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Background
During RAN4#94e meeting, way forward [1] for NR Rel-16 UE demodulation was approved. In this contribution, we share our views about the UE demodulation requirements for NR Rel-16 HST SFN.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
Target speed for SFN
	For HST-SFN,
· FFS on whether to introduce requirements for target speed of 350km/h.
· Option 1: Do not define requirements for target speed of 350km/h
· Option 2: Introduce requirements for target speed of 350km/h with higher MCS.
· Option 3:  If significant performance gain can be achieved for 350km/h compared to that of 500km/h, we can add some test cases with a note indicating that it should be applied for 350km/h.



Doppler corresponding to target speed of 350km/h and 500km/h are both in range of maximum UE frequency tracking capability, i.e. less than 875Hz. That means UE can estimate frequency offset correctly for such two speeds. Also, there is almost no difference on other UE processing procedure between 350km/h and 500km/h. 
Observation 1: Supporting of 500km/h is a higher requirements on Doppler comparing to that of 350km/h.
For our understanding, UE passing the performance requirements for 500km/h don’t need to duplicate the testing since it definitely support 350km/h. For higher MCS which is not available for target speed of 500km/h, there will also be not available for target speed of 350km/h. We don’t see any necessity to introduce requirements for target speed of 350km/h. Therefore, we propose that do not define requirements for target speed of 350km/h for HST-SFN.
Proposal 1: Do not define requirements for target speed of 350km/h for HST-SFN.
Maximum Doppler shift
	· Maximum Doppler frequency
· For TDD 30 KHz SCS, 500km/h  
· Option 1: 1667Hz
· Option 2: 1500Hz  
· For FDD 15 KHz SCS, 500km/h
· Option 1: 851Hz
· Option 2 : 870Hz



For FDD 15 KHz SCS, we notice that the reason companies prefer 851 Hz is considering 0.1 ppm UE DL frequency error while companies that prefer 870 Hz do not consider 0.1 ppm UE DL frequency error.
So, firstly, we discuss on UE DL frequency error. ±0.1ppm frequency error which is defined in TS 38.101-1[2] is shown below:
	The UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms compared to the carrier frequency received from the NR Node B.



[bookmark: OLE_LINK5]At the UE side, UE receives signals with carrier frequency  from gNB and then UE estimates the Rx frequency  according to  from several RRUs. Then UE calculates Tx frequency  according to . So we can get the following equation:

[bookmark: OLE_LINK4][bookmark: OLE_LINK6]It can be understood that ±0.1ppm is the UE UL frequency error that has no influence on UE demodulation performance. No UE DL frequency error which company has concern is defined in the specification. Usually UE DL frequency error can be limited to a rather small value by implementation. Considering a worse case, UE DL frequency error is assumed ±0.1ppm that is same as UE UL frequency error, UE is only locked to one , but the frequency error can only be +0.1ppm or -0.1ppm at one time.
[bookmark: OLE_LINK7]Observation 2: ±0.1ppm frequency error is UE UL frequency error that has no influence on UE demodulation performance. 
Observation 3: Considering a worse case, UE DL frequency error can be +0.1ppm or -0.1ppm at one time and should not consider both +0.1ppm and -0.1ppm at the same time.
The following figure shows the Doppler shift and power trajectories for FDD for different RRHs with maximum Doppler shift 870Hz.
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	[bookmark: OLE_LINK30][bookmark: OLE_LINK31]a) Power trajectories
	b) Doppler shift trajectories

	Figure 2.2-1: Power and Doppler shift trajectories for FDD


For one path, frequency tracking compensation value should be near to the maximum Doppler shift (870Hz or -870Hz). For two path or more, frequency tracking compensation value should be in somewhere (e.g. blue line in Figure 2.2-1 b) within the max Doppler shift, i.e. between [-870Hz, 870Hz] based on the power of different paths.
Doppler spread is about 2 times maximum Doppler shift, considering the most extreme cases, frequency shift for all paths are not greater than maximum frequency tracking capability. Same method is applicable for TDD.
Observation 4: For SFN, maximum frequency tracking capability is not affected by FTL error no matter where UE is.
So we can get the following proposal:
Proposal 2: No need to consider ±0.1ppm UE DL frequency error and other errors.
For maximum Doppler shift, as per simulation results in section 3, less than 870Hz is all feasible for 15kHz SCS, and less than 1667Hz is all feasible for 30kHz SCS.
As per WF [3], NR BS HST performance requirement is on discussion and the agreement on maximum Doppler shift is shown below:
	· Maximum Doppler shift
· Single tap HST 500km/h 
· 15kHz SCS : 1740Hz
· 30kHz SCS:  3334Hz



To align with BS, we should define maximum Doppler shift half of maximum Doppler shift defined for BS side for 500km/h, i.e. 870Hz for FDD 15 kHz and 1667 Hz for TDD 30 kHz, respectively.
Proposal 3: Adopt maximum Doppler shift 870Hz for FDD with 15kHz SCS, 1667Hz for TDD with 30kHz SCS.
Simulations
As per updated simulation assumption in WF [1], we get the following updated simulation results.
Table 3-1: Ideal Simulation results for SFN for NR UE HST
	Case Number
	Antenna configuration
	CHBW/SCS
	maximum Doppler shift(Hz)
	SNR@70% Max TP

	5
	2x2
	10MHz/15kHz
	870
	9.40

	6
	2x4
	10MHz/15kHz
	870
	6.80

	7
	2x2
	10MHz/15kHz
	851
	9.35

	8
	2x4
	10MHz/15kHz
	851
	6.77

	9
	2x2
	40MHz/30kHz
	1500
	10.08

	10
	2x4
	40MHz/30kHz
	1500
	7.77

	11
	2x2
	40MHz/30kHz
	1667
	10.61

	12
	2x4
	40MHz/30kHz
	1667
	7.93
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Figure 3-1: Ideal Simulation results for SFN for NR UE HST
Proposals
In this contribution, we discuss on NR UE HST performance requirements under SFN. Our observations and proposals are:
Observation 1: Supporting of 500km/h is a higher requirements on Doppler comparing to that of 350km/h.
Proposal 1: Do not define requirements for target speed of 350km/h for HST-SFN.
Observation 2: ±0.1ppm frequency error is refer to UE UL frequency error which has no influence on UE demodulation performance. 
Observation 3: Considering a worse case, UE DL frequency error can be +0.1ppm or -0.1ppm at one time and should not consider both +0.1ppm and -0.1ppm at the same time.
Observation 4: For SFN, maximum frequency tracking capability is not affected by FTL error no matter where UE is.
Proposal 2: No need to consider ±0.1ppm UE DL frequency error and other errors.
Proposal 3: Adopt maximum Doppler shift 870Hz for FDD with 15kHz SCS, 1667Hz for TDD with 30kHz SCS.
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Doppler shift trajectories
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