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1 Introduction
Before starting transmitting PRACH preamble for initial access to the network, eMTC UEs are required to determines the PRACH enhanced coverage (CE) level based on comparing its measured RSRP level with the network configured RSRP threshods in rsrp-ThresholdsPrachInfoList. Based on the determined PRACH CE level, the UEs will select PRACH resources, which are configured for each CE level, and then transmit PRACH preamble using the PRACH resources and configuration corresponding to the determined PRACH CE level. 
Due to RSRP measurement inaccuracy, UE may select a wrong CE level (higher or lower than the one UE should select with real RSRP), and this would lead to waste of PRACH resources and long access delay. The problem was discussed in RAN4#81, with the WF [1] proposed but not agreed. In principle, companies have common understanding that the problem exists, and can be discussed in Rel-14 timeframe.
In this paper, we will analyze the consequence of wrong CE level selection, discuss different solutions proposed in [1], and provide our preference on how to solve the problem. 
2 Background
The purpose for the configuring PRACH resources and parameters for different PRACH CE levels is to maximize the usage of the PRACH resource in one hand and to minimize the UE initial access delays in the other. In general, for a UE located in an area under stronger RF signals, corresponding to lower PRACH CE levels, the UE needs less PRACH resource, e.g. fewer PRACH repetitions in order to send the PRACH preamble successfully; for a UE located in an area under weaker RF signals, corresponding to higher PRACH CE levels, the UE needs more PRACH resource, e.g. more PRACH repetitions in order to send the PRACH preamble successfully. 

For eMTC UE, the network can configure up to three RSRP threshold values in rsrp-ThresholdsPrachInfoList for four PRACH CE levels. For example, assume two RSRP threshold values {RSRP1, RSRP2} are configured in rsrp-ThresholdsPrachInfoList for three PRACH CE levels {CE0, CE1, CE2} then if the measured RSRP is less than RSRP2 for CE level 2, the UE is considered to be in CE2 for PRACH; else if the measured RSRP is less than RSRP1, the UE is considered to be in PRACH CE1; else, the UE is considered to be in CE0 for PRACH.
Obviously, whether UE can determine the PRACH CE level correctly will depend on the settings of the CE levels and the UE RSRP measurement accuracy. eMTC UE RSRP measurement accuracy are defined under the radio condition that Ês/Iot ( -6 dB for normal coverage and Ês/Iot ( -15 dB for enhanced coverage, we can expect the difference in RSRP threshold values may be defined smaller than 9dB, which is the difference between the normal and enhanced coverage level. On the other hand, the measurement accuracy for eMTC UEs are defined as (7dB and (8dB with Ês/Iot ( -12 dB and Ês/Iot ( -15 dB, respectively. It implies in most cases the UE may not be able to determine CE levels correctly, when the difference in RSRP threshold values is smaller than 9dB, which can only tolerant maximum (4.5dB RSRP measurement error. 

Due to RSRP measurement errors, the UE may mistakenly select a lower or a higher CE level. If the UE mistakenly selects a lower CE level, the UE will then access the network with the PRACH configuration of the lower CE level. The consequence is the UE will most likely fails in the first initial access attempt, and then need to increase its CE level for re-access. It will result in larger resource usage and longer initial access delays. On the other hand, if the UE mistakenly selects a higher CE level and then access the network with the PRACH configuration of the higher CE level. The consequence is the UE may use much more PRACH resource than needed for the initial access attempt. In addition, it may also result in longer initial access delays due to larger PRACH transmission repetitions.

In general, given that the UE measurement accuracy is defined as at least (7dB, and the practical CE level settings with offset smaller than 10dB, which can only tolerant more than (5.0dB RSRP measurement error, it is unavoidable to that many UEs may select wrong CE Levels and results in longer initial access delays and larger usage of the PRACH resources as defined in the current requirements.
Assume two RSRP threshold values {RSRP1, RSRP2} (RSRP1 > RSRP2) are configured in for three PRACH CE levels {CE0, CE1, CE2}, and the corresponding PRACH resources are {R0, R1, R2} for the three PRACH CE levels. Since higher PRACH CE levels means lower RSRP, the PRACH resource configured for a higher PRACH CE level should be more than that configured for a lower PRACH CE level in order to make sure eNB can receive the PRACH preamble reliably. For example, if the threshold RSRP2 is 3dB lower than the threshold RSRP1, than PRACH resource R2 should be able to provide 3dB gain than PRACH resource R1, e.g. the number of PRACH repetitions in R2 may be doubled from the number of PRACH repetitions in R1. If the threshold RSRP2 is 9dB smaller than threshold RSRP1, then the PRACH resource R2 may occupy 8 times of that for R1. 

Assume a UE that should select CE1, but mistakenly selects CE0. In this case, the UE will start accessing the network with PRACH resource R0. The access may most likely failed, since PRACH resource R0 is configured for UE with better RF condition. When the UE failed in PRACH with CE0, it will increase the PRACH CE level to CE1 by following the procedure defined in TS 36.321, and then try to access the network with PRACH resource R1 configured for CE1. The total PRACH resource usage will be R0+R1, and the total access time will also be the sum of the two attempts. The consequence of the wrong selection will be associated with the first PRACH attempt with CE0, including the waste of PRACH resource of R0; additional delay of the first PRACH attempt with CE0; extra power consumptions and interference to other UEs.

On the other hand, assume a UE that should select CE1, but mistakenly selects CE2, In this case, the UE will start accessing the network with PRACH resource R2, and the access will most likely to be success for the first attempt. The total PRACH resource usage will be R2, which could be multiple times more than the PRACH resource R1. If we assume the difference between RSRP1 and RSRP2 is 9dB, the PRACH resource R2 could be 8 times of that of R1. Thus, the consequence of this wrong selection will include the waste of PRACH resource of 7*R1; much longer PRACH access delay due to the repetition number of PRACH for CE2 are multiple times of the repetition number of PRACH for CE1 and cause much more interferences on other UEs.

Observation: The penalty for a wrong selection of the higher CE level is in general much larger than the penalty for a wrong selection of the lower CE level in terms of the PRACH resource waste. To minimize the penalty of wrong selection, it may be preferable for a UE to select a lower CE level than a higher CE level.

3 Discussion
Solution 1 in [1] proposes that if the PRACH CE level determined with the measured RSRP and configured RSRP thresholds is CE level X, UE is allowed to select CE level Y with Y≤X. In the Figure 1 below, when the measured RSRP=RSRPx, the UE may select {CE2, CE1, CE0}. When measured RSRP=RSRPy, the UE may select {CE1, CE0}. 
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Figure 1: Illustration of Solution 1 in [1]
This solution is equivalent to allow the UE to add additional infinite positive offset on the measurement RSRP for PRACH CE level determination. This is a not preferred solution, since it basically means the RSRP based PRACH CE level selection is abandoned, and network may actually loss the control on the CE assignment as well as the PRACH resource optimization.

In Solution 2, PRACH CE level is determined with the measured RSRP plus the maximum UE measurement error Δmax. In Figure 2 below, UE should select CE2 when measured RSRP + Δmax < RSRP2, CE1 when RSRP2 < measured RSRP + Δmax < RSRP1, and CE0 when measured RSRP1 < RSRP + Δmax. 
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Figure 2: Illustration of Solution 2 in [1]
This solution to provide a fixed bias of absolute UE measurement error may be over pessimistic for two reasons: 

· UE measurement accuracy requirements in TS 36.133 are the minimum performance requirements. In most cases, the UE measurement accuracy should be better than UE measurement accuracy defined by the minimum performance requirements;

· UE measurement accuracy requirements in TS 36.133 are defined with the fixed RF conditions, such as Ês/Iot ( -15 dB. In real system, UE measurement accuracy should also be better with the increase of the Ês/Iot levels. 

Therefore, using a fixed RSRP measurement offset defined by the absolute UE measurement error may not be the best solution for optimizing the PRACH resource usage. Ideally, the additional RSRP measurement offset should be added based on the true UE measurement error. However, in reality the UE measurement error may not be available, since it is unknown to the UE when the UE makes the RSRP measurements.  

Based on the consideration that UE measurement performance should improve with the increase of the radio condition, Solution 3 is proposed, where PRACH CE level is determined with the measured RSRP plus the UE measurement bias Δ, which decreases with the improve of RF conditions. In the following figure, the UE may select CE2, when measured RSRP + Δ < RSRP2, CE 1 when RSRP2 < measured RSRP + Δ < RSRP1, and CE 0 when measured RSRP1 < RSRP + Δ.
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Figure 3: Illustration of Solution 3 in [1]
With this solution, on one hand the probability of UE wrongly selecting the higher CE level is minimized with the positive bias. One the other hand, the resource waste caused by a fixed offset can be minimized by adapting the offset with UE RF condition and possibly cost of wrong selection. Solution 3 is our preferred solution. 
For some UEs, due to its implementation in RSRP estimation algorithm, its RSRP measurement error may not be distributed around the true RSRP, but already positively biased. For these cases, the UE may be allowed to use smaller adjustment values, or not use the adjustment values at all. Therefore, UE should be allowed but not forced to add the positive bias for CE level selection.

Proposal: For PRACH CE level selection, UE is allowed to add but not have to, add a positive bias, up to ΔdB on the RSRP measurements in the determination of the PRACH CE levels, where Δ decreases with the improve of RF conditions.
An example for Δ is given in [1] and copied in Table 1, but we are open to further discuss the exact values. 

Table 1: Example values for Δ

	Positive bias Δ (dB)
	Ês/Iot (dB)

	3
	Ês/Iot ≥ 0

	6
	-6 ≤ Ês/Iot < 0

	9
	Ês/Iot < -6


4 Conclusions 

In this paper, we analyzed the problem in eMTC UE PRACH CE level selection, which is caused by inaccuracy RSRP measurement. We have the following observation and proposal.
Observation: The penalty for a wrong selection of the higher CE level is in general much larger than the penalty for a wrong selection of the lower CE level in terms of the PRACH resource waste. To minimize the penalty of wrong selection, it may be preferable for a UE to select a lower CE level than a higher CE level.

Proposal: For PRACH CE level selection, UE is allowed to add but not have to, add a positive bias, up to ΔdB on the RSRP measurements in the determination of the PRACH CE levels, where Δ decreases with the improve of RF conditions.
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