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Background
During RAN4#94e-bis 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.
Discussion
Maximum Doppler shift
	· Maximum Doppler frequency
· For TDD 30 KHz SCS, 500km/h
· 1667Hz
· larger implementation margin of 1 dB instead of 0.5dB being added on top of average impairment simulation results
· For FDD 15 KHz SCS, 500km/h
· Option 1: 851Hz
· Option 2: 870Hz



Firstly, we would like to discuss the frequency tracking strategy for SFN. At last meeting, two strategy ‘follow zero’ and ‘follow strongest’ are proposed by some companies. For ‘follow zero’ strategy, UE always tracks the frequency to fc and two opposite Doppler with same value is observed at the midpoint between two RRUs. For ‘follow strongest’ strategy, UE tracks the strongest path and a huge Doppler jump can be observed at the midpoint between two RRUs.
However, UE can’t track the frequency to fc precisely, since UE can only see the residual frequency at the baseband. Also, UE cannot “follow strongest” path, because UE is only configured with the same TCI state received from 4 RRUs for SFN, it is the combined channel from UE point of view and UE can’t distinguish the Doppler from each RRU. Both strategies are too ideal to describe practical UE frequency tracking behaviour, we should not analyse the Doppler shift characters for HST SFN based on such assumption. It is more suitable that UE consider all 4 paths and tracks the synthesized frequency as shown in Figure 2.1-1.
[image: ]
Figure 2.1-1 Doppler shift trajectories for HST SFN
Observation 1: ‘follow zero’ and ‘follow strongest’ strategies are too ideal to describe practical UE frequency tracking behaviour. 
Proposal 1: Consider all 4 paths and tracks the synthesized frequency for HST SFN.
For FDD 15 KHz SCS, 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. As per TS 38.101-1 [2], ±0.1ppm frequency error is derived as following:
	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]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 requirement is defined in the specification. From real UE implementation point of view, the actual UE DL frequency error is usually caused by FTL, it can be limited to a rather small value based on the FTL component available on market.
Observation 2: No UE DL frequency error requirement is defined in the specification. Usually UE DL frequency error can be limited to a rather small value.
Consider more suitable and more practical frequency tracking, i.e. blue line in Figure 2.1-1, the Doppler frequency is ‘slowly’ changed and there is no large Doppler jump observed. Also, residual frequency for all paths are not greater than the maximum frequency tracking capability.
As above, the ±0.1ppm UE DL frequency error does not impact the max Doppler shift supported by UE, also 870Hz is within the processing capability as per the NR TRS configuration and no performance difference for 851Hz and 870Hz as per the evaluations. 
Proposal 2: No need to consider ±0.1ppm UE DL frequency error.
Proposal 3: Define 870Hz as the maximum Doppler shift for 15kHz SCS for SFN scenario.
Simulations
As per updated simulation assumption in WF [1], we provide 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

	1
	2x2
	10MHz/15kHz
	870
	9.40

	2
	2x4
	10MHz/15kHz
	870
	6.80

	3
	2x2
	10MHz/15kHz
	851
	9.35

	4
	2x4
	10MHz/15kHz
	851
	6.77

	5
	2x2
	40MHz/30kHz
	1667
	10.61

	6
	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: ‘follow zero’ and ‘follow strongest’ strategies are too ideal to describe practical UE frequency tracking behaviour. 
Observation 2: No UE DL frequency error requirement is defined in the specification. Usually UE DL frequency error can be limited to a rather small value.
Proposal 1: Consider all 4 paths and tracks the synthesized frequency for HST SFN.
Proposal 2: No need to consider ±0.1ppm UE DL frequency error.
Proposal 3: Define 870Hz as the maximum Doppler shift for 15kHz SCS for SFN scenario.
Reference
R4-2005532, WF on UE demodulation for NR HST,RAN4#94e-bis, CMCC
TS 38.101-1, User Equipment (UE) radio transmission and reception, Part 1: Range 1 Standalone
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