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Introduction
This work item added or enhanced a number of features in NB-IoT primarily focusing on reducing UE power consumption, and also enhanced parts of the Rel-13 NB-IoT air interface and protocol layers to respond to feedback from early deployments; additional new features include support for small cells, extensions to NB-IoT standalone operation mode, and TDD.
2
Description
Wake-up signalling for IDLE mode (FDD)
When a UE is in DRX or eDRX, it must regularly check if a paging message is arriving from the core network. At most possible occasions for paging, no message arrives for the UE and the power the UE consumed could have been saved. This feature allows the eNB to send the UE a ‘wake-up signal’ (WUS) to instruct the UE that it must monitor NPDCCH for paging, and otherwise allows the UE to skip the paging procedures. This allows the UE to potentially keep parts of its hardware switched off for more of the time, and save the power of decoding NPDCCH and NPDSCH for paging. Depending on how long the network allows for the UE to ‘wake up’ after receiving a WUS, the UE may be able to keep switched on only a receiver dedicated to WUS detection, allowing much of the UE’s conventional hardware to remain in a very low-power state.
Scheduling request (FDD)

In Rel-13/14 NB-IoT, scheduling request (SR) exists only as a higher-layer procedure, which triggers a random access procedure to request sufficient UL resource to send a buffer status report (BSR). Rel-15 has added new, more resource and power efficient, ways to achieve this goal which can be configured by the eNB.

For a connected mode UE, eNB is able to configure by RRC periodic NPUSCH resources for the UE to send BSR, so the eNB is informed when pending traffic has arrived in the UE’s buffer. The resources are activated and de-activated (‘released’) by dynamic signalling on NPDCCH.
A connected mode UE is able to send, in the physical layer, a request to the eNB to be granted NPUSCH resources to send a BSR. This can be done either by a dedicated signal using a pre-configured NPRACH transmission, or via ‘piggybacking’ the request onto HARQ ACK or NACK transmission from the UE if one is available, by applying a cover code to the ACK or NACK symbols.
Early data transmission (FDD)
An idle mode UE is able to transmit data in Msg3 of the random access procedure, carrying between 328 and 1000 bits. After successful reception by eNB, the random access procedure terminates and the UE does not transition to connected mode. The UE requests a grant for EDT if its pending data is smaller than a maximum permitted size configured by eNB, by using a pre-configured set of NPRACH resources for its preamble transmission. The eNB can allow the UE to transmit a smaller amount of data than the maximum permitted size, in order to reduce the power spent transmitting padding bits.
Quick release of RRC connection (FDD and TDD)
A NB-IoT UE has to wait up to 10 seconds, after the receipt of the RRCConnectionRelease message, in case lower layers do not indicate succesful acknowledgement of the reception. This feature allows that, in case the UE is not polled, the UE can consider the receipt of the RRCConnectionRelease message to be succesfully acknowledged as soon as the UE has sent HARQ ACK. This feature was introduced from the Rel-14 specifications.
Relaxed monitoring for cell reselection (FDD and TDD)
This feature allows much of the RRM monitoring to be avoided in cases where an NB-IoT UE is stationary and/or the network topology is not changing, and UE battery life can be correspondingly extended. The network configures the UE with a ‘NRSRP delta’ threshold, and while the change in RSRP its current cell is less than the threshold, the UE does not need to monitor neighboring cells for 24 hours. This feature was introduced from the Rel-14 specifications.
RLC UM (FDD and TDD)
Rel-15 adds support for RLC unacknowledged mode (UM) to complement the acknowledged mode (AM) and transparent mode (TM) introduced in Rel-13. This reduces the need to send RLC signalling over the air for IoT traffic which may be latency and/or loss tolerant, or recoverable by the application layer.
Narrowband measurement accuracy improvement (FDD)
The narrowband secondary synchronization signal (NSSS) or, on the serving cell, transmissions of MIB-NB on the narrowband physical broadcast channel (NPBCH) can be used for making NRSRP measurements, as alternatives to using narrowband reference signals (NRS). NSSS and NPBCH use more resource elements for their transmission than NRS, and this should reduce the amount of subframes the UE needs to process to achieve a given measurement accuracy. 
NPRACH range enhancement (FDD)
NB-IoT is sometimes deployed in cells with radius of up to around 100 km. Rel-13 NPRACH supports cell radii up to 40 km with unambiguous determination of UE range. Beyond that distance, because NPRACH is a pure sine wave transmission, there can be ambiguities for the eNB to determine the UE’s range. A new NPRACH format is introduced with a subcarrier spacing of 1.25 kHz and a cyclic prefix of 800 μs, together with frequency hopping, which is sufficient to allow unambiguous range determination up to 120 km.
Small cell support (FDD and TDD)
eNB power classes are defined in NB-IoT to allow deployment of eNBs as microcells, picocells and femtocells, which use lower maximum transmit power than macro eNBs.
Reduced system acquisition time (FDD)
In FDD, when SIB1-NB is being transmitted with 16 repetitions (the maximum supported), eNB can transmit additional subframes containing SIB1-NB repetitions on anchor carriers and non-anchor carriers to allow faster decoding of SIB1-NB and reduce the UE’s power consumption during cell access. Compared to Rel-13 which supports up to 8 SIB1-NB repetitions, Rel-15 allows 16 repetitions.
UE differentiation (FDD and TDD)
The network is able to collect and store in the MME information about the UE and its traffic profile. This can be used to improve the scheduling of the UE according to e.g. its battery life or power supply, mobility, and when it tends to have traffic to transmit.
Access barring enhancement (FDD and TDD)
In Rel-13, the network can bar UEs at times of high load on a cell-specific basis. This feature allows UEs to be barred on a per-coverage level basis, so that UEs in deeper coverage levels and needing more repetitions of their transmissions, can be barred separately from other, less resource-intensive, UEs.
Mixed standalone operation (FDD)
In Rel-13, a standalone anchor or non-anchor NB-IoT carrier can only be configured together with another standalone carrier. This feature allows configuration of standalone anchor carriers with in-band and guard-band non-anchor carriers, and of in-band and guard-band anchor carriers with standalone non-anchor carriers. This allows small slices of non-LTE spectrum to be used as a standalone NB-IoT carrier and be linked with NB-IoT carriers associated to LTE spectrum.
Power headroom reporting enhancement (FDD)
In Rel-13, power headroom reports (PHR) are made by the UE from one of two tables depending on coverage, each containing four entries. This feature improves the granularity of PHR transmitted in Msg3 to have 16 levels.
TDD

Support for TDD is introduced, incorporating the Rel-13 NB-IoT feature together with Rel-14 features: UE category NB2, 2 UL/DL HARQ processes, multi-carrier RACH and paging, and OTDOA [1]. All LTE UL/DL subframe configurations are supported, except for configurations 0 and 6, and all LTE special subframe configurations are supported. In addition, some Rel-15 features described above are agnostic to FDD/TDD and thus can be used for both.
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