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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#96bis meeting, the following agreements are made [2]:
Agreement:
Consider the following candidates for new numerologies. The choice of candidates (either from the table below or other candidates) should be based on the evaluations from aspects of link/system level performance and UE complexity.
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%


Agreement:
In order to limit the UE complexity, the FFT size should only have factors of 2 and/or 3.   
Agreement:
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).
Agreement:
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

This contribution provides system level and link level simulation results of new numerologies for PMCH to support of rooftop reception following the WID and agreements.
Simulation results
In this section, the system level and link level simulation results of the candidates (from the table in the last meeting agreement) are provided. The delay spread values used for rooftop HPHT-1 and MPMT scenarios are 45μs and 35μs, respectively. The MBSFN RS pattern used in the simulation is aligned with the existing RS pattern for PMCH with numerology of 1.25 kHz, i.e., Df=3, Dt=2. Other system level and link level simulation assumptions refer to the TR [3].
The 95%-tile SINRs and the spectral efficiency values for rooftop reception with candidate numerologies are tabulated in Table 1. The spectral efficiency on the dedicated carrier takes into account the overhead of CAS. The spectral efficiency on the mixed carrier considers the gap overhead per 3ms or 4ms, for example, for CP length with 386us and core symbol length with 2.4ms, the gap overhead is 1-2.786/3=7.1%; for CP length with 400us and core symbol length with 3.5ms, the gap overhead is 1-3.9/4=2.5%.
[bookmark: _Ref7468107]Table 1: 95%-tile SINR and spectral efficiency for rooftop with candidate numerologies
	Network Topology
	Tcp (us)
	Tu (ms)
	T (ms)
	Numerology (kHz)
	FFT size
	95%-tile SINR (dB)
	Spectral efficiency in dedicated carrier (bps/Hz)
	Spectral efficiency in mixed carrier (bps/Hz)

	HPHT-1
	386
	2.4
	2.786
	0.417
	36864
	17.9
	2.66
	2.53

	
	300
	2.7
	3
	0.370
	41472
	17.0
	2.48
	2.54

	
	400
	2.6
	3
	0.385
	39936
	18.2
	2.64
	2.71

	
	300
	2.95
	3.25
	0.339
	45312
	17.2
	2.54
	2.12

	
	400
	2.85
	3.25
	0.351
	43776
	18.2
	2.72
	2.27

	
	345
	3.2
	3.545
	0.313
	49152
	17.7
	2.78
	2.53

	
	445
	3.1
	3.545
	0.323
	47616
	18.5
	2.42
	2.20

	
	300
	3.6
	3.9
	0.278
	55296
	17.5
	2.55
	2.55

	
	400
	3.5
	3.9
	0.286
	53760
	18.8
	2.75
	2.75

	MPMT
	386
	2.4
	2.786
	0.417
	36864
	19.9
	2.82
	2.68

	
	300
	2.7
	3
	0.370
	41472
	19.8
	3.05
	3.12

	
	400
	2.6
	3
	0.385
	39936
	20.1
	2.95
	3.03

	
	300
	2.95
	3.25
	0.339
	45312
	19.9
	3.15
	2.62

	
	400
	2.85
	3.25
	0.351
	43776
	20.2
	3.02
	2.52

	
	345
	3.2
	3.545
	0.313
	49152
	20.2
	3.10
	2.81

	
	445
	3.1
	3.545
	0.323
	47616
	20.3
	3.03
	2.75

	
	300
	3.6
	3.9
	0.278
	55296
	20.2
	3.21
	3.21

	
	400
	3.5
	3.9
	0.286
	53760
	20.3
	3.11
	3.11



It can be seen from Table 1:
· For dedicated carrier, selecting the top 6 spectral efficiency values for HPHT-1 and MPMT scenarios, respectively, the values highlighted in cyan (i.e., Tcp=345us/Tu=3.2ms, Tcp=300us/Tu=3.6ms, and Tcp=400us/Tu=3.5ms) are of the common candidates for the two scenarios with highest spectral efficiency values. 
· These three candidates have longer CP length that would improve the 95%-tile SINR point and smaller CP overhead that would provide more available RE for PMCH transmission. 
· However, it is noted that the spectral efficiency difference for all the candidates is small. 
· For mixed carrier, selecting the top 6 spectral efficiency values for HPHT-1 and MPMT scenarios, respectively, the values highlighted in green (i.e., Tcp=300us/Tu=2.7ms, Tcp=400us/Tu=2.6ms, Tcp=345us/Tu=3.2ms, Tcp=300us/Tu=3.6ms, and Tcp=400us/Tu=3.5ms) are of the common candidates for the two scenarios with highest spectral efficiency values. 
· The reason for the three candidates with longer core symbol duration (i.e., Tcp=345us/Tu=3.2ms, Tcp=300us/Tu=3.6ms, and Tcp=400us/Tu=3.5ms) performing higher spectral efficiency is similar to that for the dedicated carrier; 
· For the two candidates with shorter core symbol duration (i.e., Tcp=300us/Tu=2.7ms and Tcp=400us/Tu=2.6ms), the reason is that the OFDM symbol duration is 3ms and no additional gap overhead will be introduced. 
· However, it is noted that the spectral efficiency difference for all the candidates is small.

Observation 1: Considering both dedicated carrier and mixed carrier, the candidate combinations, i.e., Tcp=345us/Tu=3.2ms, Tcp=300us/Tu=3.6ms, and Tcp=400us/Tu=3.5ms perform higher spectral efficiency for both HPHT-1 and MPMT. 
Observation 2: For mixed carrier cases, in addition to the candidate combinations listed in observation 1, Tcp=300us/Tu=2.7ms and Tcp=400us/Tu=2.6ms also perform higher spectral efficiency for both HPHT-1 and MPMT. 

From the UE complexity perspective in terms of FFT size, the candidate combinations of Tcp=386us/Tu=2.4ms and Tcp=400us/Tu=2.6ms have the FFT sizes that are smaller than 40K for both HPHT-1 and MPMT scenarios. In addition, one of the last meeting agreement is that in order to limit the UE complexity, the FFT size should only have factors of 2 and/or 3. If only considering the FFT size that “only have factors of 2 and/or 3”, the combinations with FFT size 36864, 41472, 49152, and 55296 can be the candidates. 
Based on the above observations and the consideration from UE complexity perspective, the candidates of new numerologies can be further down-selected to be as listed in Table 2 for support of rooftop reception in HPHT-1 and MPMT scenarios.
[bookmark: _Ref7510211]Table 2: 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%

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

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



Proposal 1: Selection of the new numerologies for support of rooftop reception in HPHT-1 and MPMT scenarios is based on the candidates listed in Table 2.
Proposal 2: Further selection of the candidates from Table 2 can focus on the first two candidates given the FFT size is smaller and the spectral efficiency difference is small compared to the other two candidates. 
· Comparing the first two candidates, the combination of Tcp=300us/Tu=2.7ms is slightly preferred due to the higher spectral efficiency across the evaluated scenarios. 

Conclusions
In this contribution, we provide system level and link level simulation results of new numerologies for PMCH to support of rooftop reception following the WID and agreements, which leads to the following observations and proposals:
Observation 1: Considering both dedicated carrier and mixed carrier, the candidate combinations, i.e., Tcp=345us/Tu=3.2ms, Tcp=300us/Tu=3.6ms, and Tcp=400us/Tu=3.5ms perform higher spectral efficiency for both HPHT-1 and MPMT. 
Observation 2: For mixed carrier cases, in addition to the candidate combinations listed in observation 1, Tcp=300us/Tu=2.7ms and Tcp=400us/Tu=2.6ms also perform higher spectral efficiency for both HPHT-1 and MPMT. 

Proposal 1: Selection of the new numerologies for support of rooftop reception in HPHT-1 and MPMT scenarios is based on the candidates listed in Table 2.
Table 2: 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%

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

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



[bookmark: _GoBack]Proposal 2: Further selection of the candidates from Table 2 can focus on the first two candidates given the FFT size is smaller and the spectral efficiency difference is small compared to the other two candidates. 
· Comparing the first two candidates, the combination of Tcp=300us/Tu=2.7ms is slightly preferred due to the higher spectral efficiency across the evaluated scenarios. 
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