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1 Introduction
At RAN1#80 in February RAN1 discussed coverage enhancement procedures for PRACH, and came to the following agreements:
In a LS to RAN4 [1], RAN1 is asking for an analysis of whether the UE can determine the coverage scenario (non-coverage enhancement, coverage enhancement) and potentially several levels of the latter, to select a suitable number of repetitions at the beginning of the random access procedure given the radio environment. 

In this contribution, which is a resubmission of [5], we provide our view on the feasibility of the proposals by RAN1.

2 Analysis
2.1 RSRP
RAN4 performance requirements on measurement accuracy are generally based on AWGN in order to facilitate assessment of the accuracy of the device. Other, fading channels introduce loss of received power and it is problematic to assess whether the RSRP reported by the UE implementation is within the acceptable tolerance.

For absolute intra-frequency RSRP the allowed tolerance for a Rel.12 UE category 0-device is ±7dB down to SINR -6dB. It seems feasible to reuse those requirements also below SINR -6dB (see our contribution on low-cost MTC device in enhanced coverage [2]). The requirements in 3GPP TS 36.133 [3] are summarized in Table 1. 
Table 1: Summary of RSRP and RSRQ measurement accuracy requirements UE category 0
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy
	≥ -6dB
	±7 dB

	Intra-frequency relative RSRP accuracy
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB

	Intra-frequency absolute RSRQ accuracy
	> -3dB
	±3.5 dB

	
	≥ -6dB
	±4.5 dB


The measurement accuracy of RSRP estimated by a low-cost MTC device in AWGN conditions is shown in Figure 1, where it can be observed that down to SINR -10dB 90% of the RSRP estimates are within a tolerance of about 1dB, hence much less than the allowed tolerance of ±7dB. Below -10dB bias and variance gradually increases as the noise becomes more and more dominant. Hence in a practical case with line-of-sight and no multipath propagation a UE would accurately determine within a few dB at which SINR it is operating.
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Figure 1: RSRP accuracy for exemplary low-cost MTC device in AWGN. (left) Measured RSRP relative to noise power versus actual relative power level (SINR). (right) Tolerance of ±7dB translating to uncertainty of  ±7dB.
The problem using RSRP as an indicator of the coverage is that the tolerance of ±7dB translates into an uncertainty of likewise ±7dB, see rightmost panel of Figure 1, even though the particular UE implementation fulfills the specification [3] . In fading conditions it becomes worse since fluctuations in the radio channel introduce additional variance in the estimates, see for instance our results in [2]. 
Observation 1: The allowed RSRP tolerance of ±7dB directly transfers to an uncertainty of ±7dB regarding the coverage zone the UE is operating in.

It is proposed that the impact of usage of incorrect number of PRACH repetitions is investigated before deciding whether RSRP can be used as basis for selecting PRACH operating point. Particularly, the impact on system capacity is important to establish in order to allow assessment of the required precision.

Proposal 1: The consequence for the system capacity as well as the device’s power consumption from using incorrect number of initial PRACH repetitions shall be studied in order to identify which precision is needed when determining the PRACH operating point.
2.2 Cell detection
Existing requirements for intra-frequency cell detection for UE category 0 are captured in 3GPP TS 36.133 and state that the device shall be capable of detecting a new neighbor cell that fulfills side conditions on minimum received power level (RP) and SINR (Ês/Iot) for the synchronization channels as well as for the CRS, within 1000ms compared to 800ms for UE categories ≥ 1.

The cell detection comprises the cell search itself plus one RSRP measurement over a measurement period. Since the measurement period is extended from 200ms to 400ms for UE category 0, it means in practice that the cell search part of the cell detection is unchanged and constitutes 600ms. It is not likely that the same cell detection times can be met at SINR levels of e.g. -18dB.
In order to assess whether it would be feasible to use the achieved cell detection time as in indicator of coverage, an alignment on expected performance at low SINR (e.g. down to -18dB) is needed. Depending on performance requirements the solutions may be very different at low SINR, and it might be so that the cell detection time cannot be taken as a direct indicator of the coverage. Already for legacy UEs the cell detection times can vary substantially as some UE implementations focus on a thorough search each time a cell search is carried out, and do that sparsely, whereas other UE implementations focus on shallow searches but more often.
Proposal 2: Expected cell detection performance requirements at the low end of enhanced coverage shall be aligned in order to allow assessment of the feasibility of using cell detection time as an indicator of what PRACH operating point to use. Particularly as it is indicated in the RAN1 LS on measurement performance for MTC that devices in enhanced coverage are expected to be stationary, by which UE implementations may be prone to do deep searches for cells but sparsely, by which some other metrics than the cell detection time may be needed as indicator. 
3 Conclusions
We have looked in to the proposals by RAN1 and made an observation:
Observation 1: The allowed RSRP tolerance of ±7dB directly transfers to an uncertainty of ±7dB regarding the coverage zone the UE is operating in.

In order to determine the precision (tolerance) needed for the selection of PRACH operating point with respect to number of repetitions, we would first like to understand what impact it has on MTC device power consumption and system capacity if a device selects incorrect number of repetitions.

Proposal 1: The consequence for the system capacity as well as the device’s power consumption from using incorrect number of initial PRACH repetitions shall be studied in order to identify which precision is needed when determining the PRACH operating point.

Moreover, it is unclear what performance is expected for cell detection at very low SINR, and since it has been indicated by RAN1 that devices in enhanced coverage are expected to be stationary, it is unclear which cell search strategy will be used in UE implementations. Depending on strategy it might not be feasible to use the cell detection time as an indicator of which PRACH operating point to use. Therefore we propose to align on the expected cell detection performance at low SINR.

Proposal 2: Expected cell detection performance requirements at the low end of enhanced coverage shall be aligned in order to allow assessment of the feasibility of using cell detection time as an indicator of what PRACH operating point to use. Particularly as it is indicated in the RAN1 LS on measurement performance for MTC that devices in enhanced coverage are expected to be stationary, by which UE implementations may be prone to do deep searches for cells but sparsely, by which some other metrics than the cell detection time may be needed as indicator.  
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For coverage enhancement of PRACH, for initial random access


There is one to one mapping between PRACH repetition level and PRACH resource set


Multiple attempts are allowed for each PRACH repetition level


There is a configurable number of attempts


FFS: Whether the configuration of the number of attempts is common or separate per repetition level


Number of attempts per PRACH repetition level can be different


If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level


Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 


FFS: Power ramping or always max power used within each repetition level


FFS UE behavior when UE receives RAR, but fails contention resolution





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.
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