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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, a study item about 5G requirements for eMBMS was approved [1]. In RAN1#94bis, the requirements were analyzed and related simulation assumptions were discussed [2]. In RAN1#95, several preliminary simulation results were discussed, and the simulation assumptions were modified further [3].
In this contribution, simulation results for legacy LTE-based broadcast based on agreed assumptions are provided. In addition, the effect of longer CP, which is one of the potential enhancements, is evaluated as well.

Simulation configuration
The system level simulation is implemented based on agreed assumptions [3]. For rooftop antenna alignment, the receiver antenna is pointed to closest transmitter. UEs are distributed uniformly in all cells. The length of EI is 57/64 Nyquist limit. And all the simulated numerologies are listed in Table 1.

Table 1: Simulated numerologies
	Numerology
	SCS (kHz)
	Dx
	Tcp
(µs)
	Tu
(µs)
	Nyquist 
limit (µs)
	EI (µs)

	#1
	15
	1
	16.7
	66.7
	66.7
	59.4

	#2
	7.5
	2
	33.3
	133.3
	66.7
	59.4

	#3
	2.5
	3
	100
	400
	133.3
	118.8

	#4
	1.25
	3
	200
	800
	266.7
	237.5

	#5
	0.625
	3
	400
	1600
	533.3
	475



Simulation results
3.1 MPMT
For MPMT scenario, the SINR values required to assure 95% coverage probability for MBSFN and SC-PTM are shown in Table 2.

Table 2: SINR to assure 95% coverage for MPMT scenario
	Scenarios
CP
	Rooftop
	Car-mounted
	In-car
	Indoor

	MBSFN 16.7µs
	6.36
	-1.05
	-14.94
	-16.16

	MBSFN 33.3µs
	6.92
	1.26
	-14.23
	-15.38

	MBSFN 100µs
	7.83
	5.85
	-12.15
	-13.26

	MBSFN 200µs
	14.59
	9.86
	-10.91
	-12.15

	MBSFN 400µs
	19.88
	11.75
	-10.62
	-11.75



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For each kind of receivers, the available SINR for 95% coverage probability increases with the increase of CP. For rooftop receivers, longer CP is able to enhance SINR observably. In particular, a longer CP of 400µs brings about 5 dB SINR gain, compared with 200µs CP which is the longest one among legacy CP. For car-mounted receivers, longer CP is able to enhance SINR, but not as much as rooftop receivers. A longer CP of 400µs brings about 2 dB SINR gain, compared with 200µs CP. For in-car and indoor receivers, even using 400µs CP can only boost SINR to -10.62 dB, which could be unacceptable for the service.
Observation 1: For MPMT@Rooftop scenario, longer CP is able to enhance SINR observably. A longer CP of 400µs brings about 5 dB SINR gain, compared with 200µs CP. 
Observation 2: For MPMT@Car-mounted scenario, longer CP is able to enhance SINR. A longer CP of 400µs brings about 2 dB SINR gain, compared with 200µs CP.
Observation 3: For MPMT scenario, SINR of In-car and Indoor receivers is below -10.62 dB, which could be unacceptable for the service.

3.2 HPHT-1
For HPHT-1 scenario, the SINR values required to assure 95% coverage probability for MBSFN and SC-PTM are shown in Table 3.

Table 3: SINR to assure 95% coverage for HPHT-1 scenario
	Scenarios
CP
	Rooftop
	Car-mounted
	In-car
	Indoor

	MBSFN 16.7µs
	5.71
	-5.23
	-16.70
	-16.96

	MBSFN 33.3µs
	7.03
	-4.53
	-16.24
	-16.65

	MBSFN 100µs
	9.66
	2.11
	-12.55
	-13.41

	MBSFN 200µs
	10.66
	7.72
	-10.55
	-11.55

	MBSFN 400µs
	18.44
	11.90
	-9.43
	-10.65



For each kind of receivers, the available SINR for 95% coverage probability increases with the increase of CP. For rooftop receivers, longer CP is able to enhance SINR observably. In particular, a longer CP of 400µs brings about 8 dB SINR gain, compared with 200µs CP which is the longest one among legacy CP. For car-mounted receivers, longer CP is able to enhance SINR, but not as much as rooftop receivers. A longer CP of 400µs brings about 4 dB SINR gain, compared with 200µs CP. For in-car and indoor receivers, even using 400µs CP can only boost SINR to -9.43 dB, which could be unacceptable for the service.
Observation 4: For HPHT-1@Rooftop scenario, longer CP is able to enhance SINR observably. A longer CP of 400µs brings about 8 dB SINR gain, compared with 200µs CP.
Observation 5: For HPHT-1@Car-mounted scenario, longer CP is able to enhance SINR. A longer CP of 400µs brings about 4 dB SINR gain, compared with 200µs CP.
Observation 6: For HPHT-1 scenario, SINR of In-car and Indoor receivers is below -9.43 dB, which could be unacceptable for the service.

3.3 HPHT-2
For HPHT-2 scenario, the SINR values required to assure 95% coverage probability for MBSFN and SC-PTM are shown in Table 4.

Table 4: SINR to assure 95% coverage for HPHT-2 scenario
	Scenarios
CP
	Rooftop
	Car-mounted
	In-car
	Indoor

	MBSFN 16.7µs
	2.73
	-9.88
	-28.18
	-28.78

	MBSFN 33.3µs
	3.62
	-9.60
	-28.01
	-28.45

	MBSFN 100µs
	6.45
	-4.35
	-24.08
	-24.48

	MBSFN 200µs
	8.52
	1.41
	-21.03
	-21.51

	MBSFN 400µs
	9.57
	3.58
	-19.51
	-20.31



For each kind of receivers, the available SINR for 95% coverage probability increases with the increase of CP. For rooftop receivers, longer CP is able to enhance SINR. A longer CP of 400µs brings about 1 dB SINR gain, compared with 200µs CP. For car-mounted receivers, longer CP is also able to enhance SINR. A longer CP of 400µs brings about 2 dB SINR gain, compared with 200µs CP. Because of the increase of ISD, using longer CP of 400µs does not bring remarkable SINR gain, compared with HPHT-1 scenario. For in-car and indoor receivers, even using 400µs CP can only boost SINR to -19.51 dB, which could be unacceptable for the service.
Observation 7: For HPHT-2@Rooftop scenario, longer CP is able to enhance SINR, but not much. A longer CP of 400µs only brings about 1 dB SINR gain, compared with 200µs CP.
Observation 8: For HPHT-2@Car-mounted scenario, longer CP is able to enhance SINR. A longer CP of 400µs brings about 2 dB SINR gain, compared with 200µs CP.
Observation 9: For HPHT-2 scenario, SINR of In-car and Indoor receivers is below -19.51 dB, which is unacceptable for the service.

3.4 LPLT
For LPLT scenario, the SINR values required to assure 95% coverage probability for MBSFN and SC-PTM are shown in Table 5.

Table 5: SINR to assure 95% coverage for LPLT scenario
	Scenarios
[bookmark: _GoBack]CP
	Rooftop
	Car-mounted
	In-car
	Indoor

	MBSFN 16.7µs
	5.99
	0.79
	-9.73
	-10.46

	MBSFN 33.3µs
	8.96
	2.08
	-8.66
	-9.45

	MBSFN 100µs
	13.26
	3.06
	-7.71
	-8.46

	MBSFN 200µs
	15.07
	3.26
	-7.51
	-8.31

	MBSFN 400µs
	15.15
	3.26
	-7.48
	-8.29



For each kind of receivers, the available SINR for 95% coverage probability increases with the increase of CP. For rooftop receivers, longer CP is able to enhance SINR observably. But a longer CP of 400µs only brings about 0.08 dB SINR gain, compared with 200µs CP which is the longest one among legacy CP. For car-mounted receivers, longer CP is able to enhance SINR, but not as much as rooftop receivers. In particular, a longer CP of 400µs almost does not bring any SINR gain, compared with 200µs and 100µs CP. Considering the Doppler noise in mobile reception, 100µs CP could be most appropriate for car-mounted receivers. For in-car and indoor receivers, the available SINR is below -7.48 dB. Although this SINR is better than that of MPMT, HPHT-1 and HPHT-2, it seems still not enough for the service.
Observation 10: For LPLT@Rooftop scenario, longer CP is able to enhance SINR. But a longer CP of 400µs only brings limited SINR gain, compared with 200µs CP.
Observation 11: For LPLT@Car-mounted scenario, longer CP is able to enhance SINR, but not much. A longer CP of 400µs can not bring further SINR gain, compared with 200µs and 100µs CP.
Observation 12: For LPLT scenario, SINR of In-car and Indoor receivers is below -7.48 dB. Although this SINR is better than that of MPMT, HPHT-1 and HPHT-2, it seems still not enough for the service.

[bookmark: _Ref129681832]Conclusions
Based on the simulation results, the following observations are provided:
Observation 1: For MPMT@Rooftop scenario, longer CP is able to enhance SINR observably. A longer CP of 400µs brings about 5 dB SINR gain, compared with 200µs CP. 
Observation 2: For MPMT@Car-mounted scenario, longer CP is able to enhance SINR. A longer CP of 400µs brings about 2 dB SINR gain, compared with 200µs CP.
Observation 3: For MPMT scenario, SINR of In-car and Indoor receivers is below -10.62 dB, which could be unacceptable for the service.
Observation 4: For HPHT-1@Rooftop scenario, longer CP is able to enhance SINR observably. A longer CP of 400µs brings about 8 dB SINR gain, compared with 200µs CP.
Observation 5: For HPHT-1@Car-mounted scenario, longer CP is able to enhance SINR. A longer CP of 400µs brings about 4 dB SINR gain, compared with 200µs CP.
Observation 6: For HPHT-1 scenario, SINR of In-car and Indoor receivers is below -9.43 dB, which could be unacceptable for the service.
Observation 7: For HPHT-2@Rooftop scenario, longer CP is able to enhance SINR, but not much. A longer CP of 400µs only brings about 1 dB SINR gain, compared with 200µs CP.
Observation 8: For HPHT-2@Car-mounted scenario, longer CP is able to enhance SINR. A longer CP of 400µs brings about 2 dB SINR gain, compared with 200µs CP.
Observation 9: For HPHT-2 scenario, SINR of In-car and Indoor receivers is below -19.51 dB, which is unacceptable for the service.
Observation 10: For LPLT@Rooftop scenario, longer CP is able to enhance SINR. But a longer CP of 400µs only brings limited SINR gain, compared with 200µs CP.
Observation 11: For LPLT@Car-mounted scenario, longer CP is able to enhance SINR, but not much. A longer CP of 400µs can not bring further SINR gain, compared with 200µs and 100µs CP.
Observation 12: For LPLT scenario, SINR of In-car and Indoor receivers is below -7.48 dB. Although this SINR is better than that of MPMT, HPHT-1 and HPHT-2, it seems still not enough for the service.
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