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1.
Introduction

In [1], the possibility of repurposing a frequency (tone) interleaver to act as a time interleaver was investigated. The clear benefits of doing so were presented.

Moreover, the benefits of physical layer time interleaving are widely known. Physical layer time interleaving forms a vital part of state-of-the art terrestrial broadcasting standards where it guards against real-world effects such as impulsive interference and rapid signal fades in mobile channels. The benefits of physical layer time interleaving have been proven in real world implementations over the course of many years.

This contribution presents information on the different solutions adopted in state-of-the-art terrestrial broadcast standards to realise Time Interleaving (TI), with particular emphasis on the range of TI durations, or ‘depths’, that the standards permit.
2.
Time Interleaving in DVB-T2, DTMB, ISDB-T and DAB/DAB+
2.1 Time Interleaving in DVB-T2

In the DVB-T2 standard, FEC-encoded words with data payload belonging to the same TV service are grouped at the physical layer and interleaved in time before being transmitted. Figure 1 illustrates the process.
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Figure 1. Simplified diagram of TI operation in DVB-T2

A dedicated memory for TI is required, the size of which places an upper limit on the number of resources that can be interleaved. In other words, the interleaving depth, defined as the duration between the first and last OFDM symbol carrying data that has been time-interleaved, is limited by the available TI memory. The available TI memory in DVB-T2 is approximately 219 cells.
For a fixed amount of memory, the interleaving depth is dependent on the peak data rate of a given service. The TI depth can be approximately calculated by the following equation:
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Where CR is the code rate and M is the modulation order of the selected transmission mode. Rb is the service data rate.
As an example, for a DVB-T2 mobile mode with a 3 Mbps service delivered using a DVB-T2 QPSK ½ mode, the TI depth with the available memory can be up to 350 ms. The lower the data-rate the larger the TI depth. For a fixed roof-top mode with 256-QAM 2/3, the TI depth can be up to around 70-80 ms.
Note that DVB-T2 also permits the configuration of longer TI depth by means of allocating TI blocks within the same frame, in consecutive frames or even on a periodic basis.

2.3 Time Interleaving in DTMB
In the DTMB standard, time interleaving is applied to the data symbols after mapping across many signal frames. A convolutional interleaver is used for time domain interleaving, as shown in Figure 2, where B is the number of interleaving branches, and M is the interleaving depth (the buffer size of delaying module). Branch 0 synchronizes to the first data symbol. The total delay of interleaving and de-interleaving is B * (B-1) * M symbols. The standard defines a frame body (equivalent to useful OFDM symbol duration) of 500 us with three frame heads (equivalent to CP) with 55.6us, 78.7us, and 125us.
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Figure 2. Convolutional TI in DTMB

Two modes for the time domain interleaving are specified:

a) Mode1, with B=52 and M=240 symbols, which offers a total delay of interleaving and de-interleaving of 170 signal frames. Configurable TI depth are: 170*(500+55.6) = 94.44ms, 170*(500+78.7) = 98.38ms, and 170*(500+125) = 106.25ms;
b) Mode 2: with B=52 and M=720 symbols, which offers a total delay of interleaving and de-interleaving of 510 signal frames. Configurable TI depth are: 510*(500+55.6) = 288.33ms, 510*(500+78.7) = 295.14ms, and 510*(500+125) = 318.75ms.
2.3 Time Interleaving in ISDB-T

In the ISDB-T standard, a convolutional interleaving is specified as the time interleaving scheme to improve transmission robustness against impulse noise and fluctuating electric field strength. Convolutional interleaving can reduce both transmission and reception delay times and minimize the receiver memory size compared to block interleaving. The time interleaving depth (TI depth) can be configured from 4 options for each hierarchical layer depending on service requirements.

The TI depth is calculated by the following equation:



TI depth = 95 * I * (8/F) * Ts.
Where I is a configuration parameter selected from {0, 1, 2, 4} to meet several service requirements. F is a system parameter {2, 4, 8} that corresponds to FFT size of 2k, 4k or 8k, respectively. Ts is symbol duration that consists of useful symbol and guard interval.
As an example for an ISDB-T configuration with I=2, FFT size of 8k (F=8) and symbol duration Ts=1134 µs, the TI depth is calculated by 95 * 2 * (8/8) * 1134 µs = 215.5 ms. The range of TI depth in ISDB-T is up to 478.8 ms for fixed and mobile services with I=4, F=8, Ts=1260 µs.
2.4 Time interleaving in DAB/DAB+
DAB provides a fixed time interleaving depth of 360 ms
3.
Summary 

Table 1 broadly summarises the range of TI possible in the standards considered for mobile and fixed services:

	Standard
	Interleaving Depth (ms)

	
	Mobile
	Fixed

	DVB-T2
	500
	90

	DTMB
	300
	100

	ISDB-T
	480
	480

	DAB/DAB+
	360
	N/A


Table 1: Range of time interleaving depths available.

The following observations may be made:
Observation 1: Physical layer time interleaving forms a vital part of all state of the art broadcast systems, particularly to guard against real world effects such as impulsive noise and rapidly fading signals.

Observation 2: The benefits of physical layer time interleaving are well known and have been demonstrated over the course of many years in real world deployments. 
Observation 3: Terrestrial broadcast standards offer time interleaving depths in the order of 100ms – 500ms.
These observations lead to the following recommendation:

Recommendation 1: Physical layer time interleaving should be included in 5G Terrestrial Broadcasting
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