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1.
PMCH Time-Interleaving for mobile reception
In [1], it was shown that the introduction of time-interleaving at the LTE physical layer provides significant performance gains for the PMCH transport channel in mobile environments. The solution proposed in [1] was based on a row-column interleaver structure, as specified in DVB-T2 [2], where the Resource Elements (REs) from multiple subframes are written column-wise into the interleaving memory and read out row-wise to uniformly spread across time the transmitted information from multiple Transport Blocks (TBs). However, the implementation of time-interleaving as proposed in [1] may require to substantially increase the in-chipset memory to achieve sufficient interleaving depths, especially for system bandwidths beyond 3MHz.
In [3], it is proposed to reuse Hybrid Automatic Repeat reQuest (HARQ) processing, which is designed for unicast to request retransmission (or incremental redundancy) upon a TB decoding failure, to spread the TB information of the PMCH transport channel across multiple subframes and therefore exploit time diversity. Furthermore, the HARQ chip memory remains unused for dedicated MBMS carriers (i.e. no unicast transmissions) and can be repurposed to perform PMCH time-interleaving, i.e. no additional in-chip memory may be required. 
Leveraging existing RAN processing and existing receiver memory increases the likelihood of chipset implementation and aligns with the principle of the following requirement identified in Clause 9.1 of TR 38.913 [4] for Multimedia Broadcast/Multicast Service for next generation access technologies:
Req. 9
The new RAT shall leverage usage of RAN equipment (hard- and software) including e.g. multi-antenna capabilities (e.g. MIMO) to improve Multicast/Broadcast capacity and reliability.
Observation 1: HARQ-based time-interleaving reuses existing RAN processing and existing receiver memory that can facilitate the implementation of time-interleaving in chipsets.
Observation 2: HARQ-based time-interleaving reusing existing RAN processing and existing receiver memory meets Req. 9 in Clause 9.1 of TR 38.913 [4] for Multimedia Broadcast/Multicast Service for next generation access technologies.
In this contribution, we implement the technical solutions proposed in [3] to perform HARQ-based time-interleaving for PMCH and evaluate the link level performance in mobile environments. Our results verify the reported performance benefits in [3]. Furthermore, we compare the performance of HARQ-based vs. block-based time-interleaving as proposed in [1]. Finally, we present the observations and recommendations derived from this work. 
2.
Performance Evaluation
2.1 HARQ-based time-interleaving
Figure 1 presents the link level performance of HARQ-based time interleaving for a user speed of 250 kmph. The simulation parameters and assumptions are the ones agreed for this work item except that we use a system bandwidth of 5MHz. The schemes without time-interleaving with a TBS of 4968 bits (MCS 6) and TBS of 6456 bits (MCS 8) provide a spectral efficiency of 0.99 bits/s/Hz and 1.29 bits/s/Hz, therefore the results are comparable with those reported in [3]. The results in Figure 1 verify that at the high-speed scenario, HARQ-based interleaving can provide a spectral efficiency increase close to 30%.
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Figure 1: HARQ-based time-interleaving performance. Transport block error rate vs. SNR (dB), for PMCH numerology with 100µs CP and 400us Tu in a 5 MHz system bandwidth with 250 kmph user speeds.
Observation 3: HARQ-based time-interleaving can provide a spectral efficiency increase of around 30% in the high-speed mobile environment compared to transmissions without time-interleaving, which confirm the results reported in [3].
As presented in [4], most state-of-the-art terrestrial broadcasting systems include time-interleaving. Hence, not incorporating time-interleaving in the LTE physical layer for mobile environments gives rise to a system spectral efficiency loss against other terrestrial broadcasting standards. From the results in Figure 1, the spectral efficiency loss for not implementing time-interleaving in the high-speed mobile environment is 23.3% compared with a baseline LTE broadcast system implementing time-interleaving.

Observation 4: The spectral efficiency loss for not implementing time-interleaving in the high-speed mobile environment is 23.3% compared with a baseline LTE broadcast system implementing time-interleaving.
2.2 HARQ-based vs. Block-based time interleaving performance comparison
Figure 2 compares the performance of HARQ-based time-interleaving as proposed in [3] and the block-based time-interleaving as proposed in [1] for the same spectral efficiency of 0.99 bits/s/Hz for 5 MHz system bandwidth and user speeds of 250 kmph. The results show that both architectures can provide similar performance gains compared to PMCH transmission without time-interleaving.
Observation 5: HARQ-based and Block-based time-interleaving provide similar performance in the high speed scenario at 250 kmph.
Figure 2 also reports the time-interleaving depths achieved by each configuration. Although HARQ-based time-interleaving can accommodate longer depths, in this scenario, Block-based interleaving with shorter interleaving depths as proposed in [1] provides a small performance improvement. Since Block-based interleaving uniformly spreads the TBs (and codewords) across subframes, in this high-speed scenario the channel code can better exploit the high time diversity of the mobile channel. This compares with HARQ-based time-interleaver in which each TB is only transmitted in a subset of the subframes of the entire time interleaving depth. However, the longer interleaving depths provided by HARQ-based time-interleaving can be beneficial in other mobile environments with lower user speeds.

Observation 6: Block-based time-interleaving as proposed in [1] uniformly spreads the TBs across subframes.
Observation 7: In HARQ-based time interleaving as proposed in [3], each TB is only transmitted in a subset of the subframes of the entire interleaving depth.
Observation 8: For a given interleaving depth, uniform spreading of the TBs across subframes can provide better performance than only mapping the TB in a subset of the subframes.

Observation 9: For a given memory size constraint, mapping the TB in a subset of the subframes can achieve longer interleaving depths that can be beneficial in mobile environments with lower user speeds.
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Figure 2: HARQ-based vs. Block-based time-interleaving performance. Transport block error rate vs. SNR (dB), for PMCH numerology with 100µs CP and 400us Tu in a 5 MHz system bandwidth with 250 kmph user speed.

4. Summary

In this contribution, the following observations has been done:
Observation 1: HARQ-based time-interleaving reuses existing RAN processing and existing receiver memory that can facilitate the implementation of time-interleaving in chipsets.
Observation 2: HARQ-based time-interleaving reusing existing RAN processing and existing receiver memory meets Req. 9 in Clause 9.1 of TR 38.913 [4] for Multimedia Broadcast/Multicast Service for next generation access technologies.
Observation 3: HARQ-based time-interleaving can provide a spectral efficiency increase of around 30% in the high-speed mobile environment compared to transmissions without time-interleaving, which confirm the results reported in [3].
Observation 4: The spectral efficiency loss for not implementing time-interleaving in the high-speed mobile environment is 23.3% compared with a baseline LTE broadcast system implementing time-interleaving.
Observation 5: HARQ-based and Block-based time-interleaving provide similar performance in the high speed scenario at 250 kmph.
Observation 6: Block-based time-interleaving as proposed in [1] uniformly spreads the TBs across subframes.
Observation 7: In HARQ-based time interleaving as proposed in [3], each TB is only transmitted in a subset of the subframes of the entire interleaving depth.
Observation 8: For a given interleaving depth, uniform spreading of the TBs across subframes can provide better performance than only mapping the TB in a subset of the subframes.

Observation 9: For a given memory size constraint, mapping the TB in a subset of the subframes can achieve longer interleaving depths that can be beneficial in mobile environments with lower user speeds.
Based on these observations we make the following recommendation:
Recommendation 1: Specify the HARQ-based time-interleaver for at least the new PMCH numerology supporting mobility.
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