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1
Introduction
The recently approved Narrowband IOT (NB-IOT) Work Item [1] aims to define a new feature to specify radio access for cellular internet of things (IoT) devices.  RAN4 responsibilities in this Work Item include the specification of RRM requirements.  Similar to the eMTC work, discussions on RSRP accuracy are expected to take place, among other RRM topics.
This paper derives the SNR operating points required for an NB-LTE UE to operate in the coverage enhancement levels that are described in TR 45.820 [2] and suggests these as a starting point for the evaluation of RSRP accuracy performance of such UEs.
2
Discussion

The derivation of maximum coupling loss (MCL) associated with NB-LTE coverage enhancement levels is taken from [3] and is shown in Table 1 below.
Table 1: MCL calculation for M-PDSCH [3]
	Data Rate (kbps)
	2.7

	Number of repetitions (in terms of M-Frames)
	42

	Transmitter
	

	(1) Tx power (dBm)
	43

	Receiver
	

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

	(3) Receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	180kHz

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5)) (dBm)
	-116.4

	(7) Required SINR (dB)
	-4.1

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-120.5

	(9) Rx processing gain
	0

	(10) MCL = (1) ((8) + (9) (dB)
	163.5


The MCL shown above corresponds to a coverage enhancement level of 20 dB [2], and we consider the required SNR for M-PDSCH operation at intermediate levels of 0 (no coverage enhancement), 5, 10, 15, and 20 dB.  The analysis is shown in Table 2 below.
Table 2: Required M-PDSCH SNR levels under coverage enhancement

	Coverage enhancement
	0 dB (no CE)
	5 dB
	10 dB
	15 dB
	20 dB

	(1) Tx power (dBm)
	43
	43
	43
	43
	43

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180,000
	180,000
	180,000
	180,000
	180,000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5)) (dBm)
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4

	(7) Required SINR (dB)
	15.9
	10.9
	5.9
	0.9
	-4.1

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-101.1
	-106.1
	-111.1
	-116.1
	-121.1

	(9) Rx processing gain
	0
	0
	0
	0
	0

	(10) MCL = (1) ((8) + (9) (dB)
	143.5
	148.5
	153.5
	158.5
	163.5


Observation 1: The maximum MCL of 163.5 dB, corresponding to the maximum coverage enhancement level of 20 dB for NB-LTE UEs, can be partitioned into 5 levels (taking a 5 dB step between each) for RSRP accuracy evaluation
Observation 2: The required SINR levels corresponding to the CE levels 0 (no CE) through 5 (20 dB) are [15.9, 10.9, 5.9, 0.9, -4.1] dB
Observation 3: Progress on finalizing the PHY layer design of the NB-LTE solution is expected during the RAN1 #82bis meeting.  Further refinement of the associated simulation assumptions for RAN4 work is expected to follow.

Observation 4: These MCL calculations have been shown for the stand-alone mode of operation of the NB-LTE solution.  Further discussion associated with the in-band and guard-band modes is recommended due to the potentially different Tx power at the base station in these cases.

3
Conclusions

This paper has derived the SINR operating points required for an NB-LTE UE to operate in the coverage enhancement levels that are described in TR 45.820 [2] and suggested a starting point for the evaluation of RSRP accuracy performance of such UEs.

The specific observations captured in this paper are:

Observation 1: The maximum MCL of 164.1 dB, corresponding to the maximum coverage enhancement level of 20 dB for NB-LTE UEs, can be partitioned into 5 levels (taking a 5 dB step between each) for RSRP accuracy evaluation

Observation 2: The required SINR levels corresponding to the CE levels 0 (no CE) through 5 (20 dB) are [15.9, 10.9, 5.9, 0.9, -4.1] dB
Observation 3: Progress on finalizing the PHY layer design of the NB-LTE solution is expected during the RAN1 #82bis meeting.  Further refinement of the associated simulation assumptions for RAN4 work is expected to follow.
Observation 4: These MCL calculations have been shown for the stand-alone mode of operation of the NB-LTE solution.  Further discussion associated with the in-band and guard-band modes is recommended due to the potentially different Tx power at the base station in these cases.
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