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1 Introduction
At RAN#69, new work item NarrowBand IOT [1] was approved. The objective is identified as following:
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.
In this paper, we analyze the issues related coverage enhancement level for NB-IoT devices. We assume that most of the agreements related coverage enhancement in R13 LC/EC MTC can in principle be re-used for NB-IoT and try to discuss whether the adaptations should be required.
2 Discussion
Based on the definition in Rel-13 WI on “Further LTE Physical Layer Enhancements for MTC”(LC/EC MTC) [1], A UE in enhanced coverage is a UE that requires the use of coverage enhancement techniques to access the cell, that is, the UE in poor coverage is to operate with corresponding physical layer design to meet its limited link budget, as while the network should also adopt some enhanced approaches to ensure that a UE in poor coverage can receive correctly the downlink channels and messages, such as SI and paging messages. 
A UE in enhanced coverage at power on may determine its coverage enhancement level (we can refer it as CEL) through the downlink measurement based on the detection of the PSS/SSS/PBCH and even the signals in PDSCH if the UE can reliably determine their locations. During the previous discussion, several coverage enhancement levels were supposed and discussed, e.g. CEL1=5dB, CEL2=10dB, CEL3=15dB, CEL4=20dB. However, the final CEL definition should be based on the UE differentiation ability according to the analysis in RAN4. 

The stage2 agreements of Rel-13 CE UEs allow the UE to access a cell using enhanced coverage techniques only if MIB indicates that access of UEs in enhanced coverage is supported. And a UE in enhanced coverage camps in a suitable cell where S criterion for UEs in enhanced coverage is fulfilled. The enhancement coverage cell selection criterion and the new parameters for cell selection criterion in enhancement coverage mode will also be introduced. Preferably, the UE shall select/reselect cells in which it is able to operate in normal coverage over cells in which it has to be in enhanced coverage.
And also, a set of PRACH resources (e.g. time, frequency and preamble) and number of PRACH repetitions and number of maximum preamble transmission attempts per CEL are provided in SIB. Time/frequency resources and repetition factor for random access response messages for UEs in enhanced coverage can be derived from the used PRACH resources. All these enhancements enable UE to access the network with suitable resources and mechanism based on its chosen CEL. 

For the network, in order to ensure that a UE in poor coverage can decode all the system information messages, it can increase the length of the SI window and the number of repetitions it contains. A new value range of si-WindowLength is defined for Rel-13 LC/CE UEs. Value range is {20, 40, 60, 80, 120, 160, 200} ms which has longer values than that in legacy LTE. However, longer SI window may increase SI acquisition time. Another approach where UE combines SI message repetitions across SI windows is also introduced. With this approach the network can take care of both the coverage requirement of UEs in enhanced coverage and the latency requirement of normal UEs.
Proposal 1: The approaches for Rel-13 CE UE to determine its coverage enhancement level and camping cell, acquire system information messages and choose suitable PRACH resources can be applied for NB-IoT UEs in enhanced coverage.

In last meeting, supporting different paging transmission repetitions for different CEL is assumed. And we also know, there is a stage2 agreement in Rel-13 LC/CE UEs that the starting subframe of a paging occasion and the repetition pattern (in both time and frequency domain for downlink common control signaling) of that paging occasion are determined irrespective of the UEs enhanced coverage level. We try to conclude that only the paging transmission repetition number will be related to CEL for narrowband UEs. Based on the assumption, the network may need UE’s latest CEL in order to avoid unnecessary repetitions of paging.
When the UE moves from Idle to Connected mode, the UE indicates the coverage enhancement level to the eNB through the used PRACH resource associated with a coverage enhancement level. And then coverage enhancement level related information and corresponding cell ID are provided from the eNB to the MME. By this way, all the network nodes can get UE’s coverage enhancement level related information.

When the UE is in enhanced coverage and in RRC_CONNECTED, the eNB can acquire the UE’s latest coverage enhancement level based on uplink measurement or some feedback from UE. Then the eNB can update the coverage enhancement level information to MME through the UE CONTEXT RELEASE COMPLETE message, i.e. when the UE goes to RRC_IDLE.
Observation1: There are many approaches for the network to get UE’s coverage enhancement level related information.
There also may have possibility to happen coverage enhancement level change for a UE in RRC_IDLE. Since we assume that a lot of NB-IoT devices will be stationary, the more likely reason is radio condition change. Different from the scenario that the coverage enhancement level change is because of mobility, in which only the specific UE is affected, if the radio condition of a cell changes, the coverage enhancement level of all the UEs in this cell will be affected. If all the UEs try to report their new coverage enhancement levels to the network, which may trigger a great deal of random access procedures and bring heavy signalling load to network, and also cause unnecessary power consumption on the NB-IoT UE. If the radio condition change frequently, the situation will be worse.
Observation2: Access to network merely for coverage enhancement level change reporting for UE in RRC_IDLE may bring heavy signalling load to network, and also cause unnecessary power consumption to UE.
On the other hand, if the network can’t get the new CEL of the UE in RRC_IDLE, the MME and eNB uses the stored CEL to page the UE. In worst case, the maximum repetition numbers are used. Since we can assume the paging area is small because of a lot of NB-IoT devices are assumed stationary, such repetition will not cause much downlink load.

The eNB can also use some flexible paging strategies to get trade-off between paging reliability and paging signalling overhead. For example, the eNB can use the following hierarchical way to page an UE in enhanced coverage until getting the paging response:
1. Set the last stored CEL as base CEL. Set the last serving eNB before UE release the RRC connection as base paging area.
2. Use the base CEL and in the base paging area to page the UE.
3. Use a level one lower than the base CEL and in base paging area to page the UE.
4. Use the base CEL and in a slightly expanded paging area than the base paging area to page the UE. E.g. expanding to a few neighbour cells.
5. Set the level one lower than the base CEL as the new base CEL. Set the slightly expanded paging area as the new base paging area. Repeat the step 3-5.
There is one more issue for paging transmission. As we know, one page message may include several paging records. Paging records with different CEL may simply be transmitted in one message and the repetition numbers would be determined by the worse CEL. Alternatively, paging records with different CEL may be separately put into different paging messages. Considering resource utilizing efficiency, separately constructing and transmitting paging messages according to the CEL would be preferable.
Proposal2: The eNB can use some flexible paging message constructing and transmitting strategies, such as hierarchical paging or putting paging records with different CEL separately into different paging messages, to get trade-off between paging reliability and paging signalling overhead.
3 Conclusion
In this paper we analyze the issues related coverage enhancement level for NB-IoT devices. We assume that most of the agreements related coverage enhancement in R13 EC MTC can in principle be re-used for NB-IoT and give the following considerations:
Proposal 1: The approaches for Rel-13 CE UE to determine its coverage enhancement level and camping cell, acquire system information messages and choose suitable PRACH resources can be applied for NB-IoT UEs in enhanced coverage.

Observation1: There are many approaches for the network to get UE’s coverage enhancement level related information.
Observation2: Access to network merely for coverage enhancement level change reporting for UE in RRC_IDLE may bring heavy signalling load to network, and also cause unnecessary power consumption to UE.

Proposal2: The eNB can use some flexible paging message constructing and transmitting strategies, such as hierarchical paging or putting paging records with different CEL separately into different paging messages, to get trade-off between paging reliability and paging signalling overhead.
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