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1 Introduction
Rel-13 WI on further MTC enhancements [1] has been discussed in several RAN4 meetings, and the focus is on the RRM measurement performance, as well as the feasibility to use RSRP measurement to distinguish different coverage enhancement (CE) levels for initial PRACH transmission, as asked in two RAN1 LS [2-3].

In last RAN4 meeting, link level simulation results were provided by some companies, with the agreed simulation assumptions. However, the results are not aligned due to different measurement technique, which is UE implementation issue, used in the simulations. 
As a result, there was no outcome from the discussion on the CE level distinction. During the meeting, a WF [4] with some high level views was iterated but not agreed, due to lack of detailed technical analysis. Some companies also commented that RAN4 need to evaluate the reliability of the RSRP based CE level distinction.  

In this paper, we will propose an evaluation framework to make quantitative analysis on the reliability of RSRP based CE level distinction. RAN4 could collect simulation results from companies, use this framework to calculate the reliability, and feedback the information to RAN1.
2 Discussion

On high level, it is obvious that RSRP can be used as a metric for UE to determine its CE level and the repetition for the initial PRACH transmission, and the distinction is more reliable when the concerned CE levels are separated larger. On the other hand, in order to provide more meaningful feedback to RAN1, RAN4 needs to make quantatitive analysis on the RSRP based CE level distinction, and provide the derived reliability to RAN1. 
Proposal 1: RAN4 should make quantitative analysis on the RSRP based CE level distinction, and provide the derived reliability to RAN1. 

In our view, the evaluation can be done with following steps.
S1: Determine the RSRP (or equivalently SNR) thresholds for different CE levels
In order for UE to distinguish different CE levels, RSRP threshold should be determined between any of the two CE levels. In [5] we have calculated the lowest SNR levels corresponding to different CE levels. Since in the single cell scenario (which is approximately the case for UE in deep CE) SNR and RSRP can be used exchangeable we will use SNR thresholds throughout this paper. 
The derived SNR thresholds are listed in Table 1. It should be noted that determination of the thresholds is UE implementation issue, and UE has the freedom to bias towards conservative or aggressive CE level selection.

Table 1: SNR thresholds for different CE levels
	SNR range (dB)
	≥0.8
	-4.2 ~ 0.8
	-9.2 ~ -4.2
	-14.2 ~ -9.2
	≤-14.2

	CE level (dB)
	0
	5
	10
	15
	Not supported


S2: Determine the SNR assumption for CE level selection based on worst case
From Table 1, each CE level corresponds to an SNR range, e.g. UE with SNR ≥0.8dB should select 0dB CE while UE with SNR between -9.2 and -4.2dB should select 10dB CE. When evaluating the reliability of these two CE levels, we need to determine the assumption where the UE is. The probability of wrong selection to 0dB CE could quite different for UE with -9.2dB SNR and -4.2dB SNR.

We propose to use the worst case for SNR assumptions for reliability analysis, i.e. when UE is just at the SNR level same as the threshold in Table 1. The SNR assumptions for each pair of CE levels are listed in the 3rd column of Table 2.

Table 2: SNR assumptions for reliability analysis and the error probability of CE level selection 

	CE levels to be distinguished
	Error case
	Assumed SNR for error probability evaluation
	Derivation of the error probability
	Derived error probability based on simulation results in Annex

	0 & 5
	0(5 

(UE should select CE 0dB but wrongly selects CE 5dB)
	0.8
	@(-1)dB 

(@xdB means the percentile on the CDF curve corresponding to xdB error)
	0

	
	5(0
	0.8
	1-@(+1)dB
	58%

	0 & 10
	0(10
	0.8
	@(-5)dB
	0

	
	10(0
	-4.2
	1-@(+5)dB
	0

	0 & 15
	0(15
	0.8
	@(-10)dB
	0

	
	15(0
	-9.2
	1-@(+10)dB
	0

	5 &10
	5(10
	-4.2
	@(-1)dB
	0

	
	10(5
	-4.2
	1-@(+1)dB
	65%

	5&15
	5(15
	-4.2
	@(-5)dB
	0

	
	15(5
	-9.2
	1-@(+5)dB
	0

	10&15
	10(15
	-9.2
	@(-1)dB
	0

	
	15(10
	-9.2
	1-@(+1)dB
	72%


     S3: Derive the accuracy performance at assumed SNR levels
In this step, the accuracy performance is derived from link level simulations for SNR levels 0.8/-4.2/-9.2dB. The CDF curves from our simulation are provided in the Annex. 
S4: Derive the error probability from the accuracy and the gap between CE levels
The probability of wrong selection from CE level A to B can be defined as probability that the RSRP measurement at worst SNR for CE level A exceeding the worst SNR for CE level B. 
Still taking 0 and 10dB CE level as example, the probability of wrong selection to CE level 10dB when UE is at 0dB is the probability that RSRP measurement at SNR 0.8dB being smaller than -4.2dB, i.e. the percentile on the CDF curve corresponding to -5dB error; the probability of wrong selection to CE level 0dB when UE is at 10dB is the probability that RSRP measurement at SNR -4.2dB being smaller than 0.8dB, i.e. one minus the percentile on the CDF curve corresponding to +5dB error. 

For adjacent CE levels like 0 and 5dB, we propose to leave a margin for the reliability analysis, as there should be no hard limit in RSRP for UE to select the PRACH repetition level. For example, we think it is reasonable for UE to select either 0dB or 5dB CE for PRACH transmission when its (ideal) SNR is within [0.8-0.5, 0.8+0.5]dB, so 1dB margin is assumed in our evaluation.      

The derivation of the error probability is listed in the 4th column of Table 2. The derived error probability based on our simulation results is listed in the 5th column of Table 2.
With all four steps S1~S4, the reliability of RSRP based CE level distinction can be evaluated with the metric of probability of wrong selection between any of the two CE levels. This is illustrated in Figure 1 (numbers are examples).  
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Figure 1: Illustration of the reliability evaluation framework
Proposal 2: RAN4 to evaluate the reliability of the RSRP based CE level distinction with following steps.
· S1: Determine the RSRP (or equivalently SNR) thresholds for different CE levels;
· S2: Determine the SNR assumption for CE level selection based on worst case;

· S3: Derive the accuracy performance at assumed SNR levels;

· S4: Derive the error probability from the accuracy and the gap between CE levels.

3 Conclusions 

In this paper, we provided an evaluation framework to analyze the reliability of RSRP based CE level distinction. The framework consists 4 steps, and the reliability is evaluated with the metric of probability of wrong selection between any of the two CE levels.  
Specifically, we have the following proposals.
Proposal 1: RAN4 should make quantitative analysis on the RSRP based CE level distinction, and provide the derived reliability to RAN1. 

 Proposal 2: RAN4 to evaluate the reliability of the RSRP based CE level distinction with following steps.

· S1: Determine the RSRP (or equivalently SNR) thresholds for different CE levels;

· S2: Determine the SNR assumption for CE level selection based on worst case;

· S3: Derive the accuracy performance at assumed SNR levels;

· S4: Derive the error probability from the accuracy and the gap between CE levels.
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5 Annex

In the annex, an example of CDF curves of RSRP measurement performance is provided. The curves are from simulation based on AWGN channel, 1Rx and 400 measurmenet period (10 samples).
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