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1
Introduction
As the Release-13 Work Item on further LTE physical layer enhancements for MTC (eMTC) [1] makes progress with the core specification, decisions on eMTC measurement requirements have been made during RAN4 #76bis [5].

For enhanced coverage, it was agreed to reuse the Rel-12 category 0 RSRP/RSRQ requirements down to -12 dB downlink SNR.  For SNR levels below -12 dB down to FFS, the relative and absolute accuracy requirements have been agreed to be relaxed by 1 dB.  This contribution derives the lowest expected SNR level from the eMTC MCL requirement, presents simulated RSRP accuracy results, and recommends to replace the FFS in the above with -14.3 dB.
2
Discussion

2.1
Simulation assumptions
The RSRP accuracy simulation assumptions in [5] provide scope for a significant investigation of the topic.  Table 1 below lists the parameters used in this paper.
Table 1: Simulation parameters for eMTC RSRP measurement accuracy study

	Measurement bandwidth
	1.4 MHz (6 RBs)

	System bandwidth
	1.4 MHz (6 RBs)

	L1 Measurement period
	400 ms

	Measurement sampling rate
	40 ms

	L3 filtering
	disabled

	Transmit antennas
	1

	Receive antennas
	1

	Propagation conditions
	AWGN

	RSRP estimation techniques
	Legacy (Rel-8 RS averaging), coherent combining

	Coherent combining period
	{1,2,4}

	CP length
	Normal

	Carrier frequency
	2 GHz

	SNR points
	{0,-6,-9,-12,-14.3,-15}


The definition of the SNR points given in Table 1 follows the derivation of maximum coupling loss (MCL) associated with eMTC coverage enhancement levels is taken from TR 36.888 [2] (Table 1 below).

Table 1: PUSCH coverage enhancement levels

	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
	20.0

	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
	-19.3
	-22.3

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-117.7 
	-132.7 
	-135.7 

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


Given the target MCL we consider the required SNR for PDSCH operation at the highest enhanced coverage level (15 dB).  The analysis is shown in Table 2 below.

Table 2: Required PDSCH SNR levels under coverage enhancement

	Coverage Enhancement
	[36.888]
	0dB
	15dB
	18dB

	Physical channel name
	PDSCH
	PDSCH
	PDSCH
	PDSCH

	Max Tx power  (dBm)
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	32.0
	32.0
	32.0
	32.0

	Receiver
	
	
	
	

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

	(3) Receiver noise figure (dB)
	9
	9
	9
	9

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

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

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-109.4
	-109.4
	-109.4
	-109.4

	(7) Required SNR (dB)
	-4.0
	0.7
	-14.3
	-14.3

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-113.4 
	-108.7 
	-123.7 
	-123.7 

	(9) MCL 
         = (1) ( (8) (dB)
	145.4
	140.7
	155.7
	155.7


Thus, the SNR points of interest include -6 dB (the legacy requirement point), -12 dB (the defined point from the WF in [5]), and -15 dB (the required SNR for 15 dB enhanced coverage, rounded down).
2.2
Simulation results

The simulation results without frequency and timing offset modelling are shown in Figure 1 below.
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Figure 1: RSRP accuracy results (no frequency/timing offset)
The absolute and relative accuracy metrics are summarized in Table 2 below.

Table 2: Simulated RSRP accuracy results

	 
	Rel-8 p400
	2SF p400
	4SF p400

	SNR
	bias
	rel accuracy
	abs accuracy
	bias
	rel accuracy
	abs accuracy
	bias
	rel accuracy
	abs accuracy

	0
	-0.1
	0.5
	0.5
	0
	0.4
	0.4
	0
	0.2
	0.3

	-6
	0.4
	1.0
	1.4
	0
	0.6
	0.7
	0
	0.5
	0.5

	-9
	1.4
	1.0
	2.4
	0.3
	1.0
	1.3
	0
	0.7
	0.7

	-12
	3.2
	1.0
	4.2
	1.3
	1.0
	2.3
	0.4
	1.0
	1.4

	-14.3
	5.0
	1.1
	6.1
	2.6
	1.1
	3.7
	0.9
	1.0
	1.9

	-15
	5.5
	1.0
	6.5
	3.1
	1.0
	4.2
	1.3
	1.1
	2.4

	-18
	8.2
	1.0
	9.2
	5.4
	0.9
	6.4
	3.1
	0.9
	4.0


NOTE 1: These simulation results do not contain an RF margin

Table 3 below summarizes the proposed RSRP measurement accuracy requirements for Rel-13 eMTC UEs.
Table 3: Summary of proposed RSRP measurement accuracy requirements for Rel-13 eMTC
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy
	≥ -12 dB
	±7 dB

	
	≥ -15 dB
	±8 dB

	Intra-frequency relative RSRP accuracy
	≥ -12 dB
	±4 dB

	
	≥ -15 dB
	±5 dB


Observation 1: Assuming an implementation margin (and also accounting for frequency and timing offset error) of 4.5 dB, the baseband-only tolerance for absolute RSRP accuracy at DL SNR = -12 dB is ±2.5 dB.  Simulations results utilizing the two-subframe combining scheme across a measurement period of 400ms illustrate that this requirement is feasible.
Observation 2: Assuming an implementation margin (and also accounting for frequency and timing offset error) of 4.5 dB, the baseband-only tolerance for absolute RSRP accuracy at DL SNR < -12 dB is ±3.5 dB.  Only simulations results utilizing the four-subframe combining scheme across a measurement period of 400ms can meet this requirement at DL SNR = -14.3 dB.  Given the trade-off between RSRP estimation performance and UE buffer complexity, care should be taken to avoid mandating the UE to perform high volumes of measurement and buffering operations.
Observation 3: The performance of relative RSRP accuracy has been shown to be relatively constant across DL SNR for any estimation scheme.  The 1 dB relaxation of the relative RSRP accuracy requirement relative to the Category 0 MTC requirement may not be necessary.

3
Conclusions

This contribution derives the lowest expected SNR level from the eMTC MCL requirement, presents simulated RSRP accuracy results, and recommends to replace the FFS in the second side condition with -14.3 dB.  The following observations have been made:
Observation 1: Assuming an implementation margin (and also accounting for frequency and timing offset error) of 4.5 dB, the baseband-only tolerance for absolute RSRP accuracy at DL SNR = -12 dB is ±2.5 dB.  Simulations results utilizing the two-subframe combining scheme across a measurement period of 400ms illustrate that this requirement is feasible.

Observation 2: Assuming an implementation margin (and also accounting for frequency and timing offset error) of 4.5 dB, the baseband-only tolerance for absolute RSRP accuracy at DL SNR < -12 dB is ±3.5 dB.  Only simulations results utilizing the four-subframe combining scheme across a measurement period of 400ms can meet this requirement at DL SNR = -14.3 dB.  Given the trade-off between RSRP estimation performance and UE buffer complexity, care should be taken to avoid mandating the UE to perform high volumes of measurement and buffering operations.

Observation 3: The performance of relative RSRP accuracy has been shown to be relatively constant across DL SNR for any estimation scheme.  The 1 dB relaxation of the relative RSRP accuracy requirement relative to the Category 0 MTC requirement may not be necessary.
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