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Introduction
In RAN4#94e, interRAT mobility for high speed was discussed with the conclusion in [1]. In this contribution we provide further views on the options in the way forward
Discussion
We begin by reviewing some of the possible use cases for interRAT measurement between NR and LTE in both directions.
1. [bookmark: _Ref35941063]InterRAT reselection from LTE to NR, e.g. so that a user is camped in idle mode on NR to experience 5G service immediately on connection
2. InterRAT reselection from NR to LTE e.g. when leaving an area where there is 5G coverage.
3. Adding an NR PS Cell to configure EN-DC to get better throughput
4. Adding an LTE PSCell to configure NE-DC
5. InterRAT handover from LTE to NR-SA to access 5G service
6. InterRAT handover from NR to LTE, e.g. when leaving an area where there is 5G coverage.
In all cases there is more time available to perform interRAT mobility, compared with the corresponding scenario for intrafrequency handover/reselection. The reason is that for an intrafrequency procedure, the UE is not expected to be able to detect or receive the neighbor cell when Es/Iot<-6dB, and in this context the serving cell is an interferer. Moreover, the handover is time critical, in that if the UE serving cell Es/Iot becomes too low (eg below -6dB or so) before handover is completed, radio link failure will occur.
This is illustrated in figure 1 where we assume that a UE is travelling at 500km/h past a deployment of trackside gNB with ISD=700m. Theoetical Es/Iot based on pathloss is plotted, assuming a carrier frequency of 2.7GHz although an almost identical plot is obtained for any frequency in the FR1 range. Es/Iot reaches a peak when the UE passes a trackside site, and falls below 0dB when the UE would be better served by another cell.
For interRAT mobility, if we assume that the UE can detect another cell when Es/Iot is better than -6dB, the time available is illustrated by T1 for detecting cell 2, and numerically, ~12.96s is available. For intrafrequency mobility, we addionally assume a condition that the serving cell must have -6dB or better Es/Iot to maintain the connection. This is shown by T2, which numerically is ~2.88 seconds.
In practice, the situation for interRAT mobility may be changed by the need to have a trigger for starting interRAT measurements, or starting measurement gaps which may be based on a measurement event trigger from the serving cell. However, in this case it is up to network implementation to define a suitable trigger which works well. For use cases 3 and 4 this trigger is not likely to be based on RRM measurements at all, and in use cases 1,2,5 and 6 a simple solution is to enable interfrequency meaurements all the time in the last cell or two before coverage ends (use case 2,6) or the first few LTE cells where the UE is moving into NR coverage. Alternatively RSRP or Ec/Io based triggers can be used, and in any rate the thresholds can be designed so that the UE still has significantly longer to detect the target cell, since it is a less time critical operation.

Figure 1 : Es/Iot of each cell as a UE progresses along a track with 700m ISD, speed = 500km/h
Observation: InterRAT mobility procedures are typically be less time critical than interRAT mobility procedures
In light of this observation, although our view in RAN4#94e was that intrafrequency HST RRM interRAT requirements should be aligned with the corresponding intrafrequency requierment, we now think this may be too demanding from a UE point of view, especially as supporting such performance may have negative implications such as additional power consumption. A more suitable critera seems to be that interRAT delays are within a factor of 2x – 4x the intrafrequency delays. Clealy RAN4 should also avoid overspecifying interRAT requirements, so options relating to direct reuse of  HS requirements for intrafrequency as interRAT requierments may be too strict. On the other hand, some HST intra requierments might have been enhanced less than would ideally be desirable due to power constraints etc, so we propose to target not more than 2x the intrafrequency delay for both PSS/SSS sync (cell detection in LTE) and for meausrement period
Proposal 1 : RAN4 should target an RRM delay for interRAT measurements of not more than 2x the intrafrequency HST delay.
Some of the options in [1] were to “discuss possible options between non-HST inter-RAT requirement and HST intra-frequency measurement requirement”. In addition, for E-UTRA to NR mobility, some aspects of the intra-frequency requirement are still under discussion. Thus, for the implementation of proposal 1, we suggest that at least for E-UTRA to NR mobility it is better to agree on proposal 1 at high level, and to wait until NR intrafrequency requirements are more stable before discussing interRAT requirements. For NR to E-UTRA requirements, LTE HS requirements are already completed and therefore the analysis can be performed already. Clearly, in addition to proposal 1, the requirement for HS should not be more relaxed than the requirement for non HS interRAT mobility.

NR to E-UTRA requirements
Based on proposal 1, the requirements for idle mode and connected mode respectively are as shown in table 1 and table 2

	DRX cycle length [s]
	Tdetect,EUTRAN_IRAT_HS [s] (number of DRX cycles)
	Tmeasure,EUTRAN_IRAT_HS [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_RAT_HS
[s] (number of DRX cycles)

	0.32
	2.56 (16)
	0.32(2)
	0.96(6)

	0.64
	5.12 16)
	0.64 (2)
	1.92 (6)

	1.28
	8.96 (14)
	1.28 (2)
	3.84 (6)

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)


Table 1 : Proposed requirements for NR to E-UTRA reselection

	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2(30)

	0.08<DRX-cycle<1.28
	Note2(20)

	DRX=1.28
	Note2(16)

	1.28<DRX-cycle Note3≤2.56
	Note2(20)

	Note1:	Number of DRX cycle depends upon the DRX cycle in use.
Note2:	Time depends upon the DRX cycle in use.


Table 2 : Proposed requirements for NR to E-UTRA measurements in DRX
Another aspect which should be considered is the capabilities and configuration flag for for interRAT high speed requirements. Currently there is already a capability for supporting LTE 500km/h high speed requirements and a corresponding configuration flag which is used (typically broadcast) by the network for UEs which support the LTE capability. A similar approach will be added for NR high speed. However, these capabilities and configurations are indicated on a per-RAT basis, meaning that it is possible that a UE indicates capability to support LTE high speed requirements and not to support NR high speed requirements or vice versa. Similarly, the network configuration of LTE and NR measurement enhancements is also independent.
Hence it is not clear to us on what basis it can be expected that a UE supports interRAT high speed mobility, and the way in which it would be configured. To avoid ambiguity, ideally interRAT high speed measurement enhancements from NR to LTE would have its own capability and configuration flag in NR RRC specifications, and vice versa LTE to NR high speed measurement enhancements would also have its own capability and configuration flag. At any rate, the way in which it is expected to work does not seem clear so we propose
Proposal 2 : RAN4 discusses capabilities and configuration for interRAT high speed requierments both from LTE to NR and from NR to LTE
Conclusions

Observation: InterRAT mobility procedures are typically be less time critical than interRAT mobility procedures
Proposal 1 : RAN4 should target an RRM delay for interRAT measurements of not more than 2x the intrafrequency HST delay.
NR to E-UTRA  requirements

Based on proposal 1, the requirements for idle mode and connected mode respectively are 

	DRX cycle length [s]
	Tdetect,EUTRAN_IRAT_HS [s] (number of DRX cycles)
	Tmeasure,EUTRAN_IRAT_HS [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_RAT_HS
[s] (number of DRX cycles)

	0.32
	2.56 (16)
	0.32(2)
	0.96(6)

	0.64
	5.12 16)
	0.64 (2)
	1.92 (6)

	1.28
	8.96 (14)
	1.28 (2)
	3.84 (6)

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)




	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2(30)

	0.08<DRX-cycle<1.28
	Note2(20)

	DRX=1.28
	Note2(16)

	1.28<DRX-cycle Note3≤2.56
	Note2(20)

	Note1:	Number of DRX cycle depends upon the DRX cycle in use.
Note2:	Time depends upon the DRX cycle in use.


Proposal 2 : RAN4 discusses capabilities and configuration for interRAT high speed requierments both from LTE to NR and from NR to LTE
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