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1 	Introduction
The FR1 HST RRM requirements were discussed in last RAN4 meeting, the progress and open issue are captured in [1]. Our views on the open issue are provided in this paper.
2 Discussion
We had discussed L1-SINR requirements for high speed scenario for several meetings. The way forward in last meeting is as below. We will elaborate our view on this issue.
	Issue 3-1-1: how to specify the L1-SINR requirements for high speed scenario
Agreements in 1st round
· For L1-SINR for FR1 HST
· The existing measurement delay requirements for L1-SINR is reused 
· The existing accuracy requirements for L1-SINR is reused
· Whether and how to define applicability of side condition for the L1-SINR accuracy requirements can be further discussed and concluded in the perf. phase
· Option 1: the upper bound of the side condition for L1-SINR accuracy is 5dB
· Option 2: no upper bound of side condition for L1-SINR accuracy



Performance degradation of SINR measurement in high SNR for HST has been discussed in Rel-16 HST. In HST scenario, when UE is leaving the serving cell and towards the target cell, the Doppler shift from serving cell and target cell will be opposite. Thus, when UE performs SINR measurement on the neighbour cell, the relative frequency error will be doubled and it will result in SINR measurement degradation. To tackle this problem, in Rel-16 HST, RAN4 decided to introduce an upper bound to the side condition of the SS-SINR to guarantee the accuracy of the SS-SINR measurement. In the past several meetings, how to specify L1-SINR measurement requirements was discussed but without agreement. In our opinion, similar upper bound is needed. To derive the upper bound, a simulation for the L1-SINR of CMR only case in HST has been conducted and the simulation assumption in WF [2] is provided as follows:
Table 1. Simulation assumption provided in WF for L1-SINR measurement accuracy in R17 FR1 HST
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1
	3.6 GHz

	channel
	AWGN

	BS transmit antennas for CSI-RS
	1 tx

	UE receive antennas
	2 rx

	Data channel subcarrier spacing
	The same as CSI-RS subcarrier spacing

	Measurement period (in number of measurement samples)
	1 sample

	Subcarrier spacing
	15 kHz; 30 kHz

	CSI-RS periodicity
	5 ms

	Carrier frequency offset
	Option 1:
972Hz for 15kHz;
1667Hz for 30kHz
	Option 2:
1944Hz for 15kHz;
3334Hz for 30kHz

	Propagation condition
	High speed train condition specified in Table G.3 in TS 38.104

	Number of PRBs
	48

	Density
	3

	Side condition (SNR) on CMR
	-3 dB

	Frequency tracking
	TRS 



However, for the above simulation assumption, we have comments on three fields (1) carrier frequency offset (2) propagation condition (3) frequency tracking
For the carrier frequency offset, the UE speed is 500km/hr (according to WI in RP-202106) and carrier frequency should be 2.1 GHz and 3.6 GHz for 15kHz and 30kHz. Thus, carrier frequency offsets should be  and .
[bookmark: _Ref85577290][bookmark: _Ref85632350]Observation 1: Considering the carrier frequency (2.1GHz for 15kHz and 3.6GHz for 30kHz) and UE speed (500 km/hr), the carrier frequency offset should be 1944Hz and 3333Hz.
For the propagation condition in Table G.3 in TS 38.104, in our understanding, it seems not applicable to L1-SINR measurement. According to 38.104, the Doppler shift trajectory is provided as following figure.
[image: ]
In the figure G.3-1, the UE behavior during T1, T2, T3 and T4 is provided as follows:
· During T1, UE will receive the signals from RRH1 and synchronize to it.
· During T2, the negative Doppler shift will be assumed due to leaving RRH1. (Note that there is no impact from RRH2 during this period)
· During T3, UE will start to receive the signals from RRH2 and synchronize to it. Besides, the positive Doppler shift is assumed.
· During T4, the negative Doppler shift will be assumed again due to leaving RRH2
But, for L1-SINR measurement, UE may measure the CMR from RRH2 during T2 while UE synchronizes to RRH1. In this scenario, both a positive Doppler shift (from RRH2) and a negative Doppler shift (from RRH1) should be assumed, i.e., two times Doppler shift from RRH2 can be observed by UE. Thus, in our understanding, it seems that the channel model should be AWGN + 2*Doppler shift.
[bookmark: _Ref85577291][bookmark: _Ref85632361]Observation 2: For the channel model in HST, it should be AWGN with 2*Doppler shift.
For the frequency tracking, in our understanding, UE is not required to perform the frequency compensation for the SS-SINR measurement. Thus, following the similar logic, the frequency compensation is also not needed for UE to perform L1-SINR measurement. 
[bookmark: _Ref85577293][bookmark: _Ref85632364]Observation 3: For the frequency tracking, UE is not required to perform the frequency compensation for the SS-SINR and L1-SINR measurement.
Thus, according to Observation 1, Observation 2 and Observation 3, the simulation assumption is revised as in Table 2 and the simulation results are provided in Table 3 and Table 4 for 15kHz and 30kHz, respectively. 
[bookmark: _Ref78373622]Table 2. Simulation assumption for L1-SINR measurement accuracy in R17 FR1 HST
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1
	3.6 GHz

	channel
	AWGN

	BS transmit antennas for CSI-RS
	1 tx

	UE receive antennas
	2 rx

	Data channel subcarrier spacing
	The same as CSI-RS subcarrier spacing

	Measurement period (in number of measurement samples)
	1 sample

	Subcarrier spacing
	15 kHz; 30 kHz

	CSI-RS periodicity
	5 ms

	Carrier frequency offset
	1944Hz for 15kHz;
3334Hz for 30kHz

	Propagation condition
	AWGN with 2*doppler shift

	Number of PRBs
	48

	Density
	3

	Side condition (SNR) on CMR
	-3 dB



[bookmark: _Ref78373688]Table 3. Simulation result for L1-SINR measurement accuracy in R17 FR1 HST @ 15kHz
	SCS 15KHz
	
	Delta SINR at 90% accuracy [dB]

	
	CSI-RS Ês/Iot
	CFO: 0 Hz
	CFO: 1944 Hz

	
	-6 dB
	2.05
	1.82

	
	0 dB
	1.07
	0.92

	
	5 dB
	0.59
	1.45

	
	10 dB
	0.78
	2.74

	
	15 dB
	1.3
	5.33

	
	20 dB
	2.39
	9.18


[bookmark: _Ref78373689]
[bookmark: _Ref78384304]Table 4. Simulation result for L1-SINR measurement accuracy in R17 FR1 HST @ 30kHz
	SCS 30KHz
	
	Delta SINR at 90% accuracy [dB]

	
	CSI-RS Ês/Iot
	CFO: 0 Hz
	CFO: 3334 Hz

	
	-6 dB
	2.04
	1.87

	
	0 dB
	1.05
	0.79

	
	5 dB
	0.59
	1.21

	
	10 dB
	0.78
	2.3

	
	15 dB
	1.31
	4.55

	
	20 dB
	2.4
	8.14



On the other hand, the R16 eMIMO simulation results for L1-SINR measurement accuracy (R4-2014758) are provided for reference as follows:
[bookmark: _Ref78385680]Table 5. Simulation result summary of L1-SINR measurement accuracy in R16 eMIMO (R4-2014758)
	FR1
	SNR=-3dB
	AWGN
	1 sample
	PRB
	48
	
	
	
	max(5%, 95%)
	
	

	RS
	Side condition
	SCS
	Percentile
	Samsung
	Qualcomm
	Huawei
	Nokia
	MediaTek
	Apple
	Ericsson
	
	

	
	
	
	
	R4-2000286
	R4-2009983
	R4-2004324
	R4-2011337
	R4-2014758
	R4-2014247
	R4-2015827
	Span
	Average

	Scenario 1A: CSI-RS based CMR only
	-3db
	15kHz
	5%
	
	-3.72
	-1.27
	-1.42
	-1.01
	-0.59
	-4.9
	
	

	
	
	
	95%
	
	-0.23
	1
	1.13
	2.24
	2.81
	-2
	
	

	
	
	
	max(5%, 95%)
	
	2.77
	1.27
	1.42
	2.24
	2.81
	1.9
	1.5
	2.1

	
	
	30kHz
	5%
	-1.34
	-3.72
	-1.21
	-1.36
	-1.15
	-0.63
	-4.5
	
	

	
	
	
	95%
	1.3
	-0.34
	1.07
	1.17
	2.22
	2.88
	-1.6
	
	

	
	
	
	max(5%, 95%)
	1.34
	2.66
	1.21
	1.36
	2.22
	2.88
	1.5
	1.7
	1.9



According to Table 5, the average accuracy are 2.1 dB and 1.9 dB in the baseband for 15kHz and 30kHz, respectively.
[bookmark: _Ref78393303][bookmark: _Ref78394944]Observation 4: For L1-SINR in R16 eMIMO, the average accuracy are 2.1 dB and 1.9 dB in the baseband for 15kHz and 30kHz, respectively.
Based on Table 3 and Table 4, it can be observed the L1-SINR accuracy in HST at CSI-RS CMR Ês/Iot = 5 dB are 1.45 dB and 1.21 dB for 15kHz and 30kHz respectively, and both two values can match the average accuracy in Table 5, i.e., 2.1 dB and 1.9 dB, while accuracy are degraded due to large frequency offset. 
[bookmark: _Hlk95750181]Given the Ês/Iot upper bound of 5 dB has been adopted for SS-SINR in R16 HST, as shown in Note 5 in Table 10.1.12.1.1-1 in 38.133, we suggest defining the same upper bound of 5dB for L1-SINR measurement in Rel-17 HST in order to make the requirements consistent.
[bookmark: _Ref67993545][bookmark: _Ref78394953]Proposal 1: For L1-SINR measurement in HST, the upper bound of the Ês/Iot side condition should be 5 dB.
3 Summary
In this paper, the discussion on the remaining issues for R17 HST in FR1 is provided. We have the following proposals and observations:
Observation 1: Considering the carrier frequency (2.1GHz for 15kHz and 3.6GHz for 30kHz) and UE speed (500 km/hr), the carrier frequency offset should be 1944Hz and 3333Hz.
Observation 2: For the channel model in HST, it should be AWGN with 2*Doppler shift.
Observation 3: For the frequency tracking, UE is not required to perform the frequency compensation for the SS-SINR and L1-SINR measurement.
Observation 4: For L1-SINR in R16 eMIMO, the average accuracy are 2.1 dB and 1.9 dB in the baseband for 15kHz and 30kHz, respectively.
Proposal 1: For L1-SINR measurement in HST, the upper bound of the Ês/Iot side condition should be 5 dB.
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[bookmark: _Ref95465087]R4-2115439, WF on RRM for FR1 HST, CMCC, RAN4 #100-e.
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Figure G.3-1: Doppler shift trajectory for scenario 1-NR350 (15 kHz SCS)




