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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN #83 meeting, a new work item, i.e., LTE-based 5G terrestrial broadcast was approved [1]. One of its objectives is to specify new numerology(ies) for PMCH for support of rooftop reception in MPMT and HPHT-1 scenarios as described in TR 36.776 as follows:
· 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).
· This objective comprises specifying associated RS pattern(s), MCS, TBS, UE capabilities for the new numerology(ies).
· RAN1 should strive to define a single numerology to cover both MPMT and HPHT-1 cases.
[….]
NOTE: The new numerologies shall be also specified for the mixed carrier case, except for those numerologies (if any) that are not compatible with the mixed carrier frame structure.
This contribution discusses new numerologies for PMCH for support of rooftop reception following the WID.
Discussion
According to the WID, in addition to the link/system level performance, some factors shall also be considered, such as UE complexity and frame structure alignment with the CAS for defining the new numerologies for PMCH taking into account the note that the new numerologies shall be also specified for the mixed-carrier besides MBMS-dedicated carrier.
The starting point for the new numerology is that it shall have a cyclic prefix length of at least 300us and a core OFDM symbol duration (excluding cyclic prefix) of at least 2.4ms, i.e., at least 2.7ms of an OFDM symbol duration (including CP).
(1)  When targeting to align with the frame structure with the CAS for MBMS-dedicated carrier:
· For MBMS-dedicated carrier, the CAS is transmitted every 40ms and there are 39ms duration for MBSFN subframes per 40ms as illustrated in Figure 1. Therefore, the OFDM symbol duration of the new numerology shall be divisible by 39ms.
· One candidate of the symbol duration is 3ms which is aligned with 3 legacy subframes. In such a case, there are 13 MBSFN subframes with the new numerology per 40ms as shown in Figure 1.
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[bookmark: _Ref4157475]Figure 1: Frame structure of the new numerology for MBMS-dedicated carrier.

(2) When targeting to align with the frame structure for mixed-carrier:
· For FeMBMS/Unicast mixed-carrier, subframes 0 and 5 are always used as non-MBSFN subframe for synchronization, SI acquisition and potential unicast transmission as present in Figure 2. Hence, the OFDM symbol duration with the new numerology shall be no longer than 4ms and no smaller than 2.7ms according to the WID.
· Two candidates for the symbol duration with the new numerology are shown in Figure 2, i.e., 3ms and 3.9ms. 
· If the symbol duration is 3ms, the MBSFN subframes (subframes 1 and 4) can be aligned with 2 unicast subframes (subframes 0 and 2, or subframes 3 and 5) per 5ms as in Figure 2.
· If the symbol duration is 3.9ms, only 1 unicast subframe can be aligned with the MBSFN subframe per 5ms, and a gap between them cannot be avoided.
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[bookmark: _Ref4159022]Figure 2: Frame structures of new numerologies for mixed-carrier. 

(3) When considering UE complexity:
· The FFT size is one factor for UE implementation. The sampling rate are 15.36MHz for 10MHz carrier In LTE, so that the core OFDM symbol duration of at least 2.4ms corresponds to a FFT size of at least 36846. For reference, the maximum FFT size are both 32K for 6 MHz bandwidth carrier in DVB-T2 and ATSC 3.0. Due to the minimum FFT size for the new numerology required is larger than 32K, the UE complexity for LTE supporting the new numerology is higher than the existing ends of DVT-T2 and ATSC 3.0. Therefore, the new numerology to be chosen should be carefully evaluated taking into account the FFT size required.  
According to the above analysis, the possible new numerologies for support of rooftop reception in MPMT and HPHT-1 scenarios are listed in Table 1, including the candidates (3ms and 3.9ms) shown in Figure 1 and Figure 2 and also some other possible candidates with the OFDM symbol duration (of 2.786, 3.25, 3.545ms) between 2.7ms and 4ms that has reasonable CP overhead and possible gap overhead for frame structure alignment for mixed-carrier. 
[bookmark: _Ref4149070]Table 1: New numerologies for support of rooftop reception in MPMT and HPHT-1 scenarios
	Tcp (us)
	Tu (ms)
	T (ms)
	Numerology (kHz)
	FFT size
	Number of MBSFN subframes per 40ms in MBMS-dedicated carrier (with no gap overhead)
	Number of MBSFN subframes per 5ms (with gap overhead in mixed-carrier )
	CP overhead

	386
	2.4
	2.786
	0.417
	36846
	14
	1 (4.3%)
	13.9%

	300
	2.7
	3
	0.370
	41472
	13
	1 (0%)
	10.0%

	400
	2.6
	3
	0.385
	39936
	13
	1 (0%)
	13.3%

	300
	2.95
	3.25
	0.339
	45312
	12
	1 (15.0%)
	9.2%

	400
	2.85
	3.25
	0.351
	43776
	12
	1 (15.0%)
	12.3%

	345
	3.2
	3.545
	0.313
	49152
	11
	1 (9.1%)
	9.7%

	445
	3.1
	3.545
	0.323
	47616
	11
	1 (9.1%)
	12.6%

	300
	3.6
	3.9
	0.278
	55296
	10
	1 (2.0%)
	7.7%

	400
	3.5
	3.9
	0.286
	53760
	10
	1 (2.0%)
	10.3%



Observation: Numerologies listed in Table 1 have the symbol length (including CP) that are aligned with the frame structure with CAS for dedicated-carrier and with unicast subframes for mixed-carrier.
As stated in WID, RAN1 shall strive to define a single numerology to support rooftop reception in both MPMT and HPHT-1 cases. Given the candidates listed in Table 1 are identified from the aspect of frame structure alignment with the CAS for dedicated-carrier and unicast subframe for mixed-carrier, down-selection can be done from aspects of link/system level performance and UE complexity in terms of e.g., FFT size.  
The specification work associated RS pattern, MCS, TBS and UE capabilities will be considered later after the down-selection.
Proposal: The candidates of the new numerologies listed in Table 1 are the starting point for down-selection that can be based on the evaluations from aspects of link/system level performance and UE complexity. 

Conclusions
In this contribution, we discuss the consideration on the possible candidates of new numerologies, which leads to the following observation and proposal:
Observation: Numerologies listed in Table 1 have the symbol length (including CP) that are aligned with the frame structure with CAS for dedicated-carrier and with unicast subframes for mixed-carrier.
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Proposal: The candidates of the new numerologies listed in Table 1 are the starting point for down-selection that can be based on the evaluations from aspects of link/system level performance and UE complexity. 
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