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1. Introduction

The NB-IoT WID [1] objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. 

NB-IoT supports coverage enhancements up to 20 dB (164 dB MCL) and this can be supported by performing signal repetitions operation. The coverage can be divided into several levels/classes. Each coverage level corresponds to a certain signal repetitions number.
In this contribution, we provide our considerations on PRACH coverage levels for NB-IoT, particularly on defining the coverage level classes related to the PRACH resources and flexible operation of coverage levels.

2. Discussion

In our previous contribution [2], we have listed the methods to divide the PRACH resources based on certain coverage levels criteria: 

· Method 1: Divide PRACH resources to 3 groups/coverage levels using fixed MCL thresholds (144 dB, 154 dB, and 164 dB) [3].

· Method 2: Divide PRACH resources based on a configurable set of thresholds as in eMTC [4].

· Method 3: Divide PRACH resources based on a configurable thresholds taken from a set of predefined thresholds [2].

In Method 1, we consider the 20 dB coverage enhancement is relatively wide and dividing it to 3 classes can be too sparse. For example, considering the coverage classes in [3] is used for the three different PRACH resources and UE measurement results in a value than correspond to 155 dB MCL then that UE will be categorized to the extreme coverage. This can result in the excessive usage of PRACH resources and subsequent transmissions (e.g requires more repetitions). On the other hand, Method 1 only requires a compact signalling in comparison to other methods.

Method 2 is the method used in eMTC and it provides more flexibility as the eNB can defines the set of thresholds. Considering the threshold levels are not specified / defined, this method requires more signalling between eNB and UE in comparison to the other methods. Method 3 essentially provide a good balance between Method 1 and Method 2 as it provides a flexibility based on a set of predefined thresholds. The details of Method 3 can be found in [2]. 

The UE selects the coverage level based on the UE measurement result, some companies suggest to use RSRP measurement as in eMTC [5],[6],[7]. However, due to the limited bandwidth operation of NB-IoT, it is expected the measurement result will not be accurate. It may not be beneficial to define many coverage levels if the measurement accuracy is not accurate which can make the UE selects wrong coverage levels. This could be the motivating factor to define 3 coverage levels for NB-IoT with 20 dB coverage enhancement (e.g. method 1). In the last ad-hoc meeting, some companies also prefer to keep 3 coverage levels [8].

In the last ad-hoc meeting [9], it has been agreed to introduce NB-RS so that it is more reliable than the legacy RS. The benefit of NB-RS, it can improve the measurement accuracy. However, the measurement based on NB-RS has not been thoroughly investigated.

GSM as other RAT technique that occupy the same bandwidth as NB-IoT has specified the measurement accuracy of ± 4 dB and ± 6 dB depending on the received signal power level [10]. RAN1 should consider that NB-IoT should have better accuracy than the existing accuracy requirements as in GSM.  

Observation 1: The measurement (e.g. RSRP) accuracy can affect the determination of coverage levels. Inaccurate measurement result can result in a few number of coverage levels. 

It is important to investigate the measurement accuracy based on NB-RS as it may affect the determination of coverage levels. However, the major constraint is the limited time frame of NB-IoT LTE release 13. If we mainly consider this constraint then we can define 3 coverage levels for NB-IoT release 13 and keep it open for the next release.
Proposal 1: At least 3 coverage levels can be defined for NB-PRACH.
Proposal 2: Investigate the UE measurement quality based on NB-RS and consider the NB-IoT measurement quality should be better than predecessor competing technology (e.g GSM).
In method 1, 3 coverage levels were defined with static/predefined threshold based on MCL (in dB) that is 144 dB, 154 dB, and 164 dB MCL. In method 2 that is used in eMTC, the tresholds for coverage levels are reconfigurable and defined by the eNB. For NB-IoT, we consider to keep the flexibility as in eMTC. One reason is the measurement accuracy of NB-IoT has not been thoroughly investigated. Another reason is the flexibility in coverage level thresholds is a safer option as we do not know at this stage what the optimal settings will be in a deployment.
Proposal 3: The eNB has flexibility to configure the NB-IoT coverage levels and the thresholds.
3. Conclusion

In this contribution, we have discussed our considerations on PRACH coverage levels determination for NB-IoT and captured the following observation and proposals:

Observation 1: The measurement (e.g. RSRP) accuracy can affect the determination of coverage levels. Inaccurate measurement result can result in a few number of coverage levels. 

Proposal 1: At least 3 coverage levels can be defined for NB-PRACH.
Proposal 2: Investigate the UE measurement quality based on NB-RS and consider the NB-IoT measurement quality should be better than predecessor competing technology (e.g GSM).

Proposal 3: The eNB has flexibility to configure the NB-IoT coverage levels and the thresholds.
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