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1
Introduction
LTE Rel-13 introduced improved support for machine-type communications (MTC) in the form of a low-complexity UE category, coverage enhancement modes and extended discontinuous reception, and this work item broadens the range of use cases that can be addressed by LTE MTC by providing higher data rate support, multicast support, improved positioning, VoLTE enhancements and mobility enhancements.
2
Description
2.1
Higher data rate support

The low-complexity UE category introduced in LTE Rel-13 (Cat-M1) has a UE bandwidth of 1.4 MHz and a peak rate of 1 Mbps in DL and UL. Coverage enhancement (CE) modes A and B, which are applicable to both Cat-M UEs and normal LTE UEs, are also restricted to 1.4 MHz in Rel-13. This work item introduces the following data rate improvements in order to be able to address a wider range of use cases.
· New UE category M2: A new UE category (Cat-M2) is introduced with a UE bandwidth of 5 MHz and peak rates of approximately 4 Mbps in DL and 7 Mbps in UL. These peak rates apply for UEs supporting full-duplex FDD operation – the peak rates for UEs supporting half-duplex FDD are approximately half of these numbers and the peak rates for UEs supporting TDD depend on the DL/UL subframe configuration.
· Wider bandwidth in CE mode: CE modes A and B are improved to support maximum data channel bandwidths of 5 or 20 MHz in DL, and CE mode A is improved to support a maximum data channel bandwidth of 5 MHz in UL. The control signaling (MPDCCH, system information, etc.) is still restricted to 1.4 MHz in order to re-use as much as possible of the Rel-13 design.
· Higher UL peak rate for Cat-M1: Support for a larger transport block size (TBS) of 2984 bits instead of 1000 bits is introduced in order to increase the UL peak rate for Cat-M1. Increasing the UL TBS is not expected to increase the UE complexity significantly but will provide an UL peak rate boost which may be particularly useful in DL-heavy TDD configurations.
· 10 DL HARQ processes in FDD: In order to enable UEs that support full-duplex FDD operation to do continuous DL data transmission, the number of DL HARQ processes is increased from 8 to 10, increasing the DL peak rate with 25%. This will also benefit half-duplex FDD UEs configured with HARQ-ACK bundling.
· HARQ-ACK bundling in HD-FDD: In half-duplex FDD operation, the DL peak rate is limited by the fact that the UE needs to switch to UL in order to transmit HARQ-ACK feedback. This work item introduces HARQ-ACK bundling, where the UE transmits a single HARQ-ACK feedback for multiple DL transport blocks, thereby enabling the UE to incease the portion of subframes that can be used for DL data transmission from 30% to 53% (or to 59% using 10 DL HARQ processes).
· Faster frequency retuning: Since the UE bandwidth of Cat-M UEs can be smaller than the system bandwidth, a guard period of 2 OFDM symbols is applied in CE mode to allow these UEs to do frequency retuning within the system bandwidth. This work item introduces support for shorter guard periods of 1 symbol (for Cat-M) and 0 symbols (for normal LTE UEs in CE mode), allowing for somewhat improved link performance.
These features can be supported by Cat-M2 and normal LTE UEs supporting CE mode. All features except the wider bandwidth can also be supported by Cat-M1.
2.2
Multicast support

Multicast is introduced based on SC-PTM with modifications to suit the low complexity of Cat-M UEs and enhanced coverage of UEs operating in CE mode. Similar to LTE, SIB20 configures the transmission of the single SC-MCCH per cell which in turn configures up to 128 SC-MTCHs. Each SC-MTCH can be configured to support up to 1 Mbps over 1.4 MHz or 4 Mbps over 5 MHz, with or without frequency hopping. The modification and repetition periods of SC-MCCH are extended to account for the repetitions used for coverage extension on MPDCCH and PDSCH. To keep UE complexity low, the 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 random access. Differently to LTE, there is no SC-N-RNTI. Instead, notification of SC-MCCH change is indicated directly in the downlink control information (DCI) which schedule SC-MCCH and SC-MTCH to avoid the need to send change notification separated in time from the scheduling DCIs.
2.3
Improved positioning

The necessary signaling for the LTE positioning methods E-CID and OTDOA is supported already in Rel-13 for Cat-M1 and other UEs in CE mode but this work item introduces full standard support by also including measurement performance requirements. Also, additional OTDOA enhancements are introduced in order to take into account the limited UE bandwidth of Cat-M UEs and the low signal-to-noise ratio (SNR) operating point of UEs in CE mode. Each cell and UE can be configured with up to three positioning reference signals (PRS) instead of just one, each PRS with its own configured transmission interval, duration and bandwidth, with or without frequency hopping. The intervals can now be as short as 10 ms (previously 160 ms) and the duration as long as 160 ms (previously 6 ms). Although these OTDOA enhancements have been designed with Cat-M and other UEs in CE mode in mind, they can be supported by LTE UEs that do not support CE mode.
2.4
VoLTE enhancements

Cat-M1 and other UEs in CE mode A support VoLTE already in Rel-13 but this work item introduces optimizations to improve the coverage for VoLTE and other delay sensitive services in particular in half-duplex FDD and TDD where the number of available DL/UL subframes is limited.
· New PUSCH repetition factors: Two new subframe repetition factors (12, 24) were included in the existing range (1, 2, 4, 8, 16, 32) for the uplink data channel (PUSCH) in order to allow more efficient use of available subframes.
· Dynamic HARQ-ACK delays: A field indicating a HARQ-ACK delay was introduced in the downlink control information (DCI) to allow more flexible scheduling of the HARQ-ACK feedback for DL data transmissions.
· SRS coverage enhancement: Support for sounding reference signal (SRS) repetition in the special subframe in TDD was introduced in order to enable improved link adaptation.
These features are not limited to VoLTE but can be used with any service for Cat-M or other UE in CE mode A. The SRS coverage enhancement can furthermore be supported also by LTE UEs that do not support CE mode.
2.5
Mobility enhancements

Rel-13 has full standard support for intra-frequency measurements for Cat-M1 and other UEs in CE mode including signaling and measurement performance requirements and has signaling support for inter-frequency measurements. This work item introduces full standard support for inter-frequency measurements by also including measurement performance requirements.
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