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1
Introduction

The approved New WID on LTE-based 5G terrestrial broadcast [1] contains the following objective:

· Specify new numerology(ies) for PMCH for support of rooftop reception in MPMT and HPHT-1 scenarios as described in TR 36.776 [RAN1, RAN4]

· The new numerology(ies) shall have a cyclic prefix length of at least 300us and a core OFDM symbol duration (excluding cyclic prefix) of at least 2.4ms.

· The definition of the new numerology, apart from link/system level performance, shall consider factors such as UE complexity and frame structure alignment with the cell acquisition subframes (CAS).

In this contribution, in Section 2, we go over the considerations related to the choice of new numerologies regarding the FFT size, which affects UE complexity. In Section 3 we discuss the considerations regarding the frame structure alignment with CAS. In Section 4, we summarize our observations and make concrete proposals for the way forward. 
2
Considerations for the FFT size
FFT size affects the UE complexity. 

At the sampling rate of 1024 * 15kHz = 15.36 MHz for a 10MHz carrier, each 1ms of symbol duration adds about 16K to the FFT size. Table 1 shows the FFT size corresponding to some of the candidate numerologies for Rel.16. 

	Tcp (us)
	Tu (us)
	Numerology (kHz)
	FFT size

	100
	400
	2.5
	6144

	200
	800
	1.250
	12288

	300
	2700
	0.370
	41472

	386
	2400
	0.417
	36864


Table 1 – Candidate numerologies and FFT sizes for 10MHz carrier
In DVB-T2, the largest FFT size is 32K, which corresponds to the useful symbol duration Tu ~ 2ms. The objective of the WID already requires “core OFDM symbol duration (excluding cyclic prefix) of at least 2.4ms”, which corresponds to the FFT size of 36864 for a 10MHz carrier. 
Observation 1: In order to limit the UE complexity, it would be necessary to consider having an upper limit on the FFT size. 
Observation 2: Maximum FFT size in DVB-T2 is 32K. The symbol duration of 2.4ms corresponds to the FFT size of 36864 for a 10MHz channel, i.e. already larger than DVB-T2. The symbol duration of 2.7ms corresponds to the FFT size of 41472 for a 10MHz channel.

Proposal 1: In order to limit the UE complexity, the maximum symbol duration should not be longer than 2.7ms.  

Having in mind large FFT sizes, it is important keep the FFT implementation optimal. FFT implementation is the most optimal when the only factors of the FFT size are 2 and 3.
Proposal 2: In order to limit the UE complexity, the FFT size should only have factors of 2 and/or 3.   

3
Alignment with the cell acquisition subframes (CAS)
On a dedicated MBMS carrier, the MBSFN region spans the duration between consecutive non-MBSFN regions. To maximize the efficiency, there should be a whole number of symbols in the MBSFN region. On the other hand, there is no need to align with the 10ms frame boundaries or 1ms subframe boundaries. There should also be no need to time-multiplex different symbol durations/numerologies within the same non-MBSFN region.
Observation 3: There should be a whole number of symbols in the MBSFN region.

Observation 4: There is no need to align with the 10ms frame boundaries or 1ms subframe boundaries.
Observation 5: There is no need to time-multiplex different symbol durations within the same non-MBSFN region.

The possible sizes of the MBSFN region are between 30ms and 39ms, in one millisecond increments. In order to comply with Observation 1, for each size of the MBSFN region, there would need to be a separate set of one or more numerologies. This would greatly complicate the specifications. Options to avoid this complication include:

-
Reducing the maximum size of the non-MBSFN region from 9 to N subframes (0 < N << 9, e.g. N  = 1 or 2)
-
Numerology with Tcp = 300us and Tu = 2.7ms would have a whole number of symbols in the MBSFN regions of size 39ms, 36ms, 33ms and 30ms. It would be possible to specify this new numerology and restrict the size of the MBSFN region to only the values in {39ms, 36ms, 33ms, 30ms}. 

-
One value of Tu could be used for multiple MBSFN region sizes. Compliance with Observation 1 could be ensured by adjusting Tcp (i.e. by adding samples to the CP). 
Proposal 3: For the design of the new numerology for support of rooftop reception, prioritize the case of no additional non-MBSFN subframes after CAS (i.e., one non-MBSFN subframe every 40ms).
Proposal 4: The new numerology is designed based on the following principles:


- There is a whole number of symbols in the MBSFN region (39ms MBSFN region is prioritized)


- The new numerology does not need to be aligned with 10ms/1ms radio frame/subframe boundaries

4
Conclusion

In this contribution we presented our initial views on longer numerologies for rooftop reception. The following observations and proposals are made:
Observation 1: In order to limit the UE complexity, it would be necessary to consider having an upper limit on the FFT size. 
Observation 2: Maximum FFT size in DVB-T2 is 32K. The symbol duration of 2.4ms corresponds to the FFT size of 36864 for a 10MHz channel, i.e. already larger than DVB-T2. The symbol duration of 2.7ms corresponds to the FFT size of 41472 for a 10MHz channel.

Observation 3: There should be a whole number of symbols in the MBSFN region.

Observation 4: There is no need to align with the 10ms frame boundaries or 1ms subframe boundaries.
Observation 5: There is no need to time-multiplex different symbol durations within the same non-MBSFN region.

Proposal 1: In order to limit the UE complexity, the maximum symbol duration should not be longer than 2.7ms.  

Proposal 2: In order to limit the UE complexity, the FFT size should only have factors of 2 and/or 3.   
Proposal 3: For the design of the new numerology for support of rooftop reception, prioritize the case of no additional non-MBSFN subframes after CAS (i.e., one non-MBSFN subframe every 40ms).

Proposal 4: The new numerology is designed based on the following principles:


- There is a whole number of symbols in the MBSFN region (39ms MBSFN region is prioritized)


- The new numerology does not need to be aligned with 10ms/1ms radio frame/subframe boundaries
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