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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The approved new work item on LTE-based 5G terrestrial broadcast [1] contains the following objectives:
· Define a new numerology with 100us CP and 400us core symbol duration for support of mobility of up to 250km/h [RAN1, RAN4]
· This objective comprises specifying associated RS pattern(s), MCS, TBS, UE capabilities for the new numerology.

In RAN1#96bis meeting, for the new numerology for support of mobility of up to 250km/h, the following agreements are made [2]:
Agreement:
The new numerology with T_CP = 100us and Tu = 400us shall be defined as follows:
· Subcarrier spacing Δf = 2.5 kHz
· Subframe duration 1ms
· Slot duration 0.5ms (one symbol per slot, two symbols/slots per subframe)
· No control region
Agreement:
Subframes with Δf = 2.5 kHz are supported in MBSFN subframes on mixed mode carriers.

In RAN1#97bis meeting, the following agreements are made [3]:
Agreement:
Further evaluations should also consider speeds of 150 km/hr in addition to 250 km/hr (which needs to be evaluated as it is required). 
· Results for lower ISDs than 15 km are encouraged

In this contribution, we perform the evaluation of different RS pattern(s) for support of mobility of 250km/h and 150km/h. In Section 2, we provide the approaches of the RS pattern(s) design. In Section 3, we provide the link level evaluation results. In Section 4, we summarize the observations and provide proposals for the way forward.

RS pattern for the new numerology
The RS pattern to be designed is based on the new numerology with 100us CP and 400us core symbol duration according to the WID. 
Design principles for RS pattern
In the LTE system, in order to guarantee the BER performance of channel estimation , the RS interval in the frequency domain and the time domain of the LTE system should obey the rules below. Df is used to represent the RS tone separation in the frequency domain and Dt is to represent RS tone separation in the time domain.




Where fd is the maximum Doppler shift and τmax  is the maximum multipath delay.
Design examples for RS pattern
For the new numerology of the CP length of Tcp=100us and core symbol duration of Tu = 400us, three RS examples designed for the RS pattern is shown in figure 1. The Dt are respectively2,3and Df are respectively 2, 3 and 4.
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[bookmark: _Ref4169056]Figure 1: RS patterns of the new numerology.

The legacy set of TBS values is the starting point for defining the set of TBS values for subframes with Δf = 2.5 kHz. The TBS value equals to 9912 bits according to the BER performance of the link level simulations, and the different BER performance results have come out according to the different designed RS pattern(s). 
Given the analysis above, some combination candidates of Df and Dt as well as the EI length and RS overhead are summarized in Table 1 and Table 2. 
[bookmark: _Ref4170883]Table 1: Parameters of combination candidates for RS pattern （250km/h）
	Dt
	EI Tu/Df
(us)
	Df
	RS overhead

	2
	200
	2
	25.0%

	2
	133.3
	3
	16.7%

	2
	100
	4
	12.5%

	3
	200
	2
	16.7%

	4
	200
	2
	12.5%



Table 2: Parameters of combination candidates for RS pattern （150km/h）
	Dt
	EI Tu/Df
(us)
	Df
	RS overhead

	2
	200
	2
	25.0%

	2
	133.3
	3
	16.7%

	2
	100
	4
	12.5%

	3
	200
	2
	16.7%

	4
	200
	2
	12.5%



 Performance Evaluations
Link-level simulation assumptions
Table 2: parameters for Link-Level simulation
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	700 MHz

	CP/Numerology
	Tcp:100us; Tu: 400us; PMCH:2.5kHz

	Velocity
	250km/h and 150km/h

	Channel model
	TDL-B with delay spread of 20us

	Number of RX antennas at the UE
	2

	MCS
	12



Simulation results
In this contribution, TBS value is set to 9912 bits [4]. Under this assumption, different BER performance results are provided pertaining to the different designed RS pattern(s).

(1) Link level simulation for the new numerology with the speed of 250km/h.
Figure 1 shows the BER performance of TBS=9912 bits for different RS pattern with the speed of 250km/h. 
[image: 8.11_250]
Figure 1 – Link level simulation results of different RS patterns with 250km/h and TBS=9912.
From the simulation results, it can be seen that the RS pattern with Df=2 and Dt=2 can provide the best BER performance. 
Observation 1: The RS pattern with Df=2 and Dt=2 provides the best BER performance in LPLT scenario for car-mounted reception with mobility of 250km/h. 

(2) Link level simulation for the new numerology with the speed of 150km/h.
Figure 1 shows the BER performance of TBS=9912 bits for different RS pattern with the speed of 150km/h. 
[image: 8.11_150]
Figure 2 – Link level simulation results of different RS patterns with 150km/h and TBS=9912. 

From the simulation results, it can be seen that the RS pattern with Df=2 and Dt=2 can provide the best BER performance. 
Observation 2: The RS pattern with Df=2 and Dt=2 provides the best BER performance in LPLT scenario for car-mounted reception with mobility of 150km/h.

(3) Spectral efficiency analysis for the new numerology.
Figure 3 shows the spectral efficiency of different RS patterns with the speed of 250km/h. 
[image: ]
Figure 3 – Spectral efficiency of different RS patterns with 250km/h.
From Figure 3 above, it can be seen that the RS pattern with Df=2 and Dt=2 achieves the highest spectral efficiency. 
Observation 3:The RS pattern with Df=2 and Dt=2 achieves the highest spectral efficiency in LPLT scenario for car-mounted reception with mobility of 150km/h.

Figure 3 shows the spectral efficiency of different RS patterns with the speed of 150km/h. 
[image: ]
Figure 4 – Spectral efficiency of different RS patterns with 150km/h.
From Figure 4 above, it can be seen that the RS pattern with Df=2 and Dt=2 achieves the highest spectral efficiency. 
Observation 4:The RS pattern with Df=2 and Dt=2 achieves the highest spectral efficiency in LPLT scenario for car-mounted reception with mobility of 150km/h.
The RS pattern with Df=2, Dt=2 can provide the best BER performance. In addition, the RS pattern with Dt=2, Df=2 achieves the highest spectral efficiency. Therefore, RS pattern with Dt=2, Df=2 may be a good consideration.
Proposal 1: The RS pattern with Df=2 and Dt=2 should be specified for the new numerology to support the speed of 250km/h and 150km/h.

[bookmark: _Ref129681832]Conclusions
This contribution discusses which designed RS pattern has the best BER performance for the new numerology for support of mobility 250km/h and 150km/h. Link level simulation results are provided, which leads to the following observation and proposal.
Below is the summary of observations and proposals:
Observation 1: The RS pattern with Df=2 and Dt=2 provides the best BER performance in LPLT scenario for car-mounted reception with mobility of 250km/h.
Observation 2: The RS pattern with Df=2 and Dt=2 provides the best BER performance in LPLT scenario for car-mounted reception with mobility of 150km/h.
Observation 3:The RS pattern with Df=2 and Dt=2 achieves the highest spectral efficiency in LPLT scenario for car-mounted reception with mobility of 150km/h.
Observation 4:The RS pattern with Df=2 and Dt=2 achieves the highest spectral efficiency in LPLT scenario for car-mounted reception with mobility of 150km/h.
From these observations, we would like to propose as follows:
Proposal 1: The RS pattern with Df=2 and Dt=2 should be specified for the new numerology to support the speed of 250km/h and 150km/h.
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