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Introduction
In this contribution we develop an analysis framework based on free space path loss considerations, and the rate of change of RSRP at the cell edge for different sizes of cell (ISD). Based on this we examine legacy requirements for NR SpCell in non SRX. We examine the suitability of detection and measurement periods for:
· SpCell in RRC connected state at speeds up to 500km/h

Discussion
System level analysis framework
In this section we present a system model which we will use to evaluate the necessity of improvements to RRM requirements to support UE speeds up to 500 km/h. The approach is less thorough than system level simulation but more formal than the “moving time” analysis that has been previously presented in RAN4.
We start by defining UE speed vue  in metres per second, with the convention that positive velocity is velocity away from the basestation, and we define intersite distance as ISD. For an SFN deployment, ISD should be interpreted as the distance between the last radio node in one SFN area and the first radio node in the adjacent SFN area. In the analysis we assume constant speed UEs, so if a UE passes a basestation transmitter at time t=0, its subsequent distance from that basestation is simply
x(t)=vue ∙ t
For freespace propagation and penetration into a vehicle such as train, the pathloss may be modelled as 
PLFS (d,f) = Lpenetration(f)+ 20 log10(d)+20*log10(f)+32.54 where d is in units of m, and f is frequency in GHz.
Lpenetration is the loss due to the UEs being inside the train carriage (frequency dependent).
The RSRP experienced by a UE at a distance d may thus be expressed as
RSRP(d,f)= PSSB – PLFS(d,f) = PSSB - Lpenetration(f)– 20 log10(d)-20*log10(f)-32.54
Where PSSB is the SSB transmission power in dBm/SSB SCS. Strictly for an SFN network, we should sum the RSRP contribution from all SFN nodes along with their respective distances d1…dN however for simplicity in the analysis we assume the RSRP to be dominated by a single SFN node at the edge of the SFN area, since all other SFN nodes are at a distance of at least 3xISD from the UE.
We can now substitute x(t) to derive RSRP as a function of time as the UE moves away from a cell at constant speed
RSRP(t,f) = PSSB - Lpenetration(f)– 20 log10(vue t)-20*log10(f)-32.54 																		(1)
Since the rate of change of RSRP is also of interest, we differentiate with respect to time, noting that most of the terms in (1) except the 20log10(…) term are constant w.r.t time
From this we derive RSRP’(t)=-20/ln(10) ∙(1/t)																							(2)
Specifically, it can be noted that the derivative (rate of change) of RSRP is independent of frequency, although naturally the pathloss is higher on higher frequency bands, and that it has a 1/t (or equivalently 1/d due to constant speed assumption) dependency on time (and distance) from the basestation.
Without hysteresis, L3 filtering or time to trigger configuration, the handover will ideally be triggered at time t= 0.5xISD / vue since the cell radius is ISDx0.5. Hence the ideal RSRP and rate of change of RSRP at the ideal handover point is
RSRP (at ideal handover) = PSSB- Lpenetration – 20 log10( 0.5xISD)  -20*log10(f)-32.54					(3)
RSRP’(at ideal handover)=-20/ln(10).( vue /0.5xISD)															(4)
Analysis of necessary requirements
From equation (4), it can be seen that the rate of change of RSRP (eg in dB per second) depends on the UE velocity (eg in metres per second) relative to 0.5xISD. 0.5xISD is simply the radius of the source (and target) cells. On different frequency bands, the rate of change of RSRP is the same, based on the assumption of free space path loss.
The most important parameters for RRM requirements are cell detection time, Tidentify and measurement period Tmeasure. For successful cell identification to trigger the handover, side conditions are also relevant. If we assume a simple 2 cell model, and no other noise or interference, cell detection can be successfully performed when RSRPtarget>(RSRPsource-6) dB.  Around the handover area, the source cell will have RSRPsource reducing at rate -20/ln(10).( vue /0.5xISD) and the target cell has RSRPtarget increasing at rate 20/ln(10).( vue /0.5xISD). Hence, we assume for successful identification of target before handover should be possible if the following condition applies (looking from serving cell perspective, which is falling)
0≥Tidentfy∙RSRP’(at ideal handover) ≥ -3dB															(Cond 1)
For already identified cells, a similar approach can be taken. Since RSRP relative accuracy is ±3dB, we follow a similar approach and it seems reasonable to assume that measurement will give a reasonably accurate indication of cell usability and ranking if the rate of change of RSRP (for one cell) is less than around 1.5dB during the Tmeasure period. 	
0≥Tmeasur∙RSRP’(at ideal handover) ≥ -0.75dB															(Cond 2)

The next step is to substitute RSRP’(at ideal handover) from the previous section. This gives the following conditions
Identify∙-20/ln(10).( vue /0.5xISD)≤ 3dB																(Cond1a)
Tmeasure∙-20/ln(10).( vue /0.5xISD)≤ 1.5dB																(Cond2a)
Conditions 1a and 2a are readily evaluated to verify the suitability of requirements for different conditions (eg different UE speed, different ISD, different UE requirements due to DRX etc.)
Requirements for non-DRX
We begin by looking at the legacy requirements for intrafrequency measurement. From TS38.133 section 9.2
Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra) ms
Tidentify_intra_with_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra + TSSB_time_index_intra) ms
For simplicity we will assume that for intrafrequency HST, Tidentify_intra_without_index applies. One justification is that in an SFN network good synchronisation between the SFN nodes is necessary, and likely neighbour SFN areas may be synchronised as well.
TPSS/SSS_sync_intra =max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra
T SSB_measurement_period_intra= max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra
For simple analysis we will also assume CSSFintra=Kp=1. This could represent mobility using PCell measurements with no gap pattern configured. For this configuration, the numerical Tidentify_without_index and Tmeasurement_period are as shown in table 1
	Tsmtc (ms)
	Tmeasure
(ms)
	Tidentify
(ms)

	20
	200
	800

	40
	200
	800

	80
	400
	1000

	160
	800
	1600


Table 1: UE minimum intrafrequency measurement requirements with no time index reading, CSSF=1 and Kp=1


In table 2 and 3, we evaluate the dB change in one cell during Tidentify and Tmeasure for different ISD and SMTC period. Entries highlighted in red are for cases where condition 1a/1b is not met.
	
	ISD
	500
	1000
	1500
	2000

	Tsmtc
	
	
	
	
	

	20
	
	3.860395
	1.930198
	1.286798
	0.965099

	40
	
	3.860395
	1.930198
	1.286798
	0.965099

	80
	
	4.825494
	2.412747
	1.608498
	1.206374

	160
	
	7.720791
	3.860395
	2.573597
	1.930198


Table 2 : dB change in one cell during Tidentify at 500km/h
	
	ISD
	500
	1000
	1500
	2000

	Tsmtc
	
	
	
	
	

	20
	
	0.965099
	0.482549
	0.3217
	0.241275

	40
	
	0.965099
	0.482549
	0.3217
	0.241275

	80
	
	1.930198
	0.965099
	0.643399
	0.482549

	160
	
	3.860395
	1.930198
	1.286798
	0.965099


Table 3 : dB change in one cell during Tmeasure at 500km/h

From the table 1 and table 2 we observe
Observation 1 : Legacy cell identification and measurement requirements are sufficient for all ISD≥1000m at 500km/h except for 160ms SMTC
While the RRM performance is mostly sufficient in this case, there are also many variables in NR. Specifically, performance may not be sufficient with a larger CSSF or Kp value, which may be relevant for practical operation. So we next consider what possibilities exist for either UE or network to enhance the mobility performance.
UE enhancements
For non-DRX operation, the scope of UE enhancements seems quite limited. Unlike LTE CRS, the UE can only assume that mobility signals are transmitted with Tsmtc periodicity, and largely this either provides sufficient performance for mobility or it does not. The PSS_SSS sync requirement was derived from RAN4 link level simulations. While there is some implementation margin, it is also true that RAN4 simulations are idealistic. Moreover, further link level cell detection simulations are being performed in RAN4 with simulated frequency error for high speed cells, and this will not improve the performance. Hence
Observation 2 : There is limited scope to improve TPSS/SSS_sync_intra for non-DRX RRC connected UEs
Measurement period enhancement could be considered, whereby the measurement accuracy is traded for a shorter measurement period such as 3 samples instead of 5. Based on link level simulation results, this appears feasible and could be considered
Proposal 1 : Measurement period is enhanced to 3 samples for non DRX operation in high speed
Another area of possible improvement is to specify more baseband searcher capability for Scell measurements. However, our expectation is that it would be difficult to agree as part of the release 16 high speed work item due to the significant UE hardware changes that would be needed to support this. 

Network configuration
In NR there is more scope for the high speed network to provide suitable mobility enhancement, albeit at some cost such as transmitting more SSBs. Some of the following approaches can be considered
1. Using sufficiently short Tsmtc
2. Avoiding configuring partially or fully overlapping gaps for intrafrequency measurement objects that can be measured without gaps
3. Avoiding configuring too many SCells

The network approaches are possible even under release 15 operation, and so are not specific for the release 16 work item. All approaches have some drawbacks, however it is not reasonable to expect that high speed operation can come without cost to either network or UE.
Observation 3 : Proper network configuration is important for high speed RRM and mobility
Based on these considerations and observation we propose

Proposal 2: Enhancement for 500km/h assumes sufficiently short SMTC is in use by the network
Further discussion should take place on proposal 2 and how to capture the outcome in specifications. Our view is that 160ms SMTC is  not practical for high speed deployments. Considering that we have made other optimistic assumptions on UE performance, it is also open to question whether 80ms SMTC period is feasible for high speed deployments.
Having concluded on which SMTC periodicities are suitable for network deployments, RAN4 would also need to discuss how to capture this information in specifications.
Conclusions
In this contribution we developed an analysis framework based on free space path loss considerations, and the rate of change of RSRP at the cell edge for different sizes of cell (ISD). 

Based on this we observe
Observation 1 : Legacy cell identification and measurement requirements are sufficient for all ISD≥1000m at 500km/h except for 160ms SMTC
Observation 2 : There is limited scope to improve TPSS/SSS_sync_intra for non-DRX RRC connected UEs
Observation 3 : Proper network configuration is important for high speed RRM and mobility

From these observations we propose
Proposal 1 : Measurement period is enhanced to 3 samples for non DRX operation in high speed
Proposal 2: Enhancement for 500km/h assumes sufficiently short SMTC is in use by the network
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