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1.	Introduction
In RAN1#98bis meeting, several companies mentioned that frequency interleaving and time interleaving [1] can be exploited to achieve performance gain to support new numerologies. 
In this contribution we propose a time and frequency interleaving method based on cross-row block interleaver (CRBI) for LTE-based 5G terrestrial broadcast systems. Link level evaluations are also provided to validate the effectiveness of the CRBI-based interleaver.
2.CRBI-based Frequency Interleaving

Figure 1 illustrates the basic idea of the CRBI. First, the input data are written column-wise into the interleaving memory with size . Second, the row indexes are reordered by

,




where , , and . Finally, the REs are read out by row-wise according to the new order of rows. It can be seen that the CRBI can largely increase the minimum span [2] of the interleaver. 











Figure 1: Example demonstrating the CRBI.



The CRBI-based frequency interleaver (CRBI-FI) interleaves the REs from a subframe using CRBI. If the effective subcarriers used for data transmission, denoted by, is not an integer multiple of code block,dummy cells are inserted to the end of the data vector before CRBI and deleted after CRBI, where . It is worth noting that the proposed CRBI-FI can perform not only inter-codeblock interleaving but intra-codeblock interleaving, even interleaving a fraction part of a codeblock.
2.1 Link level simulation
Figures 2 shows the BLER performance versus SNR for PMCH reception with and without frequency interleaving. The simulation parameters are the same as those of PMCH frequency interleaving for rooftop reception in [1]. Different from the row-column interleaver which has 9 and 15 columns, the CRBI-FI has 8 and 13 columns for TBS sizes of 45352 bits and 76208 bits respectively.

[image: ]
Figure 2: BLER vs. SNR for PMCH numerology with 300µs CP and 2700µs Tu in TDL-B channel with 35µs of delay spread in a 10 MHz system bandwidth.
[bookmark: _Hlk24125063]The results verify the performance improvement by the use of frequency interleaving. Furthermore, the proposed CRBI-FI achieves a better BLER performance than the row-column interleaver in [1]. 
Observation 1: The proposed CRBI-FI achieves a better BLER performance than the row-column interleaver. 
Proposal 1: CRBI-FI is specified for frequency interleaving of the PMCH numerology in 5G terrestrial broadcast systems.

3.CRBI-based Time Interleaving








The CRBI-based time interleaver (CRBI-TI) is operated over the frequency-interleaved REs, where the th row of the frequency-interleaved REs is circularly shifted to the left by . Here, denotes the modulus operator and  denotes the column number of the time interleaver. Figure 3 demonstrates the idea of CRBI-TI, where , , and  etc.  equals 4 OFDM symbols and each OFDM symbol carries one code block. 


Figure3:Illustration of the CRBI-based time interleaving.
3.1 Link level simulations



[bookmark: _Hlk21124430]The BLER performance of time interleaving for 100µs CP and 400us Tu with user speed of 120 kmph is shown in Figure 4.The simulations are conducted for TBS sizes of 9912 bits for the system bandwidth of10 MHz in the TDL-A channel model with 20µs delay spread. The RS pattern is Df=2 and Dt=2. Two row-column interleavers, where the number of columnsseparately equals the number of subframes  [1] and the number of OFDM symbols , are illustrated for performance comparison. The time interleaver depth of CRBI-TI in Figure 4 is measured in terms of OFDM symbol.
[image: ]
Figure 4: BLER vs. SNR (dB) for PMCH numerology with 100µs CP and 400us Tu in a 10 MHz system bandwidth with 120 kmph user speed.


The results in Figure 4 show the gain of time interleaving for the new numerology. On the whole, the proposed CRBI-TI has the advantage over the other methods. Specifically, it outperforms obviously the one in [1] and offers a slight better performance than the row-column interleaver with.
Observation 2: The proposed CRBI-TI can achieve significant performance gain.
Proposal 2: CRBI-TI is specified for time interleaving of the PMCH numerology to improve the reception in mobile environments..

4. Summary
Observation 1: The proposed CRBI-FI achieves a better BLER performance than the row-column interleaver. 
Observation 2: The proposed CRBI-TI can achieve significant performance gain.
we would like to propose as follows:
Proposal 1: CRBI-FI is specified for frequency interleaving of the PMCH numerology in 5G terrestrial broadcast systems.
Proposal 2: CRBI-TI is specified for time interleaving of the PMCH numerology to improve the reception in mobile environments.
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