight next strongest BCCH carriers all using the same ARFCN, as experienced by devices in a 1/3 frequency reuse system. BTSs 4 to 9 that were not modelled in the system are in principle always at least 10 dB weaker than the strongest BTS and are expected to not impact the evaluated cell selection performance to a significant extent.
In addition to the modelled ARFCNs and to them associated BCCH carriers, thermal noise was also modelled in the system.
[image: ]
[bookmark: _Ref451276130]Figure 1 Difference in signal power between the strongest BCCH carrier (BTS) and the eight next strongest BCCH carriers (BTSs) as seen by devices in a 1/3 frequency reuse system.
While the model is believed to be sufficiently accurate for 1/3 reuse it is clear that more than 3 ARFCNs would be good to consider when evaluating 3/9 and 4/12 frequency reuses. This is also illustrated by Figure 7 in the Annex that presents the power difference between the strongest ARFCN and the remaining eight ARFCNs as seen by EC-GSM-IoT devices spread out in a 3/9 frequency reuse system. The fourth ARFCN is in ~10% of the cases less than 5 dB away from the strongest ARFCN. Figure 8 is for completeness presenting the power difference between the strongest BCCH carrier and the eight next strongest BCCH carriers using the same ARFCN as seen by EC-GSM-IoT devices in the 3/9 system. 
To model three ARFCNs also for 3/9 and 4/12 systems was a simplification made in the interest of keeping the possible BCCH carriers to select at a moderate number (9) in order to keep the simulation time within reasonable limits. Important to remember is that all ARFCNs are accurately modelled for the 1/3 configuration that is the most challenging scenario.
Receiver models
New functionality was also added to the simulated (E)GPRS and EC-GSM-IoT receivers to support the cell selection procedures outlined in section 2. A module for RLA_C estimation was implemented. It simply samples a received ARFCN five times during five seconds, and then calculates RLA_C as linear average over the samples. Both the EC-GSM-IoT and (E)GRPRS devices uses this functionality. 
(E)GRPRS devices use the RLA_C measurement to make a hard decision and select the ARFCN with highest estimated RLA_C. It sends the selected ARFCN to the FCCH and SCH detector that synchronizes to the first BCCH carrier within the ARFCN that it can read the BSIC from. In case of successful synchronization and BSIC reading the device is considered to have selected its serving cell.
For EC-GSM-IoT the module for RLA_C estimation sends a list of ARFCNs to the FCCH and EC-SCH detector, starting with the estimated strongest ARFCN. The CELL_SELECTION_RLA_MARGIN parameter was also used to limit the length of the list. It was configured to 20 dB during all EC-GSM-IoT simulations. For each of the listed ARFCNs the device attempts to synchronize to up to three BCCH carriers and estimate RLA_EC over the EC-SCH for each of them in accordance with the RLA_EC measurement procedure specified in 3GPP TS 45.008. The device selects the BCCH carrier with highest RLA_EC as its serving cell. 
It can be noted that the FCCH+SCH and FCCH+EC-SCH detectors are identical to those described in GP-160272, “Simulator for investigation of (E)GPRS and EC-GSM-IoT synchronization performance” [4]. 
[bookmark: _Ref440904973]Results	Comment by EricssonAB1_: The simulations are running and a revision will be provided with final results when they are finished.
 (E)GPRS cell selection performance
As EC-GSM-IoT is fully backwards compatible and intended to coexist with (E)GPRS also (E)GPRS cell selection performance was evaluated in 1/3, 3/9 and 4/12 frequency reuse scenarios. Table 1 summarizes the performance and it is seen that the cell selection procedure selects the best ARFCN with a likelihood of 87-88 %, and is fairly insensitive to the frequency reuse. This is also expected and can be understood as a consequence of the symmetric cell plan used in the network simulator, leading to a similar power ratio between the simulated ARFCNs regardless of the frequency plan
After ARFCN selection the (E)GPRS selects the cell to camp on based on the first BCCH carrier it manages to synchronize to a read to BSIC on. In high reuse systems with low interference ratio a device more or less always selects the optimal cell to camp on. In the 1/3 frequency reuse scenario with a high degree of interference the likelihood of selecting the optimal BCCH carrier is reduced down to 84 %.
The (E)GPRS devices always manages to synchronize to and select a cell, even though it is not an optimal from a signal strength perspective.
	Resue
	1/3
	3/9
	4/12

	P(Best ARFCN selected)
[%]
	87.4
	88.1
	86.9

	P(Best BCCH carrier selected)
[%]
	83.8
	87.6
	86.8

	P(Any cell selected) 
[%]
	100
	100
	100


[bookmark: _Ref451209611]Table 1: The probability for a (E)EGPRS device of selecting the optimal ARFCN, the optimal BCCH carrier and of successful synchronization to a cell.
In an attempt to quantify the impact from selecting a sub-optimal ARFCN and BCCH carrier recordings were made:
· Of the signal power of the selected ARFCN relative to the best ARFCN, where the best ARFCN is the one assigned to the strongest BCCH carrier.
·  Of the signal power of the selected BCCH carrier relative to the strongest BCCH carrier.
Figure 2 depicts the CDF over the power of the selected ARFCN relative to the best ARFCN. A ratio of 0 dB implies that the best ARFCN was selected. A negative ratio implies that the selected ARFCN was weaker than the ARFCN assigned to the strongest BCCH carrier. Also positive ratios are observed, which implies that the selected ARFCN was stronger than the ARFCN assigned to the strongest BCCH carrier. This event occurs with a low likelihood, especially for high reuse factors.
[image: ]
[bookmark: _Ref451291939]Figure 2 Selected ARFCN to best ARFCN power ratio.
More interesting is Figure 3 that depicts the CDF over the power of the selected BCCH carrier relative to the best BCCH carrier. For 3/9 and 4/12 reuse the curves in Figure 2 and Figure 3 are more or less identical. For 1/3 reuse the ratio has increased, or worsened, as a consequence of suboptimal BCCH carrier selections occurring even though the best ARFCN had been selected.
[image: ]
[bookmark: _Ref451292129]Figure 3 Selected BCCH carrier to best BCCH carrier power ratio.
Although the performance presented indicates a certain likelihood of selecting a suboptimal cell, the sourcing company believes that this in general is not a major issue. The cell selection performance depicted for 4/12 reuse should correspond to what typical GSM/EDGE networks and devices experiences today. The increase when going to 1/3 reuse in suboptimal selections is not dramatic, and is expected to be of minor concern but still deserves attention in case an operator strives to implement a 1/3 BCCH frequency resuse.
EC-GSM-IoT cell selection performance
For EC-GSM-IoT the ARFCN selection performs similar to what was presented for GSM. But what is important is that the BCCH carrier selection has improved as a consequence of the RLA_EC procedure. Higher numbers are observed in Table 2 than in Table 1 for all studied scenarios. An improvement in the selected BCCH carrier relative to the best BCCH carrier power is also observed for the 1/3 reuse when comparing Figure 5 with Figure 4.
It can again be noticed that in virtually all cases the device selects a cell, even though it is sub-optimal in ~11 % of the cases.
	Resue
	1/3
	3/9
	4/12

	P(Best ARFCN selected)
[%]
	87.0
	84.8
	86.7

	P(Best BCCH carrier selected)
[%]
	89.1
	88.9
	89.3

	P(Successful synchronization) [%]
	99.9
	100
	100


[bookmark: _Ref451293155]Table 2: The probability for a (E)EGPRS device of selecting the optimal ARFCN, the optimal BCCH carrier and of successful synchronization to a cell.
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[bookmark: _Ref451293198]Figure 4 Selected ARFCN to best ARFCN power ratio.
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[bookmark: _Ref451293196]Figure 5 Selected BCCH carrier to best BCCH carrier power ratio.
Improved EC-GSM-IoT cell selection performance
A simple mean of improving the EC-GSM-IoT cell selection performance is by increasing the number of samples to be taken in the RLA_C and RLA_EC measurements. If it is required to take 10 samples during five seconds a clear improvement is seen in the performance. This is seen both in the performance summary in Table 3 and the distribution of the power of the selected BCCH carrier relative to the best BCCH carrier presented in Figure 6.
	Resue
	1/3
	3/9
	4/12

	P(Best ARFCN selected)
[%]
	91
	89.8
	89.9

	P(Best BCCH carrier selected)
[%]
	92.9
	92.3
	92.6

	P(Successful synchronization) [%]
	99.9
	100
	100


[bookmark: _Ref451294304]Table 3: The probability for a (E)EGPRS device of selecting the optimal ARFCN, the optimal BCCH carrier and of successful synchronization to a cell.
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[bookmark: _Ref451294312]Figure 6 Selected BCCH carrier to best BCCH carrier power ratio.
Conclusions
In this contribution cell selection performance has been investigated for (E)GPRS and EC-GSM-IoT devices in various network configurations. A noticeable impact on (E)GPRS cell selection accuracy was seen when going down to 1/3 frequency resue. For EC-GSM-IoT it was shown that the introduction of RLA_EC measurement improves cell selection performance. It was further shown that increasing the number of samples taken when performing the RLA_C and RLA_EC measurements from five to 10 will have a positive effect on cell selection performance. It is therefore proposed to in 3GPP TS 45.008 mandate that EC-GSM-IoT should use at least 10 samples when measuring RLA_EC.
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[bookmark: _Ref451274896][image: ]Figure 7 Difference in signal power between the strongest ARFCN and the remaining eight ARFCNs in a 3/9 frequency reuse system as seen by devices in a GSM network.
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[bookmark: _Ref451274901]Figure 8 Difference in signal power between the strongest BCCH carrier (BTS) and the eight next strongest BCCH carriers (BTSs) in a 3/9 frequency reuse system as seen by devices in a GSM network.
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