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1. Introduction

In RAN #72 meeting, eNB-IoT was approved as a work item. The objective is to support additional functionalities including support of low power UE class(es), to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item [1].
According to [1], the objective regarding low power UE support by NB-IoT is as follows:
	New Power Class(es)
· Evaluate and, if appropriate, specify new UE power class(es) (e.g. 14dBm), and any necessary signaling support, to support lower maximum transmit power suitable for small form-factor batteries, with appropriate MCL relaxations compared to Rel-13 (RAN4, RAN2).


In this contribution, we introduce the potential issues on low power class UE support for eNB-IoT, which may require RAN1 discussion.

2. Issues with low power NB-IoT UE support
2.1. Cell selection/reselection
According to the current NB-IoT standards, network may set target coverage for NB-IoT support and set maximum CE level for both DL and UL based on the target coverage, where 20 or 23 dBm NB-IoT UE power class is assumed. If 14 dBm low power NB-IoT UE enters the network, the UE may be able to receive DL signals but the UE’s UL signals may not be received by network depending on the UE position/environments, which we call “DL/UL coverage imbalance”. Therefore, a mechanism for access barring of the low power NB-IoT UEs in DL/UL coverage imbalance should be necessary. However, current mechanism of cell selection/reselection for NB-IoT already includes UE power class in the cell selection criterion as follows [2]. Therefore, no special handling for cell selection/reselection of low power NB-IoT UE will be necessary.
<<< Quoted from TS36.304 V14.2.0 >>> -------------------------------------------------------------------------------
5.2.3.2a
Cell Selection Criterion for NB-IoT

The cell selection criterion S is fulfilled when:

	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Squal = Qqualmeas – Qqualmin - Qoffsettemp


where:

	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

else:

max(PEMAX1 –PPowerClass, 0) (dB);

	PEMAX1, PEMAX2
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in [TS 36.101]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [3].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in [TS 36.101]


-------------------------------------------------------------------------------------------------------------------------------

Observation 1: Based on the current standards for NB-IoT, no special handling for cell selection/reselection of low power NB-IoT UE will be necessary.

2.2. CE level determination for initial access
In current NB-IoT standards, if a cell provides multiple CE levels, NB-IoT UE should set its CE level for initial access based on the RSRP measurement and the configured RSRP threshold(s). When the UE chooses CE level > 0 or when the UE’s required transmit power exceeds Pcmax,c with CE level = 0, the UE should set its initial transmit power of random access preamble as Pcmax,c. According to this procedure, network will set the relation between RSRP level and required CE level for random access preamble under a certain assumption on the UE transmit power class. Since gap in the maximum transmit power between normal NB-IoT UEs and low power NB-IoT UEs can be large (e.g., 6~9dB), it is necessary to adjust CE level for initial access of low power NB-IoT UE when it reaches Pcmax,c due to its lower maximum transmit power capability than normal NB-IoT UEs.
Proposal 1: CE level for initial access of low power NB-IoT UE should be adjusted when it reaches Pcmax,c due to its lower maximum transmit power capability than normal NB-IoT UEs.
2.3. PRACH transmission of different power class UEs
If low power NB-IoT UE’s random access preamble is transmitted on the same time-frequency resource where normal power class NB-IoT UEs transmit random access preamble, low power NB-IoT UE’s random access preamble reception at eNB side may be corrupted due to normal power class NB-IoT UEs when they use their maximum transmit power. This impact may not be ignorable since gap in the maximum transmit power between normal NB-IoT UEs and low power NB-IoT UEs can be large. Therefore, enhancement may be considered to support coexistence of random access preamble transmissions of different power class NB-IoT UEs.
Proposal 2: Consider enhancement to support coexistence of random access preamble transmissions of different power class NB-IoT UEs.
3. Conclusion
In this contribution, we discussed the potential issues on low power class UE support for eNB-IoT, which may require RAN1 discussion. The proposals and observations of the contribution are as follows.
Observation 1: Based on the current standards for NB-IoT, no special handling for cell selection/reselection of low power NB-IoT UE will be necessary.

Proposal 1: CE level for initial access of low power NB-IoT UE should be adjusted when it reaches Pcmax,c due to its lower maximum transmit power capability than normal NB-IoT UEs.
Proposal 2: Consider enhancement to support coexistence of random access preamble transmissions of different power class NB-IoT UEs.
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