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Introduction
In RAN1 #85 and email discussion [85-14], evaluation assumptions for high speed scenario at around 30GHz were agreed [1]. In this contribution, link level simulations are conducted to analyze tolerance of carrier separation of 60kHz in the high speed train scenario at 30GHz.
High speed scenario: simulation assumption
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[bookmark: _Ref458440710]Figure 1 : Top view of the RRH, train and relay station

In this contribution, the link between RRH and relay station, as illustrated in Figure 1, is evaluated.  The simulation parameters used in the evaluation is summarized in Table 1. The modified CDL-D model used in the simulation is shown in Table 2 in the companion contribution [2].

[bookmark: _Ref458529909]Table 1 Link level simulation results used in this contribution
	FEC, modulation 
	OFDM, Turbo code, 256QAM, 64QAM, 16QAM, QPSK

	DL/UL
	DL

	Channel estimation
	Ideal

	Channel model
	CDL-D shown in [2], (ASD, ASA, ZSA, ZSD)=(5, 5, 1, 1), K-factor=13.3dB

	Simulation BW, carrier separation
	80MHz, 60kHz

	Relay and RRH antenna elements
	256

	Antenna architecture
	(8,16,2,1,1)

	Moving direction of the train
	Moving at direction of 

	RRH antenna element radiation pattern
	




	Relay antenna element radiation pattern
	




	Phase noise model
	BS model in R1-164041

	AFC
	Ideal AFC is switched on or off

	Number of data symbols, IDFT, CP size
	1200, 2048, 144 samples

	MIMO mode
	Open loop MIMO transmission


High speed scenario:  evaluation results for SISO results
 In this section, simulation results for the SISO scenario are shown. BLER vs. SNR for various values for mobile speed are shown. The antenna architecture at TX and RX, and SISO transmission mode used in the simulation is shown in Figure 2. The simulation results are shown in Figure 3 through Figure 10.
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[bookmark: _Ref458599195]Figure 2 SISO simulation parameters

From the simulation results, it is clear that Doppler shift has significant impact on the performance. Due to the strong LOS path, the simulated environment is AWGN-like environment with fast phase rotation. From the results, it is clear that low-order modulation is robust against high mobility.  AFC improves the performance of the system significantly.

Observation 1: In the presence of ideal AFC and perfect channel estimates, numerology with bandwidth 80MHz and carrier spacing 60kHz can support mobility up to 500kmph in the SISO scenario with the parameters shown in Table 1.


	
[bookmark: _Ref458791829]Figure 3 QPSK rate 1/2 without AFC, SISO

	
Figure 4 QPSK rate 1/2 with AFC, SISO





	
Figure 5 16QAM rate 1/2 without AFC, SISO

	
Figure 6 16QAM rate 1/2 with AFC, SISO




	
Figure 7 64QAM rate 1/2 without AFC, SISO

	
Figure 8 64QAM rate 1/2 with AFC, SISO



	
Figure 9 256QAM rate 3/4 without AFC, SISO

	
[bookmark: _Ref458773873]Figure 10 256QAM rate 3/4 with AFC, SISO




High speed scenario:  evaluation results for 2 by 2 MIMO results
In this section, BLER vs. SNR for various values for mobile speed are shown in Figure 12 through Figure 19. The antenna architecture and MIMO transmission are illustrated in Figure 11. 
At the transmitter, TX ports #1 and #2 are mapped to V and H polarizations, respectively. At the receiver, two RX ports are mapped to V and H polarizations, respectively. Although the channel is characterized by XPR of 11dB, the dominant LOS path with ideal cross polarization discrimination (XPD) equivalently gives a quasi-orthogonal channel under the condition that TX and RX panels face each other
Observing the results in Figure 12 through Figure 19, it is clear that under the assumption of ideal estimation and presence of perfect AFC, no performance degradation due to high mobility is observed. As expected, modulation with lower order provides more robustness against high mobility.
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[bookmark: _Ref458773747]Figure 11 Open-loop MIMO simulation environment

Similar tendency as in the SISO simulation results is observed in the MIMO simulation results. With the ideal AFC and channel estimates, mobility up to 500kmph can be supported with the numerology option. 

Observation 2: In the presence of ideal AFC and perfect channel estimates, numerology with bandwidth 80MHz and carrier spacing 60kHz can support mobility up to 500kmph in the MIMO scenario with the parameters shown in Table 1.




	
[bookmark: _Ref458773774]Figure 12 QPSK rate 1/2 without AFC, MIMO

	
Figure 13 QPSK rate 1/2 with AFC, MIMO



	
Figure 14 16QAM rate 1/2 without AFC, MIMO

	
Figure 15 16QAM rate 1/2 with AFC, MIMO



	
Figure 16 64QAM rate 1/2 without AFC, MIMO

	
Figure 17 64QAM rate 1/2 with AFC, MIMO



	
Figure 18 256QAM rate 3/4 without AFC, MIMO

	
[bookmark: _Ref458773777]Figure 19 256QAM rate 3/4 with AFC, MIMO



Conclusion
[bookmark: _GoBack] In this contribution, BLER performance of the numerology option with 60kHz carrier separation and 80MHz simulation bandwidth is evaluated by link level simulations with the parameters agreed in the email discussion. Assuming ideal channel estimation, performance degradation due to high mobility can be minimized with AFC. For convenience, we list the simulation parameters in Table 1 and observations made in the simulation results.

Table 1 Link level simulation results used in this contribution
	FEC, modulation 
	OFDM, Turbo code, 256QAM, 64QAM, 16QAM, QPSK

	DL/UL
	DL

	Channel estimation
	Ideal

	Channel model
	CDL-D shown in [2], (ASD, ASA, ZSA, ZSD)=(5, 5, 1, 1), K-factor=13.3dB

	Simulation BW, carrier separation
	80MHz, 60kHz

	Relay and RRH antenna elements
	256

	Antenna architecture
	(8,16,2,1,1)

	Moving direction of the train
	Moving at direction of 

	RRH antenna element radiation pattern
	




	Relay antenna element radiation pattern
	




	Phase noise model
	BS model in R1-164041

	AFC
	Ideal AFC is switched on or off

	Number of data symbols, IDFT, CP size
	1200, 2048, 144 samples

	MIMO mode
	Open loop MIMO transmission



Observation 1: In the presence of ideal AFC and perfect channel estimates, numerology with bandwidth 80MHz and carrier spacing 60kHz can support mobility up to 500kmph in the SISO scenario with the parameters shown in Table 1.

Observation 2: In the presence of ideal AFC and perfect channel estimates, numerology with bandwidth 80MHz and carrier spacing 60kHz can support mobility up to 500kmph in the MIMO scenario with the parameters shown in Table 1.
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SISO: V-pol only

(M,N,d\,d,,P)=(8,16,0.5,0.5,1)
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2x2 MIMO: V/H-pol mux

(M,N,d,,d,,P)=(8,16,0.5,0.5,2)
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