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During RAN1#73, fast fading models for device-to-device (D2D) link were discussed and four models (Alt.1-Alt.4) were proposed. In the email discussion [73-9] after the meeting, Alt.1 [1] was agreed for the simulation assumptions.
In this contribution, we present preliminary link level simulation results for the channel model Alt.1. Results of the traditional single-mobility model are compared with the dual-mobility model. In addition, we discuss the Doppler spread impact due to dual-mobility on the link performance.

[bookmark: _Ref346118000]Doppler Spectrum for D2D link level simulations
In D2D communication, UE velocities are defined for both transmitter and receiver side. Figure 1 and 2 show the Doppler spectrum obtained by the link level simulator based on ITU-R UMi channel model with dual-mobility for LOS and NLOS respectively. The simulation assumptions are detailed in Table 3, Appendix A.


In figure 1 for the LOS case, the Doppler spectrum due to single-mobility is shown (refer to velocity 0 x 60kmph) and the Doppler spectrum due to dual-mobility (refer to the remaining plots) are shown. As discussed in [2], the theoretical peaks were computed using the ratio  and listed in Table 1 below. These values were verified through simulation. Note, as shown in the figure, that dual-mobility results in wider Doppler spectrum as the sum of the velocities increases and that the ratio  determines the location of the peaks. Figure 2 shows the Doppler spectrum for the NLOS case. Note that the spectrum peaks are flattened in the NLOS case.
Observation 1:
We confirmed through simulations that dual-mobility models have wider Doppler spectrum compared to single-mobility case and verified the peak values as provided in [2]. 
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Figure 1: Doppler Spectrum in LOS 
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Figure 2: Doppler Spectrum in NLOS 




Table 1: f1, f2 and a in [2]
	
	f1
	f2
	f2-f1 peak
	a = f2 / f1

	Velocity 0 x 60kmph
	111 Hz
	0 Hz
	
111 Hz
	0

	Velocity 60 x 30kmph
	111 Hz
	56 Hz
	
56 Hz
	0.5

	Velocity 60 x 60kmph
	111 Hz
	111 Hz
	
0 Hz
	1

	Velocity 60 x 120kmph
	222 Hz
	111 Hz
	
111 Hz
	0.5



Impact of Doppler spread due to UE velocities on D2D link performance
In this section, we present the impact of the UE velocities to the D2D link performance. We evaluated the link performance for the various combinations of the UE-pair with velocities of {0, 30, 60, 120} kmph, MCS {0, 15, 28} and PHY channel PUSCH. Figure 3 and 4 show the LOS and NLOS case results for the UE-pairs with velocities of {(0, 30), (0, 120), (30, 30), (120, 120) kmph} respectively. Remaining link-performance results for the UE-pair combinations are shown in figure 5 and 6, Appendix B. 
As shown in figure 3 and 4, the lower modulation (QPSK) is not impacted significantly by the high dual-mobility relative to the traditional single-mobility Doppler-spread. However, in the case of higher modulation (16QAM and 64QAM) large Doppler-spread due to UE velocities causes significant impact on the link performance. We also present the degradations [dB] at BLER 0.01 of single-mobility vs. dual-mobility in Table.2. We can see more degradation in dual-mobility models compared with single-mobility case. For example in LOS and MCS28, velocity 30 x 30 have about 1.5dB degradation at BLER =0.01 compared with velocity 0 x 30.

Observation 2:
We found Doppler spread due to dual-mobility does not impact significantly the link performance of the lower order MCS but it impacts significantly the link performance of the higher MCS with respect to traditional single-mobility case.
Proposal:
RAN1 should take into account the impact of the Doppler spread on the link performance during the discussion of D2D system design.
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Figure 3: BLER of dual-mobility models in LOS 
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Figure 4: BLER of dual-mobility models in NLOS 



Table 2: Degradations [dB] at BLER 0.01 of single-mobility vs. dual-mobility
	
	
	UE velocities pairs [kmph]

	
	MCS
	0x30 vs. 30x30
	0x60 vs. 60x60
	0x120 vs. 120x120

	LOS
	0
	0
	0
	0

	
	15
	0
	0.4
	4.5

	
	28
	1.5
	- *1
	- *1

	NLOS
	0
	0
	0
	0

	
	15
	0
	0.5
	3

	
	28
	3
	- *1
	- *1


*1  Not measured .

Conclusions
We investigated the Doppler spectrum and link-level performances in D2D channel. We have the following observations and the proposal.
Observation 1:
We confirmed through simulations that dual-mobility models have wider Doppler spectrum compared to single-mobility case and verified the peak values as provided in [2]. 
Observation 2:
We found Doppler spread due to dual-mobility does not impact significantly the link performance of the lower order MCS but it impacts significantly the link performance of the higher MCS with respect to traditional single-mobility case.
Proposal:
RAN1 should take into account the impact of the Doppler spread on the link performance during the discussion of D2D system design.
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Appendix A: Simulation Assumptions
Simulation assumptions are shown in the Table 3.
Table 3: Simulation assumptions
	Carrier frequency
	2000 [MHz]

	Channel model
	ITU-R UMi w/ dual-mobility

	Dual-Mobility Type
	Alt.1 [1]

	Moving direction of Tx UE and Rx UE
	Uniform Random(-180-180[deg.]),
independently

	Cluster ASA and ASD of Tx UE and Rx UE
	104 [deg.]

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	Number of allocated RBs
	6RBs

	MCS
	0 (QPSK), 15 (16QAM), 28 (64QAM)

	UE velocities pairs (Tx, Rx)
	(0, 30), (30, 30), (30, 120), (0, 60), (60, 30), (60, 60), (60, 120), (0, 120), (120, 120)

	Frame format
	PUSCH

	Channel Estimation
	ZF 

	Receiver Type
	MRC



Appendix B: All results on dual-mobility
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Figure 5: BLER of dual-mobility models in LOS 
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Figure 6: BLER of dual-mobility models in NLOS 
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