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Introduction
In this contribution we address and provide views on the remaining open issues to complete the work on NR high speed RRM requirements. The way forward was agreed in [1]. 
Discussion
In deriving high speed requirements for NR, the following factors need to be considered in possible priority order
1. The enhanced requirement needs to be practically implementable considering the number of samples fundamentally necessary for PSS/SSS detection and SSS measurement period. Clearly, if the link level performance does not facilitate enhanced performance, there is no way to enhance the requirement.
2. It should be possible to implement measurements on the UE with acceptable power consumption especially for idle mode or cDRX with long DRX. By this, we mean that the UE does not have to wake up more than once per DRX cycle, however it is also not reasonable to expect the same power consumption as non-enhanced requirements. 
3. The enhanced requirement should meet the needs of the system at 500km/h. Note that this is a lower priority than 1 and 2 because the network has the option to configure a shorter DRX cycle or other parameters, and the enhanced requirement with longer DRX may still be useful for other deployments (such as larger ISD)
Idle mode requirements
In [1], most issues for idle mode are settled, with the basic approach that Cell re-selection requirements specified in Rel-16 LTE HST WI can be reused for NR HST. 
	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



The outstanding issue is that it is FFS whether to keep M2, M3 and M4. In release 15, M2,M3,M4 is a scaling factor such that M= 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. It was introduced in release 15 NR to address power consumption concerns if the paging reception occasion is significantly misaligned with the SMTC, and is only applicable for 320ms DRX cycle.
In [2] we discussed that , if small ISD (e.g. 1000m) is to be supported even with 320ms DRX, the idle minimum requirements would need to be very substantially enhanced.  Considering that the relative importance of good power consumption versus performance relaxation should be different for high speed operation, it is clear that a relaxation of 1.5x delay may cause reselection problems. One way to force M=1 with 320ms DRX cycle for legacy UEs is to configure SMTC periodicity = 20ms. This will be a common choice since it is the assumption for initial search, but it is also limiting on the network if 20ms SMTC period always needs to be configured to obtain the necessary performance. On the other hand, it seems unreasonable to expect the UE to have very high power consumption due to the misalignment of paging occasion and SMTC, and in high speed scenarios the network should provide some assistance to facilitate the high speed operation. Hence we propose a compromise
Proposal 1 : M2, M3 and M4 are not kept (or equivalently set equal to 1)
Proposal 2: Applicability of requirements for idle high speed operation excludes at least 160ms SMTC periodicity (80ms FFS)
Requirements in non DRX
The remaining open issue in [1]is time index reading. For this topic, our view is that time index reading was based on simulation in release 15, and similar performance would result in an AWGN channel with high doppler. Therefore there seems little scope to improve time index reading shorter than 3 samples. It could be considered to reduce the fixed 120ms term from the max() formulation when high speed enhancement is indicated, which would allow better performance (60ms requirement) when 20ms SMTC period is used.
Proposal 3 : The enhanced requirement for time index reading is max([120 OR 60]ms, ceil( 3 x Kp ) x SMTC period)
cDRX requirements
There are several open issues with cDRX requirements, which are captured in the agreed way forward
	For DRX cycle ≤ 320ms 
FFS whether 3 or 5 samples shall be used for measurement period
[5] samples shall be used for cell detection
FFS whether 1.5x relaxation factor shall be used
For DRX cycle > 320ms
Option 1: measurement period is enhanced from 5 samples to 3 samples
Option 2: no enhancement
Other option is not precluded
FFS if requirements for all SMTC periodicities shall be enhanced



Fundamentally the two open issues are whether to apply the 1.5x relaxation factor for DRX cycle ≤ 320ms and whether to use 3 or 5 sample measurement period
For the relaxation factor, a similar approach as for idle mode should apply, so we propose
Proposal 4 : cDRX 1.5x relaxation factor is  not kept 
Proposal 5: Applicability of requirements for cDRX high speed operation excludes at least 160ms SMTC periodicity (80ms FFS)
For the measurement period, we studied this in [3] and concluded that 3 samples would be sufficient to meet measurement accuracy requirements, with only a small reduction in measurement accuracy (in the range 0.25-0.4dB).
Proposal 6 : 3 samples is used for measurement period
interRAT requirements
The scenario for interRAT measurements is slightly different than the scenario for intra-NR measurements. Our assumption is that LTE and NR coverage must necessarily overlap for either SA or EN-DC operation, and as such, interRAT mobility may therefore be slightly less time critical than reselection or handover within a RAT (either NR or LTE), since there is not a single point at which it ideally needs to happen. On the other hand, if reselection, PSCell addition or handover is too slow, the UE may always fail to access the NR resource before it becomes undetectable and  so some enhancement is justified. For example, a cell detection requirement for 1.28s DRX of 23 DRX cycles implies that the UE would take up to 29.44 seconds to detect a cell, during which time it has moved >4km at 500 km/h. Hence legacy requirements are not sufficient.
In the way forward [1], different sections are provided for interRAT requirements for EN-DC preparation and for SA. However, the UE is not aware for which scenario (EN-DC preparation or SA) interRAT measurements are being configured, and the requirements for both cases therefore need to be the same.
Observation 1 : The requirements for interRAT high speed measurements cannot be different for SA and EN-DC preparation
For interRAT reselection, measurement gaps are not used. Since LTE uses the same idle DRX cycles as NR, we propose 
Proposal 7 : For interRAT reselection, reuse the same reselection requirements as for enhanced NR intrafrequency reselection. M2, M3 and M4 are not kept (or equivalently set equal to 1)
For RRC connected mode measurements, the main technical difference is that interRAT measurements involve retuning and are always performed in measurement gaps. Hence the basic approach of reusing NR requirements can apply, but the sample rate will become max(MGRP,SMTC period). It is natural that something similar to proposal 5 would be applied to gap periodicity in non-DRX measurements
Proposal 8: Applicability of requirements for RRC connected non-DRX high speed operation excludes at least 160ms MGRP periodicity (80ms FFS)
 With proposal 7 and appropriate sample rate, the  
Proposal 9: Non DRX requirements for interRAT measurements are 
Time period for PSS/SSS detection is max( 600ms, ceil( 5 x Kp) x max(MRGP,SMTC period ))
Time period for time index detection is max(120ms, ceil( 3 x Kp ) x max(MGRP,SMTC period))
Measurement period is max(200ms, ceil( 3 x Kp) x max(MGRP,SMTC period))

Similarly, DRX based requirements can reuse the NR intrafrequency requirements with appropriate considerations on MGRP.
Proposal 10: Non DRX requirements for interRAT measurements are 
Time period for PSS/SSS detection is max( 600ms, ceil( 5 x Kp) x max(MRGP,SMTC period, DRX period ))
Time period for time index detection is max(120ms, ceil( 3 x Kp ) x max(MGRP,SMTC period, DRX period))
Measurement period is max(200ms, ceil( 3 x Kp) x max(MGRP,SMTC period))


Conclusions
Proposal 1 : M2, M3 and M4 are not kept (or equivalently set equal to 1)
Proposal 2: Applicability of requirements for idle high speed operation excludes at least 160ms SMTC periodicity (80ms FFS)
Proposal 3 : The enhanced requirement for time index reading is max([120 OR 60]ms, ceil( 3 x Kp ) x SMTC period)

Proposal 4 : cDRX 1.5x relaxation factor is  not kept 
Proposal 5: Applicability of requirements for cDRX high speed operation excludes at least 160ms SMTC periodicity (80ms FFS)
Proposal 6 : 3 samples is used for measurement period

Observation 1 : The requirements for interRAT high speed measurements cannot be different for SA and EN-DC preparation
Proposal 7 : For interRAT reselection, reuse the same reselection requirements as for enhanced NR intrafrequency reselection. M2, M3 and M4 are not kept (or equivalently set equal to 1)

Proposal 8: Applicability of requirements for RRC connected non-DRX high speed operation excludes at least 160ms MGRP periodicity (80ms FFS)
Proposal 9: Non DRX requirements for interRAT measurements are 
Time period for PSS/SSS detection is max( 600ms, ceil( 5 x Kp) x max(MRGP,SMTC period ))
Time period for time index detection is max(120ms, ceil( 3 x Kp ) x max(MGRP,SMTC period))
Measurement period is max(200ms, ceil( 3 x Kp) x max(MGRP,SMTC period))

Proposal 10: Non DRX requirements for interRAT measurements are 
Time period for PSS/SSS detection is max( 600ms, ceil( 5 x Kp) x max(MRGP,SMTC period, DRX period ))
Time period for time index detection is max(120ms, ceil( 3 x Kp ) x max(MGRP,SMTC period, DRX period))
Measurement period is max(200ms, ceil( 3 x Kp) x max(MGRP,SMTC period))
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