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1.	New PMCH numerology for support of rooftop reception
The 3GPP Release 16 has introduced MBSFN subframes with a sub-carrier spacing f = 0.37 kHz, with a cyclic prefix (CP) duration of 300µs and a symbol duration of 3ms to support terrestrial broadcasting services to fixed rooftop receivers over large geographical areas with High-Power High-Tower (HPHT) transmitter networks [1]. 
Two Reference Signals (RS) patterns have been standardised for this new numerology with Dt ={2,4} providing different RS density. Table 6.1 from [1] and reproduced below shows the supported numerologies for MBMS transmissions over PMCH with the resulting theoretical equalisation interval given by the RS supported in each numerology.
Table 6.1: Summary of supported numerologies for MBMS transmission over PMCH [1]
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Subcarrier 
spacing
	Symbol duration 
(excluding CP)
	Cyclic prefix 
length 
	Time separation between pilots in the same subcarrier, in number of OFDM symbols
	Frequency separation between pilots, in number of subcarriers (after de-stagger)
	
Theoretical equalization 
interval

	15 kHz
	66.6 µs
	16.6 µs 
	8 (NOTE)
	1
	66.6 µs

	7.5 kHz
	133.3 µs
	33.3 µs
	4 (NOTE)
	2
	66.6 µs

	2.5 kHz
	400 µs
	100 µs
	2
	2
	200 µs

	1.25 kHz
	800 µs
	200 µs
	2
	3
	266.67 µs

	0.370 kHz
	2700 µs
	300 µs
	2 or 4
	3
	900 µs

	NOTE: For 15 and 7.5kHz, this denotes the separation within one subframe of one of the staggers. See 3GPP TS 36.211 [8] Figures 6.10.2.2-1 and 6.10.2.2-3.


The theoretical equalisation interval values in column 6 of table 6.1 from [1] are calculated assuming the frequency separation between pilots Df after de-staggering (values in column 5 of Table 6.1), e.g. the UE channel estimation algorithm performs 1-dimensional time-interpolation followed by 1-dimensional frequency-interpolation. The new PMCH numerology for support of rooftop reception with f = 0.37 kHz and the two standardised RS patterns, Dt ={2, 4} and Df = 3, has a theoretical equalisation interval of 900µs.
Observation 1: The new PMCH numerology for support of rooftop reception with f = 0.37 kHz and the two standardised RS patterns, Dt = {2, 4} and Df = 3, has a theoretical equalisation interval of 900µs.
However, a UE implementing a frequency-only channel interpolation independently in each OFDM symbol would reduce the theoretical equalisation intervals reported in Table 6.1 of [1], as de-staggering would not be performed. In particular, the theoretical equalisation intervals for the PMCH numerology with f = 0.37 kHz and RS patterns with Dt = 2 and Dt = 4 would be 450µs and 225µs, respectively.
Observation 2: A UE implementing frequency-only channel interpolation in each OFDM symbol would reduce the theoretical equalisation intervals for the PMCH numerology with f = 0.37 kHz and RS patterns with Dt = 2 and Dt = 4 to 450µs and 225µs, respectively.
It is worth noting that for this new numerology with f = 0.37 kHz and RS pattern with Dt = 4, a UE implementing a frequency-only channel interpolator achieves a theoretical equalisation interval of 225 µs. The 300µs CP would therefore not be supported. 
Observation 3: A UE implementing frequency-only channel interpolation for the PMCH numerology with f = 0.37 kHz and RS pattern with Dt = 2 only achieves a theoretical equalisation interval of 450µs, instead of 900µs.
Observation 4: A UE implementing frequency-only channel interpolation for the PMCH numerology with f = 0.37 kHz and RS pattern with Dt = 4 only achieves a theoretical equalisation interval of 225µs.  The 300µs CP would therefore not be supported.
2.	MBSFN-RS UE assumptions for PMCH with f = 0.37 kHz
In a MBMS-dedicated cell with a single MBSFN area it is reasonable to assume that all PMCH subframes use the same numerology and MBSFN-RS pattern. However, as presented in [2], current technical specifications do not specify for PMCH with f = 0.37 kHz that while decoding the PMCH subframes carrying MCCH the UE can assume that the previous (Dt – 1) OFDM symbols use the same numerology (excluding the Cell Acquisition Subframe - CAS) and MBSFN-RS pattern. Hence, MBSFN-RS from previous OFDM symbols cannot be used to perform channel estimation and achieve the full theoretical equalisation interval of 900µs. Without this assumption the UE would only be able to implement a frequency-only channel interpolator with a significantly reduced theoretical equalisation interval as discussed in Observation 2.
Hence, to achieve the maximum theoretical equalisation interval of 900µs for the PMCH numerology with f = 0.37 kHz, we make the following recommendation.
Recommendation: Specify, at least for MBMS-dedicated cells with single MBSFN area, that UEs can assume for the PMCH numerology with f = 0.37 kHz that while decoding a PMCH subframe the preceding (Dt – 1) OFDM symbols (excluding the Cell Acquisition Subframe) use the same numerology with the same MBSFN-RS pattern.
3.	Summary
In this contribution, the following observations have been done:
Observation 1: The new PMCH numerology for support of rooftop reception with f = 0.37 kHz and the two standardised RS patterns, Dt = {2, 4} and Df = 3, has a theoretical equalisation interval of 900µs.
Observation 2: A UE implementing frequency-only channel interpolation in each OFDM symbol would reduce the theoretical equalisation intervals for the PMCH numerology with f = 0.37 kHz and RS patterns with Dt = 2 and Dt = 4 to 450µs and 225µs, respectively.
Observation 3: A UE implementing frequency-only channel interpolation for the PMCH numerology with f = 0.37 kHz and RS pattern with Dt = 2 only achieves a theoretical equalisation interval of 450µs, instead of 900µs.
Observation 4: A UE implementing frequency-only channel interpolation for the PMCH numerology with f = 0.37 kHz and RS pattern with Dt = 4 only achieves a theoretical equalisation interval of 225µs.  The 300µs CP would therefore not be supported.
Based on these observations we make the following recommendation:
Recommendation: Specify, at least for MBMS-dedicated cells with single MBSFN area, that UEs can assume for the PMCH numerology with f = 0.37 kHz that while decoding a PMCH subframe the preceding (Dt – 1) OFDM symbols (excluding the Cell Acquisition Subframe) use the same numerology with the same MBSFN-RS pattern.
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