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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.
In RAN1#97 meeting, the following agreements were made [2]:
Agreement:
Selection of the new numerologies for support of rooftop reception in HPHT-1 and MPMT scenarios is based on the candidates listed in the Table X below.
Table X: 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
	36864
	14
	1 (4.3%)
	13.9%

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



This contribution provides the system level and link level simulation results for PMCH to support of rooftop reception following the WID and agreements, and the TBS design is discussed.
Discussion on RS pattern for the new numerology
Design principles for RS pattern
One example for the RS pattern is shown in Figure 1, here Df=3 is used to represent the RS tone separation in the frequency domain and Dt=2 is to represent the RS tone separation in the time domain. 



[bookmark: _Ref15380525]Figure 1: One example for RS pattern of the new numerology
The values of Df  and Dt determine the RS overhead and also the performance of channel estimation. According to Figure 1 and the formula of EI, the larger Df is the smaller RS overhead is and the smaller EI is.
Simulation results
Determining Df and Dt is a trade-off between RS overhead and performance. The performance is evaluated from system level and link level simulations. The simulation assumptions for system level and link level   come from the report of the study item [3].
Table 1 shows the 95%-tile SINR and the spectral efficiencies for dedicated carrier and mixed carrier.
[bookmark: _Ref15389051]Table 1: 95%-tile SINR and spectral efficiencies for rooftop reception
	Network Topology
	Tcp (us)
	Tu (ms)
	FFT size
	Df
	Dt
	95%-tile SINR (dB)
	Spectral efficiency in dedicated carrier (bps/Hz)
	Spectral efficiency in mixed carrier (bps/Hz)

	HPHT-1
	386
	2.4
	36864
	2
	2
	18.5
	2.41
	2.29

	
	
	
	
	2
	4
	18.5
	2.17
	2.06

	
	
	
	
	3
	2
	17.9
	2.66
	2.53

	
	
	
	
	3
	4
	17.9
	2.43
	2.31

	
	
	
	
	4
	2
	17.3
	2.67
	2.54

	
	
	
	
	4
	4
	17.3
	2.54
	2.42

	
	300
	2.7
	41472
	2
	2
	17.5
	2.47
	2.53

	
	
	
	
	2
	4
	17.5
	2.24
	2.29

	
	
	
	
	3
	2
	17.0
	2.48
	2.54

	
	
	
	
	3
	4
	17.0
	2.32
	2.38

	
	
	
	
	4
	2
	16.3
	2.48
	2.54

	
	
	
	
	4
	4
	16.3
	2.39
	2.46

	MPMT
	386
	2.4
	36864
	2
	2
	20.2
	2.67
	2.54

	
	
	
	
	2
	4
	20.2
	2.37
	2.26

	
	
	
	
	3
	2
	19.9
	2.82
	2.68

	
	
	
	
	3
	4
	19.9
	2.81
	2.68

	
	
	
	
	4
	2
	19.5
	2.97
	2.83

	
	
	
	
	4
	4
	19.5
	2.85
	2.72

	
	300
	2.7
	41472
	2
	2
	20.1
	2.75
	2.82

	
	
	
	
	2
	4
	20.1
	2.46
	2.52

	
	
	
	
	3
	2
	19.8
	3.05
	3.12

	
	
	
	
	3
	4
	19.8
	2.90
	2.98

	
	
	
	
	4
	2
	19.3
	3.05
	3.13

	
	
	
	
	4
	4
	19.3
	2.90
	2.97



It can be seen from Table 1:
· For dedicated carrier, selecting the top 3 spectral efficiency values for HPHT-1 and MPMT scenarios, respectively, the values highlighted in cyan (i.e., for HPHT-1: Tcp=386us/Df=3/Dt=2, Tcp=386us/Df=4/Dt=2, and Tcp=386us/Df=4/Dt=4; for MPMT: Tcp=386us/Df=4/Dt=2, Tcp=300us/Df=3/Dt=2 and Tcp=300us/Df=4/Dt=2) are of the common candidates for the HPHT-1 and MPMT topologies with highest spectral efficiency values. 
· For mixed carrier, selecting the top 3 spectral efficiency values for HPHT-1 and MPMT scenarios, respectively, the values highlighted in green (i.e., for HPHT-1: Tcp=386us/Df=4/Dt=2, Tcp=300us/Df=3/Dt=2 and Tcp=300us/Df=4/Dt=2; for MPMT: Tcp=300us/Df=3/Dt=2, Tcp=300us/Df=3/Dt=4 and Tcp=300us/Df=4/Dt=2) are of the common candidates for the HPHT-1 and MPMT topologies with highest spectral efficiency values. 
· For the numerology of Tcp=386us/Tu=2.4ms, the number of top 3 spectral efficiency values are 5. And for numerology of Tcp=300us/Tu=2.7ms, the number of top 3 spectral efficiency values are 7.
Considering the two candidates numerologies, the RS patterns of Df=3/Dt=2 and Df=4/Dt=2 perform higher spectral efficiency for both dedicated and mixed carrier in HPHT-1 and MPMT scenarios.
Observation 1: Considering the two candidate numerologies, the RS patterns of Df=3/Dt=2 and Df=4/Dt=2 achieve higher spectral efficiency for both dedicated carrier and mixed carrier in HPHT-1 and MPMT scenarios.
Comprehensive considerate the spectral efficiencies of dedicated carrier and mixed carrier for HPHT-1 and MPMT scenarios, the numerology of Tcp=300us/Tu=2.7ms has a higher spectral efficiency in most cases, i.e., HPHT-1 topology with mixed carrier, MPMT topology with dedicated carrier and MPMT topology with mixed carrier.
Observation 2: For most cases, the numerology of Tcp=300us/Tu=2.7ms has a higher spectral efficiency.
Thus, we propose:
Proposal 1: Further selection of the RS pattern for new numerology can focus on Df=3/Dt=2 and Df=4/Dt=2.
Proposal 2: The numerology of Tcp=300us/Tu=2.7ms should be used for PMCH to support rooftop reception.

Discussion on TBS design for the new numerology
TBS determines the number of bits of transport block in one subframe. For a given bandwidth and MCS, a definite TBS can be found from the TBS table. However, for the new numerologies to support rooftop reception, the symbol duration is longer than 1ms which corresponding to one subframe, if the TBS tables in 3GPP  TS 36.213 are re-used, the TBS found from the TBS table according to the bandwidth and MCS is quite smaller than the actual number of bits that can be transported.
One possible solution to solve the above problem is as follows:
· Reuse the Modulation and TBS index table to get the TBS index  according to the MCS Index 
· Reuse the Transport block table to get the temporary TBS value according to the TBS index  and PRB number 
· Scale the temporary TBS values by a scaling factor α, then select the closest value from the TBS pool which consists of the TBS values existing in 3GPP TS36.213 as the TBS value.
The scaling factor α can be gotten by 
                                                                      ⑴
where,  is the RE number in one RB for new numerologies (i.e., 386us Tcp and 2.4ms Tu, or 300us Tcp and 2.7ms Tu), is the RE number in one RB for legacy numerologies (i.e., 200us Tcp and 800us Tu). For the two candidates numerologies, the scaling factor α will be no larger than 4, so the maximum TBS values will be covered by the One-layer to four-layer TBS translation table in 3GPP TS36.213.
In this way, the TBS value will be larger with the same bandwidth (or PRB number) and MCS (or TBS index).
Proposal 3: The following solution for TBS mapping of new numerologies can be used:
· Reuse the Modulation and TBS index table to get the TBS index  according to the MCS Index 
· Reuse the Transport block table to get the temporary TBS value according to the TBS index  and PRB number 
· Scale the temporary TBS values by a scaling factor α, then select the closest value from the TBS pool which consists of the TBS values existing in 3GPP TS36.213 as the TBS value.
· The scaling factor α can be derived by  

Conclusions
In this contribution, the system level and link level simulation results for PMCH to support of rooftop reception following the WID and agreements are provided, and the TBS design is discussed, which lead to the following observations and proposals:
Observation 1: Considering the two candidate numerologies, the RS patterns of Df=3/Dt=2 and Df=4/Dt=2 achieve higher spectral efficiency for both dedicated carrier and mixed carrier in HPHT-1 and MPMT scenarios.
Observation 2: For most cases, the numerology of Tcp=300us/Tu=2.7ms has a higher spectral efficiency.
Proposal 1: Further selection of the RS pattern for new numerology can focus on Df=3/Dt=2 and Df=4/Dt=2.
Proposal 2: The numerology of Tcp=300us/Tu=2.7ms should be used for PMCH to support rooftop reception.
Proposal 3: The following solution for TBS mapping of new numerologies can be used:
· Reuse the Modulation and TBS index table to get the TBS index  according to the MCS Index 
· Reuse the Transport block table to get the temporary TBS value according to the TBS index  and PRB number 
· Scale the temporary TBS values by a scaling factor α, then select the closest value from the TBS pool which consists of the TBS values existing in 3GPP TS36.213 as the TBS value.
· The scaling factor α can be derived by  
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