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1 	Introduction
In last meeting, several issues are still without conclusion, e.g., the L1-SINR and upper bound of the number of carrier and band. Our views on these open issues are provided in this paper.
2 Discussion
2.1 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. The upper bound of the side condition for SS-SINR measurement in Rel-16 HST is provided as follows.







	Table 10.1.12.1.1-1: SS-SINR Intra frequency absolute accuracy in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	Note 3
	NR operating band groups Note 4
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	
	
	
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-118
	N/A
	-50

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-50

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-50

	3.0
	4
	-3
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-50

	
	
	
	NR_FDD_FR1_F
	-118.5
	-115.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-50

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-50

	3.5
	4
	-6
	Note 2
	Note 2
	Note 2
	Note 2
	Note 2

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 3:	The requirements apply for SSB Ês/Iot ≤ 25 dB under non-HST scenarios.
NOTE 4:	NR operating band groups in FR1 are as defined in clause 3.5.2.
NOTE 5:	The requirements apply for SSB Ês/Iot ≤5 dB with SCS 15kHz or 30kHz under NR high speed scenarios.






For L1-SINR measurement, which was introduced by R16 eMIMO WI, it may also suffer the same degradation due to high speed, at least for the CMR-only case. A simulation for the L1-SINR of CMR only case in HST has been conducted. The simulation assumption is provided in Table 1. (Note that the value of carrier frequency offset is based on TS 38.133 R16 HST test case), and the simulation results are provided in Table 2 and Table 3 for 15kHz and 30kHz, respectively. 

[bookmark: _Ref78373622]Table 1. Simulation assumption for L1-SINR measurement accuracy in R17 FR1 HST
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	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



[bookmark: _Ref78373688]Table 2. 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 3. 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][bookmark: _GoBack]Table 4. 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 4, the average accuracy are 2.1 dB and 1.9 dB in the baseband for 15kHz and 30kHz, respectively.
[bookmark: _Ref78393303][bookmark: _Ref78394944]Observation 1: 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 2 and Table 3, 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 4, 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, we suggest to define the same upper bound of 5dB for L1-SINR measurement in Rel-17 HST, in order to make the requirements consistent.

Besides, in previous meeting, some companies raised the question on whether the L1-SINR measurement is applicable for HST or not. In our understanding, if the operator can confirm that L1-SINR measurement is not applicable for HST, then RAN4 can capture it in an agreement as “no requirement for L1-SINR measurement in HST”.

[bookmark: _Ref71059929]Proposal 1: RAN4 needs to confirm whether L1-SINR measurement is applicable for HST or not. If not, then RAN4 should clearly state the L1-SINR measurement requirement is not applicable for HST in TS 38.133.
[bookmark: _Ref67993545][bookmark: _Ref78394953]Proposal 2: If RAN4 doesn’t confirm the L1-SINR measurement is not applicable for HST, then 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.

2.2 Link recovery for SCell
[bookmark: _Ref67993546]In Rel-16 eMIMO, scaling factors PBFD/ PCBD are introduced for SCell BFR to avoid the high UE complexity, where PBFD/ PCBD is the number of band(s) on which UE is performing beam failure/candidate beam detection only for SCell. However, the measurement time will increase with the number of band(s), where UE is performing beam failure detection only for SCell. In last meeting, most of companies think the same concept on the number of band(s) on which UE is performing beam failure detection for Scell in R16 can be reused in R17 HST. Thus, we can compromise with clarification as follows:
[bookmark: _Ref78394958]Proposal 3: In R17 HST, for Scell link recovery, no limitation on the number of band(s) in the spec, i.e., it depends on network configuration.
•	The same requirement of Scell link recovery is applied for non-HST and HST.
•	Performance degradation may occur when evaluation period is longer than 5 secs in HST. 

2.3 CSSF
The L3 measurement period will increase with the number of the SCell, i.e., UE may not have enough time to perform measurement for large number of SCells within a reasonable time duration for HST. Thus, we would like to clarify how many SCell(s) would be supported in R17 HST in FR1. 

Analysis for the total measurement time are provided as follows. Assumed that the inter-site distance (ISD) is 700 ms and the speed of the train is 500 km/h. It can be observed that train may take 700/(500*1000/3600) = 5.04 seconds between two RRHs. Thus, in our understanding, the measurement will be considered as invalid if the total measurement time , i.e., TPSS/SSS_sync_intra + TSSB_time_index_intra + T SSB_measurement_period_intra, > 5 seconds.
[bookmark: _Ref78364683][bookmark: _Ref78276699]Observation 2: For HST, the measurement is valid if TPSS/SSS_sync_intra + TSSB_time_index_intra + T SSB_measurement_period_intra < 5 seconds.
On the other hand, we assume that UE is not configured with MG in HST. Thus, the total measurement period for deactivated SCell and intra-frequency without MG are provided in Table 5 and Table 6, respectively. Note that, for the inter frequency without MG, the requirement is same as intra-frequency. Besides, to make the analysis easier, some assumptions are provided in the following.
· Deactivated SCell: the periodicity of DRX cycle is assumed to 20 ms
· Intra-frequency without MG: the periodicity of SMTC is assumed to 20 ms
According to the Observation 2, we can observe that some cases marked by green color in Table 5 and Table 6 are the valid in HST.
[bookmark: _Ref78384189][bookmark: _Ref67993547]Table 5. Total measurement time for the deactivated SCell based on number of CC and measCycle:
(Unit: second; assume DRX cycle = 20ms)
	measCycle
	160 ms
	256 ms
	320 ms
	512 ms
	640 ms
	1024 ms
	1280 ms

	1 CC
	2.08
	3.328
	4.16
	6.656
	8.32
	13.312
	16.64

	2 CCs
	4.16
	6.656
	8.32
	13.312
	16.64
	26.624
	33.28

	3 CCs
	6.24
	9.984
	12.48
	19.968
	24.96
	39.936
	49.92

	4 CCs
	8.32
	13.312
	16.64
	26.624
	33.28
	53.248
	66.56

	5 CCs
	10.4
	16.64
	20.8
	33.28
	416
	66.56
	83.2

	6 CCs
	12.48
	19.968
	24.96
	46.592
	49.92
	79.872
	99.84

	7 CCs
	14.56
	23.296
	29.12
	53.248
	58.24
	93.184
	116.48



[bookmark: _Ref78384190]Table 6. Total measurement time for the intra-frequency without MG based on number of CC and DRX cycle:
 (Unit: second; assume SMTC = 20ms; for convenience, we only provide the value when DRX cycle <= 512 ms)
	DRX
cycle
	10 ms
	20 ms
	32 ms
	40 ms
	60 ms
	64 ms
	70 ms
	80 ms
	128 ms
	160 ms
	256 ms
	320 ms
	512 ms

	1 CC
	0.92
	0.92
	0.92
	0.92
	1.08
	1.112
	1.16
	1.24
	1.664
	2.08
	3.072
	3.84
	5.632

	2 CCs
	1.84
	1.84
	1.84
	1.84
	2.16
	2.224
	2.32
	2.48
	3.328
	4.16
	6.144
	7.68
	11.264

	3 CCs
	2.76
	2.76
	2.76
	2.76
	3.24
	3.336
	3.48
	3.72
	4.992
	6.24
	9.216
	11.52
	16.896

	4 CCs
	3.68
	3.68
	3.68
	3.68
	4.32
	4.448
	4.64
	4.96
	6.656
	8.32
	12.288
	15.36
	22.528

	5 CCs
	4.6
	4.6
	4.6
	4.6
	5.4
	5.56
	5.8
	6.2
	8.32
	10.4
	15.36
	19.2
	28.16

	6 CCs
	5.52
	5.52
	5.52
	5.52
	6.48
	6.672
	6.96
	7.44
	9.984
	12.48
	18.432
	23.04
	33.792

	7 CCs
	6.44
	6.44
	6.44
	6.44
	7.56
	7.784
	8.12
	8.68
	11.648
	14.56
	21.504
	26.88
	39.424



Thus, according to Table 5 and Table 6, we have the following proposal:
[bookmark: _Ref78395003]Proposal 4: For HST in FR1, RAN4 needs to further study the number of cells can be configured subject to the total measurement period, i.e., TPSS/SSS_sync_intra + TSSB_time_index_intra + T SSB_measurement_period_intra, < 5 seconds.

3 Summary
In this paper, the discussion of R17 HST in FR1 is provided. We have the following proposal:
Observation 1: 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: RAN4 needs to confirm whether L1-SINR measurement is applicable for HST or not. If not, then RAN4 should clearly state the L1-SINR measurement requirement is not applicable for HST in TS 38.133.
Proposal 2: If RAN4 doesn’t confirm the L1-SINR measurement is not applicable for HST, then 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.
Proposal 3: In R17 HST, for Scell link recovery, no limitation on the number of band(s) in the spec, i.e., it depends on network configuration.
•	The same requirement of Scell link recovery is applied for non-HST and HST.
•	Performance degradation may occur when evaluation period is longer than 5 secs in HST. 
Observation 2: For HST, the measurement is valid if TPSS/SSS_sync_intra + TSSB_time_index_intra + T SSB_measurement_period_intra < 5 seconds.
Proposal 4: For HST in FR1, RAN4 needs to further study the number of cells can be configured subject to the total measurement period, i.e., TPSS/SSS_sync_intra + TSSB_time_index_intra + T SSB_measurement_period_intra, < 5 seconds.
