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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 as follows:
· Specify, if found necessary, enhancements to the physical channels and signals in the CAS [RAN1, RAN4]
· This objective includes determining a realistic modelling for the time variation of the desired and interfering signals (e.g. a model between the 50%/50% and 50%/1%), and identifying based on the modelling what channels and signals (if any) need to be enhanced.
· For the specified enhancements (if any), specify related RRM core requirements (if needed) [RAN4]

In RAN1#96bis meeting, for the CAS evaluation, the following agreements are made [2]:
Agreement:
Any potential solutions relating to the CAS should seek to preserve the existing numerology. The enhancements (if needed) for channels and signals in the CAS are built upon current channels and signals.
Agreement:
Link level evaluation assumptions for baseline evaluations for channels in CAS are as follows:

	Parameter
	Values

	System BW
	10 MHz

	Carrier frequency
	700 MHz

	CP/Numerology
	15kHz, NCP/ECP: 4.7 us/16.6us

	Doppler frequency
	1Hz (rooftop antenna), Up to 120km/h and 250km/h for car-mounted

	Channel estimation
	Realistic based on RS design

	Channel model
	To be determined from system level evaluations for different ISDs.
TDL-i for NLOS and TDL-v for LOS with the scaled delay spread derived from system level simulations.

	Number of Rx antennas at the UE
	Rooftop: 1 (baseline) /2 
Mobile/car receiver: 2

	MCS/Number of bits
	Based on current LTE specifications



Agreement:
· The following items are needed for CAS evaluations and companies are encouraged to provide their views on them in RAN1#97:
· FFT window position;
· Receiving antenna pointing for rooftop;
· Whether the transmission of the CAS is single cell or synchronised in an SFN
· The length of the CP and EI in a synchronised CAS environment.
· For evaluations presented in RAN1#97, companies should provide the options/values used for the above items
Agreement:
For the evaluation of CAS, RAN1 adopts a methodology related to the pathloss model that considers the following:
· Cell reselection procedure (i.e., the UE may select the serving cell depending on the actual pathloss)
· The pathloss may not be constant for a given location
· The evaluations may consist of multiple drops where the pathloss can be constant for a given drop and be different across drops

This contribution provides the preliminary system level and link level simulation results for CAS evaluation.
Simulation results
In this section, the system level and link level simulation results are provided. The simulation assumptions refer to the report of the study item [3] and the agreements achieved in RAN1#96bis meeting [2], unless specifically clarified otherwise in this contribution.
[bookmark: _Ref7516065]System level simulation results
Some remaining issues are discussed for Monte Carlo based pathloss model for CAS evaluation in the companion contribution [4]. The preliminary simulation results of 95%-tile SINR for car-mounted reception based on Monte Carlo model are provided in this section. 
According to the agreements in RAN1#96bis meeting, some simulation items which are needed for CAS evaluation are provided as follows: 
· For FFT window positioning, three options (i.e., first signal above threshold, strongest signal, and maximum energy in CP) are simulated, from which it is observed that the option of “maximum energy in CP” can achieve the maximum SINR, so it is used in the CAS evaluations.
· For receiving antenna pointing for rooftop, two options (i.e. strongest transmitter before considering shadow fading and strongest transmitter after considering shadow fading) are simulated, from which it is observed that the option of “strongest transmitter after considering shadow fading” can achieve the maximum SINR, so it is used in the CAS evaluations.
· For whether the transmission of the CAS is single cell or synchronized in an SFN, both single cell and synchronized in an SFN are simulated. 
The system level simulation results of 95%-tile SINR with Monte Carlo based pathloss model for car-mounted scenario are provided in Table 1.
[bookmark: _Ref7514493]Table 1： 95%-tile SINR with Monte Carlo based model for car-mounted scenarios
	Reception
	Network Topology
	Single Cell or SFN
	CP Length (μs)
	95%-tile SINR (dB)

	Car-mounted
	MPMT
	Single cell
	4.7
	-2.4

	
	
	SFN
	4.7
	-0.5

	
	
	
	16.7
	0.2


Note: For the transmission of the CAS synchronized in an SFN, the simulation results for CP length of 4.7μs and of 16.7μs are provided, for both of which the EI length is 59.4μs. The receiver speed for car-mounted reception is 250km/h. The constant parameter α in Monte Carlo based model is 1 as proposed in the companion contribution [4]. 
It can be seen from Table 1, the achievable SINR for CAS depends on the assumption of single cell or SFN network and the CP length. Specifically, for car-mounted MPMT scenario, the 95%-tile SINR for SFN is higher than that for single cell and higher for the CP length of 16.7μs than that for the CP length of 4.7μs in SFN.
Observation 1: For car-mounted MPMT scenario, 
· the 95%-tile SINR for SFN is higher than that for single cell.
· the 95%-tile SINR for the CP length of 16.7μs is higher than that for the CP length of 4.7μs in SFN. 

Link level simulation results
In this section, the link level simulation results of PDCCH for rooftop and car-mounted reception are provided. DCI format 1C (with 8 CCEs) that is used for SI scheduling and MCCH change notification is chosen for simulation. The delay spread for rooftop HPHT-1 and MPMT scenarios are 45μs and 35μs, respectively; and for car-mounted MPMT scenario it is 40μs.
[bookmark: _GoBack]The performance of DCI 1C for CAS is summarized in Table 2.
[bookmark: _Ref7515698]Table 2: PDCCH (DCI 1C with 8 CCEs) performance
	Reception
	Receiver Speed (km/h)
	Network Topology
	SINR (dB) with BLER=0.01

	Rooftop
	1.54 (corresponding to 1Hz 
Doppler frequency)
	HPHT-1
	-6.2

	
	
	MPMT
	-6.2

	Car-Mounted
	250
	MPMT
	-1.2



From Table 2, we can see that the SINR requirements with BLER=0.01 for rooftop reception are lower than that for car-mounted reception. This is because the receiver speed of rooftop reception is lower and the LOS path is dominant for rooftop. 
Combining the system level simulation results provided in section 2.1, it can be seen that, for car-mounted reception with 250km/h speed for MPMT scenario:
· The 95%-tile SINR of CAS for single cell is lower than the SINR requirement of PDCCH DCI format 1C with 8 CCEs.
· The 95%-tile SINR of CAS for SFN and the CP length of 4.7μs or of 16.7μs is higher than the SINR requirement of PDCCH DCI format 1C with 8 CCEs.
Observation 2: For car-mounted MPMT scenario, the SINR requirement of PDCCH DCI format 1C with 8 CCEs is higher than the 95%-tile SINR of CAS for single cell and lower than the 95%-tile SINR of CAS for SFN.

Conclusions
This contribution provides the preliminary system level simulation and link level simulation results for CAS evaluation, from which the following observations are derived:
Observation 1: For car-mounted MPMT scenario, 
· the 95%-tile SINR for SFN is higher than that for single cell.
· the 95%-tile SINR for the CP length of 16.7μs is higher than that for the CP length of 4.7μs in SFN. 
Observation 2: For car-mounted MPMT scenario, the SINR requirement of PDCCH DCI format 1C with 8 CCEs is higher than the 95%-tile SINR of CAS for single cell and lower than the 95%-tile SINR of CAS for SFN.
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