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1
Introduction
Whereas the Rel-13 NB-IoT specifications provide the fundamental air interface for ultra-low complexity UEs which can be connected to a network in massive numbers in extremely challenging coverage whilst having a long battery life, this work item gives NB-IoT support for positioning, multicast, connected mode mobility (without handover), higher data rates, load balancing for paging and random access onto non-anchor carriers, and support for a UE power class of 14 dBm to permit use of small form-factor batteries with very low peak-current delivery.
2
Description
2.1
Positioning
LPP (Location and Positioning Protocol) signalling is introduced as the positioning protocol for NB-IoT. The UE indicates its capability to perform OTDOA-, A-GNSS-, E-CID, terrestrial beacon service-, sensor-, WLAN-, and Bluetooth-based positioning. Of these, OTDOA and E-CID are specified in 3GPP. The UE indicates in the capability signalling when it requires idle mode to perform the measurements.
OTDOA

A new narrowband positioning reference signal (NPRS) is introduced, based on LTE’s PRS in one PRB. NPRS are configured to occur periodically in the time domain. There can be a bitmap, ‘Part A’, mapping to successive 10 or 40 subframes indicating which subframes may contain NPRS, and/or there can be a configuration of a number of consecutive subframes, a period, and an offset within the period of the starting subframe (collectively ‘Part B’). The NPRS pattern in one subframe is shown in Figure 1, and depends on whether the NB-IoT carrier containing the NPRS is deployed in-band to LTE, in an LTE guard-band, or standalone. Hearability of the pattern is improved by offsetting the pattern according to a UE-specific ID in the frequency domain, and by each Part being independently mutable in a configurable pattern corresponding to its periodicity, illustrated in Figure 2. The UE only needs to make RSTD measurements in RRC_IDLE mode, and it is the eNB’s responsibility to avoid collisions between NPRS and other transmissions the UE may need to receive in RRC_IDLE. Assistance information is provided for each non-serving NB-IoT carrier configured for NPRS to tell the UE the offset in time between the reference cell and the neighbour cell, and the subframes where SIB1-NB occurs if the neighbour cell is an anchor carrier.
	[image: image1.emf] 

Four PBCH antenna ports

One and two PBCH antenna 

ports

even- numbered slots odd- numbered slots

Antenna port 2006

even-numbered slots odd-numbered slots

Antenna port 2006


	[image: image2.emf]

	Figure 1a: NPRS for in-band NB-IoT carriers for 
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	Figure 1b: NPRS for guard-band/standalone NB-IoT carriers for 
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Figure 2: Illustration of Part A bitmap [0010000100], Part B with period 160 ms, 20 NPRS subframes per occasion and zero starting offset. Muting A = [1001], muting B = [01].
E-CID
Rapporteur’s note: This part is pending conclusions in RAN WGs
[Core requirements are defined for E-CID.] For estimating the UE Tx-Rx time difference, an HD-FDD UE is expected by implementation to account for any offset between the radio frames where it transmits and receives in case of long transmissions. The UE only needs to make NRSRP and NRSRQ measurements in RRC_IDLE mode.
2.2
Multicast
Multicast is introduced based on SC-PTM, with simplifications to suit the low complexity of an NB-IoT UE. Similar to LTE, SIB20-NB configures the transmission of the single SC-MCCH per cell which in turn configures up to 64 SC-MTCHs. The transmissions can be on anchor or non-anchor NB-IoT carriers. The modification and repetition periods of SC-MCCH are extended to account for the repetitions used for coverage extension on NPDCCH and NPDSCH. To keep UE complexity low, the NB-IoT UE is only required to receive SC-PTM in RRC_IDLE mode, and it is not required to process SC-MCCH at the same time as SC-MTCH, nor is it required to process any SC-PTM transmission at the same time as paging or RAR. Differently to LTE, there is no SC-N-RNTI. Instead, notification of SC-MCCH change is indicated directly in the DCIs which schedule SC-MCCH and SC-MTCH to avoid the need to send change notification separated in time from the scheduling DCIs.

2.3
Non-anchor carrier operation

There can be up to 15 DL and UL non-anchor carriers configured in a new NB-IoT SIB, used by paging, RAR, or SC-PTM, each identified by its centre frequency. For paging purposes, POs are distributed across the non-anchor carriers in a configurable uneven manner so that the eNB can decide what paging load each carrier should have. For random access, each non-anchor UL carrier has a probability with which the UE may randomly select it for Msg1&3, and corresponds to a DL carrier for Msg2&4; or for ordered random access the carrier for Msg1&3 is indicated by DCI.
On non-anchor carriers for receiving paging and RAR, the subframes which the UE can assume contain NRS are reduced, to benefit network power consumption and co-existence with LTE and NR in future. In addition to spanning a few valid subframes either side of the NPDSCH carrying paging or RAR, the NRS are reduced to start a few valid subframes before the paging NPDCCH search space or RAR window, and continue until a few valid subframes after the NPDCCH candidate that contains the paging DCI, or after the RAR window respectively.
2.4
Mobility enhancements

Rapporteur’s note: This part is pending conclusions in RAN WGs.
[RRC Connection Re-establishment procedure is introduced for UEs that only support the control plane CIoT EPS optimisations, to allow context fetch and retransmissions by MME and UE NAS in case of radio rink failure. Since AS security is not supported by these UEs, a new security function based on NAS security is introduced in order to protect the RRC Connection Re-establishment message. New protocol functions are introduced over S1 and X2 to allow the retrieval of a UE context for a UE that supports Control Plane CIoT EPS optimizations and for which no DRBs have been configured.]
The legacy procedure of data forwarding at handover is used at radio link failure for the user plane CIoT EPS optimization.

2.5
Power consumption and latency reduction

To reduce the time and UE power required to transfer larger messages in more favourable coverage, the range of transport block sizes (TBS) the NB-IoT UE can support is increased from a maximum of 680 bits DL and 1000 bits UL to 2536 bits on both links. This establishes a Category NB2 UE. The Cat NB2 UE may optionally have 2 HARQ processes for UL and DL (compared to 1 each in Rel-13), allowing further peak rate increases, in which case the time spacing between transmissions is reduced on the assumption the UE decoding capability has been increased. The use of 2 HARQ processes by a UE must be activated by the eNB. The peak rate on a standalone non-anchor carrier is increased from 25 DL / 60 UL kbps to approximately 80 DL / 105 UL kbps for 1 HARQ UEs, and 125 DL / 140 UL kbps for 2 HARQ UEs.
2.6
Lower power class

RF requirements are introduced for a UE with a maximum transmit power of 14 dBm. The intention is to allow the use of small form-factor batteries which provide a low peak current. Signalling is introduced to allow the network to control if and how these UEs can access a cell. There is not compensation by additional repetitions for control and data to account for the power class reduction, as these UEs are assumed to be in normal or extended (rather than extreme) coverage, but the UE selection of a coverage level for NPRACH transmission is adjusted according to the UE’s maximum power.
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