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1. Introduction

The WI [1] on NR HST was approved during last meeting. There are still some open issues in this WI. This contribution provides further discussion on the remaining open issues.
2. Discussion
· Cell reselection requirements in idle mode and inactive mode

In RAN4#93 meeting, it is agreed that Cell re-selection requirements in NR HST can be specified as below. Whether to keep M2, M3 and M4 with DRX=320ms is still open.
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	[2.56 x M2 (8 x M2)]
	[0.32 x M3 (1 x M3)]
	[0.96 x M4 (3 x M4)]

	0.64
	[5.12 (8)]
	[0.64 (1)]
	[1.92 (3)]

	1.28
	[8.96 (7)]
	[1.28 (1)]
	[3.84 (3)]

	2.56
	[58.88 (23)]
	[2.56 (1)]
	[7.68 (3)]

	Note 1:
FFS whether to keep M2, M3, M4


There are some options from last meeting [1].

	· Whether to keep M2, M3, M4 for cell re-selection with DRX cycle =0.32s:

· Option 1 (NOKIA,): remove M2, M3, M4 without restriction on SMTC period

· Option 2 (QC, vivo, Samsung, Intel, HW): When SMTC < 40, remove M2, M3, M4; when SMTC >= 40, M2 = 1.5, M3 = M4 = 2

· Option 3 (CMCC, Apple, QC, Intel, vivo, CATT, MTK): When SMTC < =40, remove M2, M3, M4; when SMTC >40, M2 = 1.5, M3 = M4 = 2

· Option 4 (Ericsson, QC): When SMTC < =40, remove M2, M3, M4; when SMTC >40, M2 = 1.5, M3 = M4 = 2. Adding notes in the requirements, e.g. “Note x : Operation with scaling factor M=1.5, M=2 may not be sufficient in all high speed deployments considered in this release of the specifications”




As we know, the Tdetect is comprised of Tevaluate and Tdetection in idle mode, then the PSS/SSS detection time is 5*DRX which is the same as in RRC connected mode. Then the power assumption is the same as in RRC connected mode as well. Currently the measurement period is specified as one DRX cycle for NR HST.  If the SMTC is 160ms, there are 2 measurement opportunities. UE uses one SMTC for AGC and the other one is for measurement. In this situation there is no any opportunity for power saving. The motivation of introducing M2 is to consider some degree of power saving. In our view, the M2, M3 and M4 shall be kept for NR HST as the power consumption for idle mode is the same as connected mode. However considering the progress of the WI, maybe option 3 is an acceptable compromise option.
Proposal 1: In cell reselection, when SMTC < =40, remove M2, M3, M4; when SMTC >40, M2 = 1.5, M3 = M4 = 2.
· Measurement requirements in connected mode in NR
There are two issues for the measurement period in connected mode in NR HST. One issue is how many the sample numbers, the other one is whether the relaxation factor is kept for DRX cycle <= 0.32s.
In the non-HST scenario, the measurement needs 5 samples. The margin is very limited. Moreover the side condition for measurement is -6dB, this is not high. UE needs multiple samples to ensure the robust of measurement result. The introduction of 1.5 relaxation factor is due to the case the SMTC offset and DRX-ON is misalignment. Even in high speed scenario, the power saving in connect mode shall also be considered. We think the samples number and the scalling factor shall be considered in a package. 
In the current discussion under NR HST, the cases of DRX cycle < 0.32s, DRX cycle = 0.32s and DRX cycle >0.32s are discussed separately. In order to simplify the discussion and align the existing measurement requirements. We suggest the following option:
· DRX cycle≤ 320ms, the sample number is 4 samples, 1.5 relaxation factor is kept;
· DRX cycle>320ms, the sample number is 4 samples.
Proposal 2:  The measurement period for NR HST be specified as below,

· DRX cycle≤ 320ms, the sample number is 4 samples, 1.5 relaxation factor is kept;
· DRX cycle>320ms, the sample number is 4 samples.
· RLM

It is agreed that reuse Rel-15 RLM requirements for NR HST. There is no enhancement for RLM procedure and requirements. The left open issue is whether 1.5x relaxation factor shall be used. As the measurement requirement, the introduction of factor 1.5 is due to the misalignment of DRX and SSB. Furthermore the faster RLM monitoring is not expected for NR HST. As the path trajectory is fixed in high speed trail rain, even RLF is detected for example the train enters into a tunnel, it is no need to declare RLF since the channel quality will become better later. Thus we think the 1.5x shall be kept for RLM in NR HST.
Proposal 3: 1.5x shall be kept for RLM in NR HST.
· Beam management requirements 
· L1-RSRP measurement
In R-15, the L1-RSRP period can be one shot if timeRestrictionForChannelMeasurement is indicated or 3 samples filter without timeRestrictionForChannelMeasurement indication. In HST scenario, in order to fasten the L1-RSRP measurement, network can configure timeRestrictionForChannelMeasurement to obtain one shot measurement.
Proposal4: In NR HST scenario, network is suggested to configure timeRestrictionForChannelMeasurement to perform L1-RSRP measurement.

· CBD
In R-15, the evaluation period for CBD is 3 available samples. To consider the robust of the CBD evaluation, it is better to remain the current requirements in HST.
· BFD

UE needs to monitor the downlink radio link quality of beams in serving cell. For HST scenario, we don’t think the evaluation sample can be reduced since the existing evaluation period for BFD has already considered the performance robustness and time validity. The possible scheme is to configure the appropriate SSB periodicity and DRX cycles.
In addition, as the network for high speed train is dedicated network, even if the channel quality degraded in some areas, the channel will recover latter. For example UE can configure appropriate value of “beamFailureDetectionTimer” and “beamFailureInstanceMaxCount”. Regarding the 1.5x factor, the same principle as measurement and RLM, that is keeping 1.5x.
In summary, the existing requirements for L1-RSRP measurement, CBD and BFD can be reused for HST (including SSB and CSI-RS based).
Proposal 5: The existing requirements for L1-RSRP measurement, CBD and BFD can be reused for HST (including SSB and CSI-RS based).
· Inter-RAT measurement 
In high speed scenario, UE still needs to perform NR to EUTRA inter-RAT measurements (in NR SA) and the EUTRA-NR measurement (before EN-DC). In the initial phase of NR deployment, the NR coverage may be not so sufficient. Thus in order to guarantee the coverage continuity, the inter-RAT measurement between EUTRA and NR is important. 
· NR- EUTRA Inter-RAT measurement 
For LTE cell reselection, there are PSS/SSS resources per 5ms. There are multiple PSS/SSS detection and measurement opportunities within one DRX cycle. In LTE R16 HST, the intra-frequency cell reselection requirement is defined as below,
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	2.56 (8)
	0.32(1)
	0.96(3)

	0.64
	5.12 (8)
	0.64 (1)
	1.92 (3)

	1.28
	8.96 (7)
	1.28 (1)
	3.84 (3)

	2.56 
	58.88 (23)
	2.56 (1)
	7.68 (3)


For NR-LTE cell reselection, as there are enough opportunities to measurement, R16 EUTRA HST enhanced cell reselection requirements can be reused for NR to EUTRA inter-RAT cell reselection.
Proposal 6: R16 EUTRA HST enhanced cell reselection requirements can be reused for NR to EUTRA inter-RAT cell reselection.
For NR-LTE inter-RAT cell identification, firstly the CSSF factor shall be considered since the inter-RAT LTE measurement frequency participate the competition of measurement gaps. The CSSFinter-RAT shall be CSSFwithin gap. Secondly the sample number can reuse the sample numbers of LTE HST. The cell identification requirements for NR HST can be descripted as below,

	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

	 
	Gap period = 40 ms, 20 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.256
	3.84* CSSFinterRAT (15*CSSFinterRAT)
	3.84*K (15*CSSFinterRAT)

	0.32
	4.8*CSSFinterRAT (15*CSSFinterRAT)
	4.8*K (15*CSSFinterRAT)

	0.32< DRX-cycle ≤10.24
	Note1 (20*CSSFinterRAT)
	Note1 (20*CSSFinterRAT)

	NOTE 1:
The time depends on the DRX cycle length.
NOTE 2:
 CSSFinterRAT is as defined in clause 9.4.3.2.


Proposal 7: For NR-EUTRA inter-RAT measurement, the cell identification requirements for NR HST can be descripted as below,
	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

	 
	Gap period = 40 ms, 20 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.256
	3.84* CSSFinterRAT (15*CSSFinterRAT)
	3.84*K (15*CSSFinterRAT)

	0.32
	4.8*CSSFinterRAT (15*CSSFinterRAT)
	4.8*K (15*CSSFinterRAT)

	0.32< DRX-cycle ≤10.24
	Note1 (20*CSSFinterRAT)
	Note1 (20*CSSFinterRAT)


· EUTRA- NR Inter-RAT measurement
For LTE-NR inter-RAT cell reselection, UE needs to retune RF to the NR carrier, then the AGC adjustment time shall be considered. Similarly the AGC adjustment time shall be considered in PSS/SSS detection and measurement requirements in connect mode. According to the discussion in NR R15, the AGC adjustment time is specified as 3 samples. Thus at least 3 samples for AGC adjustment shall be considered in cell reselection in idle mode and cell identification/measurement in connected mode for NR HST.
The cell reselection requirements for EUTRA-NR inter-RAT can be specified as below. Whether M2, M3 and M4 shall be kept can follow the conclusion of the intra-frequency NR cell reselection. 
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	[3.52 x M2 (11 x M2)]
	[0.32 x M3 (1 x M3)]
	[0.96 x M4 (3 x M4)]

	0.64
	[7.04 (11)]
	[0.64 (1)]
	[1.92 (3)]

	1.28
	[12.8 (10)]
	[1.28 (1)]
	[3.84 (3)]

	2.56
	[58.88 (23)]
	[2.56 (1)]
	[7.68 (3)]

	Note 1:
FFS whether to keep M2, M3, M4


Proposal 8: The EUTRA-NR inter-RAT cell reselection requirements in NR HST can be specified as below,

	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	[3.52 x M2 (11 x M2)]
	[0.32 x M3 (1 x M3)]
	[0.96 x M4 (3 x M4)]

	0.64
	[7.04 (11)]
	[0.64 (1)]
	[1.92 (3)]

	1.28
	[12.8 (10)]
	[1.28 (1)]
	[3.84 (3)]

	2.56
	[58.88 (23)]
	[2.56 (1)]
	[7.68 (3)]


Proposal 9: The EUTRA-NR inter-RAT cell identification requirements in NR HST shall considers additional time for AGC adjustment.
3. Conclusions

This contribution provides the discussion on RRM requirements on NR HST. The proposals are provided as below,
Proposal 1: In cell reselection, when SMTC < =40, remove M2, M3, M4; when SMTC >40, M2 = 1.5, M3 = M4 = 2.
Proposal 2:  The measurement period for NR HST be specified as below,

· DRX cycle≤ 320ms, the sample number is 4 samples, 1.5 relaxation factor is kept;
· DRX cycle>320ms, the sample number is 4 samples.
Proposal 3: 1.5x shall be kept for RLM in NR HST.
Proposal4: In NR HST scenario, network is suggested to configure timeRestrictionForChannelMeasurement to perform L1-RSRP measurement.

Proposal 5: The existing requirements for L1-RSRP measurement, CBD and BFD can be reused for HST (including SSB and CSI-RS based).
Proposal 6: R16 EUTRA HST enhanced cell reselection requirements can be reused for NR to EUTRA inter-RAT cell reselection.
Proposal 7: For NR-EUTRA inter-RAT measurement, the cell identification requirements for NR HST can be descripted as below,
	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

	 
	Gap period = 40 ms, 20 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.256
	3.84* CSSFinterRAT (15*CSSFinterRAT)
	3.84*K (15*CSSFinterRAT)

	0.32
	4.8*CSSFinterRAT (15*CSSFinterRAT)
	4.8*K (15*CSSFinterRAT)

	0.32< DRX-cycle ≤10.24
	Note1 (20*CSSFinterRAT)
	Note1 (20*CSSFinterRAT)


Proposal 8: The EUTRA-NR inter-RAT cell reselection requirements in NR HST can be specified as below,

	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	[3.52 x M2 (11 x M2)]
	[0.32 x M3 (1 x M3)]
	[0.96 x M4 (3 x M4)]

	0.64
	[7.04 (11)]
	[0.64 (1)]
	[1.92 (3)]

	1.28
	[12.8 (10)]
	[1.28 (1)]
	[3.84 (3)]

	2.56
	[58.88 (23)]
	[2.56 (1)]
	[7.68 (3)]


Proposal 9: The EUTRA-NR inter-RAT cell identification requirements in NR HST shall considers additional time for AGC adjustment.
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