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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, RAN1 has requested RAN4 to evaluate the feasibility of defining a number of coverage enhancement levels for the purpose of defining the eMTC PRACH procedure [3]:
RAN1 is considering several approaches for selecting a starting PRACH repetition level. One approach is based on RSRP measurement, and another approach is based on RSRP measurement and PSS/SSS detection time. Some other approaches do not require RSRP measurements. 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. [3]
During the RAN4 #75 meeting a number of companies shared their views on RSRP accuracy performance and its impact on the PRACH processes.  To provide the basis for the discussion in this paper, Intel has submitted RSRP accuracy simulation results in [5] and [6].

This paper derives the SNR operating points required for an eMTC UE to operate in the coverage enhancement levels that are described in the LS, provides an analysis of the statistics of measured RSRP distributions, and recommends a possible set of thresholds that could be defined.
2
Discussion

The derivation of maximum coupling loss (MCL) associated with eMTC coverage enhancement levels is taken from TR 36.888 [2] and is shown in 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 levels requested by the RAN1 LS (0, 5, 10, 15 dB).  The analysis is shown in Table 2 below.
Table 2: Required PDSCH SNR levels under coverage enhancement

	Coverage Enhancement
	[36.888]
	0dB
	5dB
	10dB
	15dB
	18dB

	Physical channel name
	PDSCH
	PDSCH
	PDSCH
	PDSCH
	PDSCH
	PDSCH

	Max Tx power  (dBm)
	46
	46
	46
	46
	46
	46

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

	Receiver
	
	
	
	
	
	

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

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

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

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

	(6) Effective noise power

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

	(7) Required SNR (dB)
	-4.0
	0.7
	-4.3
	-9.3
	-14.3
	-14.3

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-113.4 
	-108.7 
	-113.7 
	-118.7 
	-123.7 
	-123.7 

	(9) MCL 
         = (1) ( (8) (dB)
	145.4
	140.7
	145.7
	150.7
	155.7
	155.7


Given the required SNR operating points extrapolate the absolute and relative accuracy values associated with different RSRP estimation techniques from the RSRP accuracy simulations in [6].  Table 3 below summarizes these values.  A 2.5 dB implementation margin (2.0 RF and 0.5 for timing/frequency offset estimation) has been added.
Table 3: Simulated RSRP accuracy performance from [6]
	RSRP estimation scheme
	Rel-8
	2SF, p200
	4SF, p400
	5SF, p400

	Simulated RSRP performance
	
	
	
	

	SNR point
	-18
	-9
	0
	
	-18
	-9
	0
	
	-18
	-9
	0
	
	-18
	-9
	0
	

	Abs. accuracy (NOTE 1)
	12.0
	5.2
	3.3
	
	9.4
	4.0
	3.0
	
	6.5
	3.2
	2.8
	
	6.0
	3.1
	2.7
	

	Rel. accuracy (NOTE 1)
	3.8
	3.8
	3.2
	
	4.0
	3.7
	3.0
	
	3.4
	3.2
	2.7
	
	3.7
	3.1
	2.7
	

	Desired RSRP performance
	
	
	
	

	Required SNR points
	-14.3
	-9.3
	-4.3
	0.7
	-14.3
	-9.3
	-4.3
	0.7
	-14.3
	-9.3
	-4.3
	0.7
	-14.3
	-9.3
	-4.3
	0.7

	Abs. accuracy (NOTE 1, 2)
	9.2
	5.4
	4.2
	3.2
	7.2
	4.2
	3.5
	3.0
	5.1
	3.3
	3.0
	2.8
	4.8
	3.2
	2.9
	2.7

	Rel. accuracy (NOTE 1, 2)
	3.8
	3.8
	3.5
	3.1
	3.9
	3.7
	3.3
	3.0
	3.3
	3.2
	3.0
	2.7
	3.5
	3.1
	2.9
	2.7


NOTE 1: Assuming 2.0 dB RF margin + 0.5 dB frequency/timing offset estimation margin
NOTE 2: Absolute and relative accuracy values at required SNR points have been extrapolated from the RSRP simulation results

The objective of the analysis is to determine where to draw the boundaries between the different coverage enhancement levels given the RSRP estimation error (which increases with lower SNR) across the different RSRP estimation techniques.  We have assumed operation in the AWGN for all analysis in this paper.  We have also assumed only CRS-based RSRP estimation techniques.

Figures 1 through 4 below illustrate the simulation results of SNR as calculated from estimated RSRP.
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eMTC CRS Rel-8 with -14.3 dB SNR

eMTC CRS Rel-8 with -9.3 dB SNR
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Figure 1: PRACH CE levels for the baseline Rel-8 RSRP estimator (200ms meas. period)
In the baseline Rel-8 case the bias of the RSRP estimator at low SNR levels is high enough to compress the two highest CE levels.  Given the true SNR of -14.3 dB the distribution of estimated SNR lies nearly on top of the estimated SNR distribution associated with SNR of -9.3 dB.  Thus, a distinction between 15 and 10 dB coverage enhancement is not possible.  The boundaries between the 10,5 and 5,0 levels are drawn such that the probability of requiring a higher CE level given the current selection is 5%.  This is a conservative boundary and implies that the probability of requiring a lower CE level given the current selection is greater (up to 40%).
Observation 1: It is not possible to reliably distinguish between 10 dB and 15 dB CE levels using the Rel-8 RSRP estimator
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eMTC CRS 2SF p200 with -14.3 dB SNR
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eMTC CRS 2SF p200 with 0.7 dB SNR


Figure 2: PRACH CE levels for the 2-subframe coherent combining RSRP estimator (400ms meas. period)
When 2 subframes are coherently combined across a 200ms measurement period it is still not possible to define a meaningful boundary between the two highest CE levels due to high RSRP estimation bias.
Observation 2: It is not possible to reliably distinguish between 10 dB and 15 dB CE levels using the two-subframe coherent combining RSRP estimator (over a 200ms measurement period)
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eMTC CRS 4SF p400 with -14.3 dB SNR
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Figure 3: PRACH CE levels for the 4-subframe RSRP estimator (400ms meas. period)

When 4 subframes are coherently combined across a 400ms measurement period it becomes possible to distinguish the 15 dB CE level from the 10 dB.  The boundaries are drawn such that the probability of requiring a higher CE level given the current selection is 5%.  However, at the 15,10 boundary (-9.5 dB) there is a 50% chance that the actual CE level is 10 dB.  The boundaries between the 10,5 and 5,0 levels give this probability as 10% and 5%, respectively.
Observation 3: It is possible to reliably distinguish between the [15, 10, 5, 0] dB CE levels using the four-subframe coherent combining RSRP estimator (over a 400ms measurement period).  The boundaries between these levels, in terms of SNR measured by the UE, are [-9.5, -6.0, -1.5] dB.
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Figure 4: PRACH CE levels for the 5-subframe RSRP estimator (400ms meas. period)

When 5 subframes are coherently combined across a 400ms measurement period the PRACH CE levels improve at the lower SNR levels.
Observation 4: It is possible to reliably distinguish between the [15, 10, 5, 0] dB CE levels using the five-subframe coherent combining RSRP estimator (over a 400ms measurement period) and to somewhat improve on the four-subframe scheme performance.  The boundaries between these levels, in terms of SNR measured by the UE, are [-10, -6.0, -1.5] dB.  However, the complexity trade-off associated with additional buffering may not be justified by this improvement.
Table 4 below summarizes the PRACH CE level simulation results.

Table 4: Summary of PRACH CE level simulations

	RSRP est. scheme
	Rel-8
	2SF, p200

	CE level (dB)
	0
	5
	10
	15
	0
	5
	10
	15

	SNR criterion (dB)
	[-0.5)
	[-4.5,-0.5]
	
	(-4.5]
	[-1.0)
	[-5.5,-1.0]
	
	(-5.5]

	Prob. CE level higher
	
	5%
	
	5%
	
	5%
	
	5%

	
	
	

	RSRP est. scheme
	4SF, p400
	5SF, p400

	CE level (dB)
	0
	5
	10
	15
	0
	5
	10
	15

	SNR criterion (dB)
	[-1.5)
	[-6.0,-1.5]
	[-9.5,-6.0]
	(-9.5]
	[-1.5)
	[-6.0,-1.5]
	[-10.0,-6.0]
	(-10.0]

	Prob. CE level higher
	
	5%
	5%
	5%
	
	5%
	5%
	5%


As a consequence of these simulations a potential RAN4 reply to RAN1 on the topic of PRACH CE levels should contain the following recommendations:

Recommendation 1: It is feasible to determine PRACH CE levels in an AWGN environment by using CRS-based RSRP estimates in a coherent combining scheme (e.g. combining 4 subframes across a 400ms measurement period)
Recommendation 2: The boundaries between the [15, 10, 5, 0] dB PRACH CE levels are [-9.5, -6.0, -1.5] dB
3
Conclusions

This paper has derived the SNR operating points required for an eMTC UE to operate in the coverage enhancement levels that are described in the LS, provided an analysis of the statistics of measured RSRP distributions, and recommended a possible set of thresholds that could be defined.
Observation 1: It is not possible to reliably distinguish between 10 dB and 15 dB CE levels using the Rel-8 RSRP estimator
Observation 2: It is not possible to reliably distinguish between 10 dB and 15 dB CE levels using the two-subframe coherent combining RSRP estimator (over a 200ms measurement period)

Observation 3: It is possible to reliably distinguish between the [15, 10, 5, 0] dB CE levels using the four-subframe coherent combining RSRP estimator (over a 400ms measurement period).  The boundaries between these levels, in terms of SNR measured by the UE, are [-9.5, -6.0, -1.5] dB.
Observation 4: It is possible to reliably distinguish between the [15, 10, 5, 0] dB CE levels using the five-subframe coherent combining RSRP estimator (over a 400ms measurement period) and to somewhat improve on the four-subframe scheme performance.  The boundaries between these levels, in terms of SNR measured by the UE, are [-10, -6.0, -1.5] dB.  However, the complexity trade-off associated with additional buffering may not be justified by this improvement.

Recommendation 1: It is feasible to determine PRACH CE levels in an AWGN environment by using CRS-based RSRP estimates in a coherent combining scheme (e.g. combining 4 subframes across a 400ms measurement period)

Recommendation 2: The boundaries between the [15, 10, 5, 0] dB PRACH CE levels are [-9.5, -6.0, -1.5] dB
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