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1 Introduction
In Athens 2015 meeting, LS on PRACH coverage enhancement was send to RAN4 [1]. RAN1 requests RAN4 to feedback on the possibility of distinction among non-coverage enhancement and coverage enhancement of max. 3 non-zero levels (e.g., 0, 5, 10, 15 dB, or 0, 6, 12, 18 dB, dB number is total system coverage enhancement), for example, using RSRP measurement depending on coverage level. This paper aims to solve this problem.
2 Discussion on how to distinction among non-coverage enhancement and coverage enhancement
Step1: Determine required SNR for non-coverage enhancement and coverage enhancement
As shown in table 1, which is based on TR36.888 table 5.2.1.2, the MCL of PUSCH is 140.7dB for 23dBm Tx power. For 15dB coverage enhancement scenario, the target MCL will be 155.7dB. For 18dB coverage enhancement scenario with 20dB Tx power, the target MCL is also 155.7dB. 
Based on TS36.888 table 5.2.1.2, for PDSCH, if the required SNR is -4dB, the corresponding MCL is 145.4dB. Therefore, in order to obtain MCL as same level as 155.7dB, the corresponding SNR is -14.3dB.
Table 1: MCL calculation for PUSCH LTE FDD
	Coverage Enhancement
	0dB
	15dB
	18dB

	Physical channel name
	PUSCH
	PUSCH
	PUSCH

	Max Tx power  (dBm)
	23
	23
	20

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	360000
	360000
	360000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-113.4
	-113.4
	-113.4

	(7) Required SNR (dB)
	-4.3
	-4.3
	-4.3

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-117.7 
	-117.7 
	-117.7 

	(9) MCL 
         = (1) ( (8) (dB)
	140.7
	155.7
	155.7


As shown in table 2, assuming no CRS boosting, the SNR of CRS for Rel-13 low complexity UEs should be 0.7 dB, -4.3 dB, -9.3dB and -14.3 dB when PRACH begins to need 0dB ,5dB, 10dB and 15dB CE respectively (corresponding to 23dBm PUSCH). Assuming no CRS boosting, as shown in table 2, the SNR of CRS for Rel-13 low complexity UEs should be 3.7 dB, -2.3 dB, -8.3dB and -14.3 dB when PRACH begins to need 0dB ,6dB, 12dB and 18dB CE respectively (corresponding to 20dBm PUSCH). 
Step2: Determine RSRP accuracy under given SNR
The RSRP accuracy corresponding to these SNR is evaluated with ±3 dB RSRP error of RF component. The simulation assumption is list in table 3. The measurement sampling rate is 80ms, which means there are 5 samples for 400ms measurement period. The channel estimation techniques use current Release 8 method. Only 1 subframe is measured for every 80ms.
Table 2: MCL calculation for PDSCH LTE FDD
	Coverage Enhancement corresponding to 23dBm PUSCH
	0dB
	5dB
	10dB
	15dB

	(1) Physical channel name
	PDSCH
	PDSCH
	PDSCH
	PDSCH

	(2) MCL (dB)
	140.7
	145.7
	150.7
	155.7

	(3) Required SNR (dB)
	0.7
	-4.3
	-9.3
	-14.3 

	(4) RSRP accuracy with 3dB RF error (dB)
	±3.9
	±5.7
	±8.5
	±9.5

	(5) RSRP measurement range with 95% possibility =(3)+(4)
	[-3.2 4.6]
	[-10 1.4]
	[-17.8 -0.8]
	[-23.8 -4.8]


	Coverage Enhancement corresponding to 20 dBm PUSCH
	0dB
	6dB
	12dB
	18dB

	(1) Physical channel name
	PDSCH
	PDSCH
	PDSCH
	PDSCH

	(2) MCL (dB)
	137.7
	143.7
	149.7
	155.7

	(3) Required SNR (dB)
	3.7
	-2.3
	-8.3
	-14.3 

	(4) RSRP accuracy with 3dB RF error (dB)
	±3.6
	±4.4
	±8.4
	±9.5

	(5) RSRP measurement range with 95% possibility=(3)+(4)
	[0.1 7.3]
	[-6.7 2.1]
	[-16.7 0.1]
	[-23.8 -4.8]


Table 3: Simulation parameters for Rel-13 MTC RSRP/RSRQ measurement accuracy studies
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	400 ms 
	Even further increased measurement period can be considered to evaluate the measurement performance

	Measurement sampling rate
	80ms
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1
	 

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency for mobile UEs: ETU and EPA
	30 Hz and 5 Hz
	

	Channel estimation techniques
	Current method (Rel-8) for RS averaging
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-18 dB, …, 5 dB
	AWGN noise

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results

NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 


Step3: Use PDF to distinguish non-coverage enhancement with coverage enhancement
We can use PDF (probability density function) to distinguish non-coverage enhancement with coverage enhancement. As shown in figure 1, if RSRP value is above 1.4dB, it is highly possible to be 0dB non-CE, since there is no possibility that other CE scenarios will pass this threshold.

Similarly, a -17.8dB RSRP threshold can be set to absolutely distinguish 15dB CE with the rest. 
Depending on network configuration, it can distinguish among some coverage enhancements levels if the PDFs of different configurations do not overlapped with each other as shown in figure 2 and figure 3.
It should be noted that RSRP accuracy values are derived without any RSRP measurement enhancement for MTC. It can work better if using new methods to improve RSRP measurement accuracy.
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Figure 1: Use different thresholds to distinguish 0dB CE and 15dB CE (3 none zero CE levels)
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Figure 2: Use different threshold to distinguish 0dB CE and 15dB CE (1 non zero CE level)
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Figure 3: Use different threshold to distinguish 1dB CE and 15dB CE (2 non zero CE levels)

Observation 1: It is possible for network configuration to allow the UE to reliably distinguish between 0dB CE and 15dB CE when 1 none zero CE level or 3 none zero CE levels are configured. 
Observation 2: It is possible for network configuration to allow the UE to reliably distinguish between 1dB CE and 15dB CE when 2 none zero CE levels are configured.
3 Conclusion
This paper shows possible solutions for distinction among non-coverage enhancement and coverage enhancement.
Proposal: It is possible for network configuration to allow the UE to reliably distinguish between non-coverage enhancement and coverage enhancement, and between different coverage enhancements levels, e.g. can distinguish between 0dB CE and 15dB CE using RSRP method. If methods to improve RSRP accuracy are used, the reliability can be further improved.
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