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1 Background
During the work item on 5G terrestrial broadcast, it has been discussed whether time and/or frequency interleaving should be specified for the new numerologies. The following agreement was reached in RAN1#98:

Agreement:
Companies are encouraged to evaluate the performance of rooftop reception with tone interleaving.

In this contribution, we summarize our views on the essentiality of time-frequency interleaving for broadcast systems including both rooftop and car-mounted scenarios, and present a proposal for support of this feature in Rel-16.

2 Benefits of time-frequency interleaving
A survey of the presence of time-interleaving in current broadcasting systems is presented in [1]. All modern broadcast standards (e.g. DVB-T2, DTMB, ISDB-T, DAB/DAB+) have time-interleaving as an essential feature that provides protection against rapid fading and impulsive noise.
Observation 1: Time interleaving is present in all modern broadcast standards as an essential feature to combat rapid fading and impulsive noise, as summarized in [1].
The benefits of frequency and time interleaving have been verified under 3GPP system in several contributions:
· Time interleaving: [2], [3], [4], [6]
· Frequency interleaving: [3], [5], [6]

As one example on the benefits on interleaving, the results on [4] on time-frequency interleaving are reproduced below, where a ~3dB gain is observed at  BLER and a ~2dB gain is observed at  BLER. This allows to achieve a gain in spectral efficiency of ~30% with respect to the no-interleaving case.

[image: ]
Figure 1 Evaluation of HARQ-based time interleaving (from [4])

Observation 2: There is significant gain from time and frequency interleaving, based on evaluations provided in [2-6]
3 Proposed solution for Rel-16
In view of the input from [1-6], and the clear benefits from time-frequency interleaving shown in [2-6], we make the following proposal:
Proposal: 
For 2.5kHz numerology, introduce “HARQ-based time interleaving” as follows:
1. Reuse the modulation and TBS index table in TS 36.213 and according to the signaled IMCS, obtain  
2. Reuse the transport block size table in TS 36.213 and according to the obtained , obtain the corresponding TBS
3. Calculate the used TBS’ as , where the round operation maps  to the closest TBS in the legacy transport block size tables for TBs mapped to 1 and 2 layers.
a. In case two TBSs are at the same distance of , the larger TBS is chosen
4. For each of the n RVIDs, , where  is the pointer to the circular buffer defined in TS 36.212, and .
5. Across a set of  consecutive subframes not including MSI and/or MCCH, the TB mapped to subframe  is given by . The values of  are configurable within PMCH-Config.
a.  (Number of parallel HARQ processes)
b.  (Number of subframes/RVs)
· NOTE:  means interleaving is disabled
6. The RV sequence is as follows:
a. For ,  in sequence
b. For  
c. For 
7. Interleaving is not applied for PMCH carrying MSI and/or MCCH.


For 2.5kHz and 0.370kHz numerology, introduce “frequency interleaving” as follows:
· Group the modulation symbols in one OFDM symbol  into sub-blocks ot  tones each to obtain a vector    and  denotes the last elements of  not part of .
· M=9 for 2.5kHz  and 
· M=10 for 0.370kHz with T_d=2
· M=11 for 0.370kHz with T_d=4
· Apply the CRBI interleaver in R1-1913290 (where the number of columns equals the number of codeblocks) over the vector z [with the following modification:
· Cyclically shift by  the elements of each row , where  is the decimal equivalent of the binary string , and  is a length  pseudorandom number, generated according to subclause 7.2 of TS 36.211 with .]
· Map the output of the CRBI interleaver consecutively to the data tones frequency first.
· Map  consecutively to the remaining tones.
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PMCH 100/400, BW 5 MHz, TDL-A 20us 250 kmph, HARQ-based TIL

MCS8 HARQ TIL n=4 (TBS 25456 bits)

MCS8 HARQ TIL n=8 (TBS 51024 bits)

MCS6 No-TIL (TBS 4968 bits)

MCS8 No-TIL (TBS 6456 bits)


