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1
Introduction
The work item on “LTE-based 5G terrestrial broadcast” [1] specified enhancements on top of Rel-14 MBMS [2] to meet the 5G requirements for broadcast systems [3]. These enhancements, obtained as a result of the study in [4], are summarized as follows:
· Introduction of a new numerology for PMCH with 100us cyclic prefix and 2.5kHz subcarrier spacing for support of high mobility scenarios (up to 250km/h).

· Introduction of a new numerology for PMCH with 300us cyclic prefix and approximately 0.37kHz subcarrier spacing for support of rooftop reception.

· Enhancements to PBCH and PDCCH to increase robustness in low SINR scenarios.
This work item also produced a TR [5] summarizing the overall aspects of LTE-based 5G terrestrial broadcast.
2
Description
Numerology for high speed reception:
A new numerology for PMCH with 100us cyclic prefix, 400us OFDM core symbol duration, and 2.5kHz subcarrier spacing is introduced to support high mobility scenarios (up to 250km/h). With this numerology, each OFDM symbol uses one slot (0.5ms), and a transport block is mapped to two OFDM symbols (1ms).

Associated to this new numerology, a single reference signal pattern (MBSFN-RS) is introduced with a time-stagger length of 2, and a frequency separation (after de-staggering) of 4 subcarriers, which gives a maximum theoretical equalization interval of 200us.

Numerology for rooftop reception:

A new numerology for PMCH with 300us cyclic prefix, 2700us OFDM core symbol duration, and approximately 0.37kHz subcarrier spacing is introduced to support rooftop reception, especially tailored for deployments with large inter-site distance (e.g. HPHT-1 as defined in [4], with an inter-site distance of 125km).
With this new numerology, a new variation of frame structure type 1 is introduced. This frame structure consists of, every 40ms:

· One subframe (1ms) with 15kHz SCS, containing synchronization and system information, also named “cell acquisition subframe” (CAS)
· 13 slots (3ms each) carrying the PMCH with 0.37kHz SCS. Note that the time-transmission interval (TTI) for a transport block is extended to 3ms.


This frame structure is depicted in Figure 1




Figure 1: Frame structure type 1 for transmissions using (f = 0.370 kHz. 

Two reference signal patterns are introduced associated with this new numerology, with a stagger length of 2 and 4 OFDM symbols. Both of them have a frequency separation (after de-staggering) of 3 subcarriers, which gives a maximum theoretical equalization interval of 900us.
Enhancements to cell acquisition subframes:

As shown in [4], in some deployment scenarios the CAS will experience significantly lower SINR than PMCH due to the former being based on 15kHz subcarrier spacing. Several enhancements are introduced to enhance the performance of the CAS, and are detailed as follows:

· Semistatic CFI: A semistatic value for CFI (which determines the number of symbols to be used for PDCCH in a given subframe) is indicated in MIB. This allows the UE to skip PCFICH decoding, which can become the bottleneck in low SINR conditions.
· Aggregation level 16: Before Rel-16, the maximum aggregation level for PDCCH was 8. Rel-16 introduces aggregation level 16 (only for MBMS dedicated cells) to enhance performance in low SINR conditions.
· PBCH repetition: Similar to the scheme defined for eMTC (but with additional symbol-level rotation for interference randomization), PBCH is repeated in CAS.
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