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Introduction
In this contribution we discuss enhancements for high speed operation and use a similar analysis to one we used in LTE high speed to evaluate the necessary requirements and ISDs that can be supported for 500km/h.
Discussion
Requirements for idle mode
We begin by looking at the legacy requirements for intrafrequency measurement in idle mode (i.e. non high speed requirements from release 15). From TS38.133 section 4.2 we tabulate the minimum requirements for Tevaluate and Tdetect in table 1, assuming that M=1
	Tdrx
	
	Tevaluate(ms)
	Tidentify(ms)

	320
	
	5120
	11520

	640
	
	5120
	17920

	1280
	
	6400
	32000

	2560
	
	7680
	58880


Table 1: UE minimum intrafrequency measurement requirements in idle mode
Intuitively, it should be kept in mind that the UE velocity is around 138m/s, so it will move from the cell centre to the cell edge (500m) in 3.6s. Considering the values for Tevaluate and Tidentify in table 1, it looks infeasible even to operate with 320ms idle DRX cycle with 1000m ISD since the UE travels greater than the distance from cell centre to cell edge in one Tevaluate period. This is illustrated in table 2 which shows the distance travelled in each of these periods assuming 500km/h constant speed. On the otheriyhand, even shorter than 1000m ISD has been discussed within the context of demod for the distance  between RRH. Since the distance between the last RRH in an SFN area and the first RRH in the next SFN area can be expected to be similar, operation with 1000m ISD or even less does not seem unlikely.
	Tdrx
	D_evaluate(m)
	D_identify(m)

	320
	711.1
	1600.0

	640
	711.1
	2488.9

	1280
	888.9
	4444.4

	2560
	1066.7
	8177.8


Table 2: Distance travelled during UE minimum intrafrequency measurement requirements in idle mode
Considering table 2, if small ISD (eg 1000m is to be supported even with 320ms DRX), the idle minimum requirements would need to be very substantially enhanced. A start would be to reuse similar to cDRX RRC connected requirements for cell identification and measurement period. For example, if  Tevaluate was 3 DRX cycles, and Tdetect was 5+3=8DRX cycles. The basis for this candidate proposal is that cell detection in cDRX is feasible in 5 DRX cycles, and a 3 DRX cycle evaluation period was earlier used in LTE. Separately we provide link level simulation accuracy results which indicate a 3 sample measurement period (Tevaluate) could be feasible for NR HST.
Candidate proposal 1 : Tevaluate is 3 DRX cycles, and Tdetect is 5+3=8DRX cycles for NR high speed enhancement in idle mode
Following a similar analysis as in [1], we derive ISD which could be supported for different DRX cycles under the candidate proposal as shown in table 1
	DRX
	Supported ISD under candidate proposal 1 (metres)

	320ms
	2100

	640ms
	4200

	1280ms
	8300

	2560ms
	N/A (>10km)


Table 3 : Supported ISD under candidate proposal 1 following similar analysis as [1]

We observe that even with candidate proposal 1 (which represents  a very significant enhancement compared with legacy idle mode requirements), it is not practical to support 1000m ISD in idle mode even with 320ms DRX cycle. Considering that Tdetect is 2.56s and the UE moves 353m in this time and the distance from the centre to edge of cell is 500m, it is not surprising that the delay performance is still not sufficient to support 1000m ISD.
It is also important to emphasise that for this scenario, the UE measures and reselects autonomously. Providing denser RS can help UE power consumption (such as 20ms SMTC which in the legacy requirements allows M=1 operation), since it more closely aligns the SMTC with the paging occasion, but fundamentally the UE performance is limited in table 3 by the UE only measuring once per DRX cycle. In idle mode the network cannot configure shorter than 320ms idle DRX cycle. Hence we propose
Proposal 2: If candidate proposal 1 is insufficient considering expected NR high speed deployments then RAN4 needs to consider UE requirements based on more than one measurement and PSS/SSS detection attempt per DRX cycle. 
For example, assuming serving frequency measurement once per 160ms would enable high speed operation with enhanced requirements. Clearly there is a negative impact to UE power consumption, however this appears to the only way to develop reselection requirements which will work with 500km/h speed in relatively small cells.
At any rate it seems reasonable to exclude enhancement for 2.56s DRX cycle as was done for LTE.
Proposal 3: Enhanced requirements are not developed for 2.56s DRX cycle in idle with 500km/h UE speed
How to capture P3 in specifications can still be further discussed.
Conclusions
In this contribution we discuss necessary Tevaluate and Tdetect for 500km/h UE velocity. Noting that the legacy RRM requierments are far from suitable for reasonable ISD (UE will travel between 1.6km and 4.4km during Tdetect for DRX cycles between 320ms and 1.28s), we make a candidate proposal for enhancement based on cDRX requirements:
Candidate proposal 1 : Tevaluate is 3 DRX cycles, and Tdetect is 5+3=8DRX cycles for NR high speed enhancement in idle mode
Even this proposal may not be sufficient for planed high speed deployments; in this case RAN4 may need further discussion according to the following proposal. 
Proposal 2: If candidate proposal 1 is insufficient considering expected NR high speed deployments then RAN4 needs to consider UE requirements based on more than one measurement and PSS/SSS detection attempt per DRX cycle. 
Proposal 3: Enhanced requirements are not developed for 2.56s DRX cycle in idle with 500km/h UE speed
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