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1.	Introduction
In RAN1#98 the following agreements were made:
Agreement:
The numerology of Tcp=300us/Tu=2.7ms should be used for PMCH to support rooftop reception.
Agreement:
An RS pattern with Df=3 is supported
· FFS: Dt and other values for Df
Agreement:
Companies are encouraged to evaluate the performance of rooftop reception with tone interleaving
Agreement:
The RS pattern of Df=2 and Dt=2 should be specified for the new numerology to support mobility of up to 250km/h.
In this contribution we first study the performance of frequency (tone) interleaving for the new numerology for PMCH to support rooftop reception. Our link level evaluations confirm the performance benefits of frequency interleaving. 
The use of frequency interleaving requires memory at the receiver to store the Resource Elements (REs) of an OFDM symbol before de-interleaving can be done. Using the same memory requirements for the new numerology for rooftop reception, in the second part of this contribution we study the implementation of time-interleaving for the new numerology to support mobility up to 250 kmph with system bandwidths lower than 10 MHz supported in the specifications. Our link level evaluations show significant performance improvements with time-interleaving. 
2.	PMCH Frequency-Interleaving for rooftop reception
The PMCH transmit processing chain including frequency-interleaving is presented in Figure 1. The interleaving of the REs is done after the modulated complex symbols and before the insertion of the Reference Signals (RS). 
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Figure 1: PMCH transmit processing chain with the RE interleaving to provide frequency (time) interleaving to increase frequency (time) diversity.
The frequency-interleaving for the new numerology to support rooftop reception for PMCH in [1] was based on a row-column interleaver, where the REs from a single OFDM symbol are written column-wise into the interleaving memory and read out by row-wise. This interleaving structure is also used in the DVB-T2 specification to provide interleaving across time [2].
2.1 Link level simulation
[bookmark: _Hlk21124430]Figures 2 and 3 show the LLS results for TBS sizes of 45352 bits and 76208 bits (with 8 and 13 codewords, respectively) with an RS pattern of Df =3 and Dt =4. For each TBS configuration, the row-column interleaver has 9 and 15 columns, respectively.
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Figure 2: Transport block error rate vs. SNR (dB) for PMCH numerology with 300µs CP and 2700µs Tu in TDL-B channel with 35µs of delay spread in a 10 MHz system bandwidth with and without frequency interleaving.
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Figure 3: Transport block error rate vs. SNR (dB) for PMCH numerology with 300µs CP and 2700µs Tu in TDL-E channel with 35µs of delay spread in a 10 MHz system bandwidth with and without frequency interleaving.
The results confirm the performance improvements due to the implementation of a frequency-interleaver for the new numerology to support rooftop reception.
Observation 1: Frequency (tone) interleaver improves the performance of the new numerology for PMCH to support rooftop reception.
2.2 Receiver memory requirements
[bookmark: _GoBack]The memory (in number of REs) required to store the received REs to implement frequency de-interleaver for the new numerology to support rooftop reception with Df =3 and Dt =4 is (at least) 22275 REs and 44550 REs for system bandwidths of 10 MHz and 20 MHz, respectively.
3.	PMCH Time-Interleaving for mobile reception 
The transmitter processing chain in Figure 1 can be reused to implement time-interleaving to improve the reception in mobile environments. Here, the “RE interleaver” instead of storing REs from a single OFDM symbol, it stores the REs from multiple subframes that are then interleaved and transmitted. A row-column interleaver can be easily configured, where the number of columns equals the number of subframes to interleave across time. To maintain similar memory requirements than those for the new numerology to support rooftop reception, lower bandwidths than 10 MHz are studied along with the new numerology to support mobility up to 250 kmph, i.e. 100µs CP and 400us Tu with RS pattern of Df =2 and Dt =2.
3.1 Link level simulations
LLS results in Figures 4-7 evaluate the performance of time-interleaver for system bandwidths of 1.4 MHz and 5 MHz with user speeds of 120 kmph and 250 kmph in the TDL-A channel model with 20µs delay spread to represent LPLT networks. The results show the performance without time-interleaver (cf. “TIL=1”) and time-interleaving with 3, 13 and 39 subframes interleaved that would fit the 39 PMCH subframes between two CAS subframes.
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Figure 4: Transport block error rate vs. SNR (dB) for PMCH numerology with 100µs CP and 400us Tu in a 1.4 MHz system bandwidth with 120 kmph user speed.
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Figure 5: Transport block error rate vs. SNR (dB) for PMCH numerology with 100µs CP and 400us Tu in a 1.4 MHz system bandwidth with 250 kmph user speed.
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Figure 6: Transport block error rate vs. SNR (dB) for PMCH numerology with 100µs CP and 400us Tu in a 5 MHz system bandwidth with 120 kmph user speed.
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Figure 7: 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.
The results show significant gains when time-interleaving is implemented. The increased diversity with time-interleaver can be seen in the change of the slope of the curves. For example, with 1.4 MHz system bandwidth, time-interleaver provides more than 2 dB of SNR gain at 250 kmph with 39 interleaved subframes.
Observation 2: Time-interleaver provides significant performance improvements for mobile reception.
3.2 Receiver memory requirements
Tables 1 and 2 shows memory requirements for the considered time-interleaving configurations and system bandwidths, 10 MHz and 20 MHz, respectively. The memory is expressed in terms of the percentage of the memory requirements for the new numerology to support rooftop reception implementing frequency-interleaver. In grey we mark the combinations that provide similar (or lower) memory requirements that those of the numerology to support rooftop reception.
As it can be seen the system bandwidth of 1.4 MHz could implement time-interleaving up to 39 subframes with memory requirements close to those of the rooftop numerology with 10 MHz bandwidth.




Table 1: Percentage of the memory required for the PMCH 300/2700 numerology with 10 MHz system bandwidth.
	# Interleaved subframes
	1.4 MHz
	3 MHz
	5 MHz

	3
	8.7
	21.8
	36.4

	13
	37.8
	94.5
	157.6

	39
	113.5
	283.6
	472.7



Table 2:Percentage of the memory required for the PMCH 300/2700 numerology with 20 MHz system bandwidth.
	# Interleaved subframes
	1.4 MHz
	3 MHz
	5 MHz

	3
	4.4
	10.9
	18.2

	13
	18.9
	47.3
	78.8

	39
	56.7
	141.8
	236.4



Observation 3: New PMCH numerology to support mobility up to 250 kmph with 1.4 MHz system bandwidth can implement time-interleaver with up to 39 subframes with memory requirements close to those of the new numerology to support rooftop reception with frequency-interleaver and 10 MHz system bandwidth.
4. Summary
In this contribution, the following observations has been done:
Observation 1: Frequency (tone) interleaver improves the performance of the new numerology for PMCH to support rooftop reception.
Observation 2: Time-interleaver provides significant performance improvements for mobile reception.
Observation 3: New PMCH numerology to support mobility up to 250 kmph with 1.4 MHz system bandwidth can implement time-interleaver with up to 39 subframes with memory requirements close to those of the new numerology to support rooftop reception with frequency-interleaver and 10 MHz system bandwidth.
Based on these observations we make the following recommendations.
Recommendation 1: Specify time-interleaver for PMCH numerologies supporting mobility with 15 kHz, 7.5 kHz, 2.5 kHz and 1.25 kHz subcarrier spacing. The details are FFS.
Recommendation 2: To simplify transmitter/receiver architecture and minimise specification impact, use the same interleaver structure for both frequency and time interleavers.
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