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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 should support 3 different modes of operation: 
1. ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.	‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	‘In-band operation’ utilizing resource blocks within a normal LTE carrier

In this contribution, we provide our views and considerations on PRACH design for NB-IoT, particularly on relation between the defined coverage level classes in the CIoT study [2] and the PRACH resources and flexible/dynamic operation of CE levels as defined in the eMTC rel.13.

2. Discussion
In the study item technical report, it has been reported that NB-IoT support the coverage based on Maximum Coupling Loss (MCL) calculation from 144 dB to 164 dB MCL. Three coverage classes were defined, namely basic coverage (144 dB MCL), robust coverage (154 dB MCL), and extreme coverage (164 dB MCL) [2]. This indicates NB-IoT has up to 20 dB coverage enhancement, which is wider than eMTC coverage enhancement (up to 15 dB). PRACH resources can be divided to several group of resources that correspond to several coverage enhancement (CE) levels. Based on our observations, it can be based on the following three methods:
· Method 1: Divided PRACH resources to 3groups using fixed MCL thresholds (144 dB, 154 dB, and 164 dB) [2].
· Method 2: Divided PRACH resources based on a configurable set of thresholds as in eMTC [3].
· Method 3: Divided PRACH resources based on a configurable thresholds taken from a set of predefined thresholds.

Referring to Method 1, we consider that 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 [2] 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.

Observation 1: NB-IoT has relatively wide extended coverage range (i.e 20 dB). In order to use the PRACH resources more efficient, NB-IoT, coverage class / CE level with fine granularity can be defined.

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 is explained below. 

Observation 2: There is a trade-off between the amount of signalling and the eNB flexibility in configuring the CE levels and PRACH resources.

Figure 1 below illustrates an example of the alternatives for the coverage enhancement (CE) level classes in NB-IoT using Method 3. The 20 dB coverage range is divided in 5 dB step. We can consider this as the working assumption. Hence, 5 coverage classes are defined and more CE levels in comparison to 3 CE levels as in [2]. We propose that the eNB has full control in providing flexible coverage level classes in NB-IoT. More than 3 classes can be defined but eNB has a flexibility to configure UE to use all or some of those defined CE levels. In Figure 1, several alternatives are given. Alt.1 corresponds to the existing agreement as in [2] where 3 active coverage classes are used. Alt.2 is in case eNB consider that it will only support the UE up to robust coverage with 3 active coverage classes or the eNB expect there is no UE in extreme coverage mode in that cell. Thus, the eNB is not allocating any PRACH resources for the extreme coverage mode. For example the eNB is not configured to accommodate an NB-IoT device (e.g. smart meter) in an extreme coverage mode. The last alternative (alt. N) is in case the eNB considers the need of to support all coverage classes / CE levels.

We prefer Method 2 and 3 as it provides a flexibility to the eNB in terms of allocating the PRACH resources and CE levels. We also believe it would be good to keep the commonality between the method in NB-IoT and eMTC. However, if we consider to reduce the amount of signalling we prefer Method 3.





Figure 1: Flexible coverage enhancement (CE) level classes in NB-IoT


Proposal 1: Define more than 3 CE levels and that the eNB has a flexibility to configure UE to use all or some of those defined CE levels.

This flexible allocation can happens dynamically. The eNB can detect in case it needs to update its active CE levels (e.g. by detecting a lot of preamble transmissions in certain CE level). In order to update the UE on the latest active CE levels, the eNB can update the SIB information.

Proposal 2: The SIB information from eNB to UEs contains active CE levels and the PRACH resources configuration for each CE level.

One of the simple ways to keep the signalling low as in Method 3 is to predefine the CE level thresholds and to include a list of preamble group configurations, with empty list meaning that the configuration is not active. For example in case of Alt.1 above:

	CE level
	MCL
	PreambleGroupConfig

	0
	144 dB
	Preambles n1 to (n2-1)

	1
	149 dB
	Empty

	2
	154 dB
	Preambles n2 to (n3-1)

	3
	159 dB
	Empty

	4
	164 dB
	Preambles n3 to (n4-1)


 
In this table, the CE level 1 and 3 are inactive and indicated by defining an empty preamble group configuration.

Proposal 3: CE levels threshold is predefined. The active/inactive CE level(s) are indicated using the list of preamble group configuration, with an empty list indicating a non active CE level.

We expect the UE determines its coverage level (e.g. the same procedure as in eMTC based on RSRP measurement). In case the Alt. 3 is chosen by the eNB and UE measurement results in the coverage class 159 dB MCL (which is inactive in Alt.3), then the UE should select the nearest supported coverage level with higher MCL value (i.e CE level 4 with 164 dB MCL).

Proposal 4: The UE performs measurement (e.g. RSRP measurement) to decide its CE level. If the measurement results in an inactive CE level then the UE will select the nearest CE level with higher MCL value.


3. Conclusion
In this contribution, we have discussed our considerations on PRACH resources allocation related to the CE levels for NB-IoT and captured the following observations and proposals:

Observation 1: NB-IoT has relatively wide extended coverage range (i.e 20 dB). In order to use the PRACH resources more efficient, NB-IoT, coverage class/CE level with fine granularity can be defined.

Observation 2: There is a trade-off between the amount of signalling and the eNB flexibility in configuring the CE levels and PRACH resources.


Proposal 1: More than 3 CE levels is defined and the eNB has a flexibility to configure UE to use all or some of those defined CE levels.

Proposal 2: The SIB information from eNB to UEs contains active CE levels and the PRACH resources information.

Proposal 3: CE levels threshold is predefined. The active/inactive CE level(s) are indicated using the list of preamble group configuration, with an empty list indicating a non active CE level.

Proposal 4: The UE performs measurement (e.g. RSRP measurement) to decide its CE level. If the measurement results in an inactive CE level then the UE will select the nearest CE level with higher MCL.
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