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1 	Introduction
The FR1 HST RRM requirements were discussed in last RAN4 meeting, the progress and open issues are captured in [1]. Our views on these open issues are provided in this paper.
2 Discussion
2.1 Inter-frequency measurement
In RAN4#101-e meeting, the progress on TPSS/SSS_sync_inter for inter-frequency measurement with MG in connected state for HST for is as below.
	DRX cycle
	T PSS/SSS_sync_inter for FR1 HST

	No DRX
	max(600ms, N1  Max(MGRP, SMTC period))  CSSFinter
N1 = 7

	DRX cycle ≤ 160ms
	max(600ms, ceil(N2) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter
N2 = 7 x M2

	160ms < DRX cycle ≤ 320ms
	ceil(N3) x DRX cycle x CSSFinter
N3 = 7 x M2

	DRX cycle>320ms
	FFS

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1


 
There is only one left issue, i.e., PSS/SSS detection time requirement for inter-frequency measurement with MG in connected state when DRX cycle>320ms. We suggest taking the agreed measurement delay requirements as a baseline. Consider that the requirements of inter-frequency measurement are defined no tighter than intra-frequency measurement in general. We proposal to define the requirement when DRX cycle>320ms to be the larger one of the agreed measurement delay requirements for inter-frequency measurement and PSS/SSS detection time requirement for intra-frequency measurement, i.e.:
· 6 x DRX cycle x CSSFinter if SMTC periodicity > 40 ms
· 5 x DRX cycle x CSSFinter if SMTC periodicity ≤ 40 ms
Proposal 1: PSS/SSS detection time requirement for inter-frequency measurement with MG in connected state for HST when DRX cycle>320ms is defined as:
· 6 x DRX cycle x CSSFinter if SMTC periodicity > 40 ms
· 5 x DRX cycle x CSSFinter if SMTC periodicity ≤ 40 ms
2.2 L1-SINR measurement
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. 
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 2: For L1-SINR measurement in HST, the upper bound of the side condition CSI-RS CMR Ês/Iot ≤ 5 dB should be introduced, for CMR only case at least. FFS the cases with dedicated IMR.
2.3 Signalling
The discussion in RAN4#101-e meeting for the IE is provided as follows for reference.
	Issue 3-4-1: for idle state, if the answer to Issue 2-1-2 is Yes (NHST_inter-f carrier * THST_interf + NnonHST_inter-f carrier * TnonHST_interf), whether NW shall indicate UE for which inter-frequency carrier, the enhanced inter-frequency measurement requirements shall apply
· Agreements in GTW
· For IDLE mode, introduce network signalling to inform UE whether the enhanced inter-frequency HST measurement requirements shall be applied per each inter-frequency carrier. The signalling design is up to RAN2.
Issue 3-4-2: for connected state, whether NW shall indicate UE for which inter-frequency carrier, the enhanced inter-frequency measurement requirements shall be applied
· Agreements in GTW
· For connected state, NW shall NOT indicate UE for which inter-frequency carriers, the enhanced inter-frequency measurement requirements shall be applied. 
· It is RAN4 understanding that the requirements will be defined under assumption that all carriers in the connected mode are high-speed train carriers and enhanced inter-frequency measurement requirements shall be applied
Issue 3-4-3: for HST CA, whether highSpeedMeasFlag-r16 can be reused for the indication of application of enhanced CA requirements
· Agreements in GTW
· The common understanding is to inform RAN2 that Rel-16 signalling already covers CA case and inform that Rel-17 we have new feature for RRM CA. It is up RAN2 decision on how to define signalling.
Issue 3-4-4: for inter-frequency measurement, whether the network signalling for CA enhancement can be reused for inter-frequency measurement
· Q1: whether the network signalling for CA enhancement can be reused for inter-frequency measurement
· [bookmark: _Hlk92198288]Option 1 (Ericsson): Yes, highSpeedMeasFlag-r16 can be reused for inter-frequency measurement
· [bookmark: _Hlk92205560][bookmark: _Hlk92198111]Option 2 (MTK, CMCC, Apple, MTK, QC, HW, CATT, vivo): No, introduce a new network signalling to indicate the application of the enhanced requirements for inter-frequency
·  Q2: if new signalling is agreed, whether it is per cell level or per frequency layer level (pending on Issue 3-4-2)
· Option 1 (CMCC, QC): the signalling is a cell-level signalling
· Option 2 (HW): the indication is per inter-frequency layer configuration



[bookmark: _Hlk92198436]According to the agreements on issue 3-4-2 in GTW, a cell-level signalling will be introduced for indication of application of enhanced inter-frequency measurement requirements for connected mode. Then the only issue left open is which signalling to use. Regarding whether to introduce a new signalling for the indication of application of enhanced CA requirements, RAN4 has reached the agreement on leaving it to RAN2. Therefore, a new signalling may be introduced or not by RAN2. If a new signalling is introduced to indicate the application of enhanced CA requirements, there will be three options on network signalling to indicate the application of the enhanced requirements for inter-frequency in connected mode:
· Option 1: Reuse highSpeedMeasFlag-r16
· Option 2: Introduce a new signalling
· Option 3: Reuse the signalling for CA enhancement
Based on the agreements in RAN4#101-e meeting and current signalling structure, we list the signalling for indication of different enhanced requirements: 
	
	Signalling for indication of application the enhanced requirements

	
	Idle mode
	Connected mode

	Intra-frequency
	highSpeedMeasFlag-r16 in ServingCellConfigCommonSIB
	highSpeedMeasFlag-r16 in ServingCellConfigCommonSIB

	Inter-RAT
	highSpeedEUTRACarrier-r16 in SIB5
	highSpeedMeasFlag-r16 in ServingCellConfigCommonSIB

	Inter-frequency
	New signalling
	FFS

	CA
	-
	Up to RAN2:
[bookmark: _Hlk92204914]New signalling or highSpeedMeasFlag-r16 in ServingCellConfigCommon


In our understanding, the application of enhanced inter-frequency requirements in connected mode should be indicated in ServingCellConfigCommonSIB as intra-NR/inter-RAT which is different from CA enhancement. So option 3 just saves a IE name but not any signalling compared to introducing a new signalling.
In existing spec, highSpeedMeasFlag-r16 is defined as below.
	highSpeedMeasFlag
If the field is present and UE supports measurementEnhancement-r16, the UE shall apply the enhanced intra-NR and inter-RAT EUTRAN RRM requirements to support high speed up to 500 km/h as specified in TS 38.133 [14].
If the field is present and UE supports intraNR-MeasurementEnhancement-r16, the UE shall apply enhanced intra-NR RRM requirement to support high speed up to 500 km/h as specified in TS 38.133 [14].
If the field is present and UE supports interRAT-MeasurementEnhancement-r16, the UE shall apply enhanced inter-RAT EUTRAN RRM requirement to support high speed up to 500 km/h as specified in TS 38.133 [14].


From the definition, it can be observed that highSpeedMeasFlag-r16 is used for indication of the enhanced intra-NR and/or inter-RAT RRM requirements. It cannot be used for the indication of the enhanced requirements for inter-frequency directly without modification. In addition, it is better for network to have the configuration flexibility on configuring R16 HST or R17 HST or both.
[bookmark: _Hlk92205778]Based on the above analysis, we propose to introduce a new network signalling to indicate the application of the enhanced requirements for inter-frequency. 
Observation 5: The IE highSpeedMeasFlag-r16 cannot be used for the indication of the enhanced requirements for inter-frequency without modification.
Proposal 3: For CONNECTED mode, introduce a new network signalling to indicate the application of the enhanced requirements for inter-frequency.
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:
Proposal 1: PSS/SSS detection time requirement for inter-frequency measurement with MG in connected state for HST when DRX cycle>320ms is defined as:
· 6 x DRX cycle x CSSFinter if SMTC periodicity > 40 ms
· 5 x DRX cycle x CSSFinter if SMTC periodicity ≤ 40 ms
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 2: For L1-SINR measurement in HST, the upper bound of the side condition CSI-RS CMR Ês/Iot ≤ 5 dB should be introduced, for CMR only case at least. FFS the cases with dedicated IMR.
Observation 5: The IE highSpeedMeasFlag-r16 cannot be used for the indication of the enhanced requirements for inter-frequency without modification.
Proposal 3: For CONNECTED mode, introduce a new network signalling to indicate the application of the enhanced requirements for inter-frequency.
4 Reference 
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Figure G.3-1: Doppler shift trajectory for scenario 1-NR350 (15 kHz SCS)




