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1 Introduction
In accordance with the WID [1] the requirements to support mobility between NR and E-UTRA are to be specified in Rel-15. 
According to the analysis in [2] the corresponding inter-RAT requirements to support mobility between NR and E-UTRA in NR standalone (SA) operation shall impact both TS 36.133 and TS 38.133. The requirements to be defined in both specifications are analysed in this paper.
2 Inter-RAT E-UTRA Requirements in TS 38.133
The inter-RAT E-UTRA measurements are performed by the UE when configured with NR PCell. TS 38.133 already contains several high-level section titles for defining the relevant inter-RAT E-UTRA requirements under NR SA. However some of the sections are missing since RAN4 main focus has been on EN-DC until December 2017. Table 1 provides high level overview of the potential core and performance requirements which need to be defined in TS 38.133. Some of these requirements mainly depend on the progress of the RAN2 specifications.
Table 1: Inter-RAT E-UTRA RRM requirements needed in TS 38.133 under NR SA operation
	No.
	Requirement Category
	Specific Inter-RAT E-UTRA requirement under NR SA
	Status

	Core Requirements
	

	1
	4
RRC_IDLE state mobility
	4.2.2.1
UE measurement capability
	TBD

	
	
	4.2.2.5
Measurements of inter-RAT E-UTRAN FDD cells
	TBD

	
	
	4.2.2.6
Measurements of inter-RAT E-UTRAN TDD cells
	TBD

	
	
	5.1.2.1
UE measurement capability
	TBD

	2
	5
RRC_INACTIVE state mobility
	5.1.2.5
Measurements of inter-RAT E-UTRAN FDD cells
	TBD

	
	
	5.1.2.6
Measurements of inter-RAT E-UTRAN TDD cells
	TBD

	3
	6.1.2
NR Handover to other RATs
	6.1.2.2
NR – E-UTRAN FDD Handover 
	TBD

	
	
	6.1.2.3
NR – E-UTRAN TDD Handover
	TBD

	4
	6.2.3
RRC Connection Release with Redirection
	6.2.3.2

Requirements [redirection to E-UTRAN FDD/TDD]
	TBD

	5
	9.1.2
Measurement gap
	Table 9.1.2-X: Applicability for Gap Pattern Configurations supported by the NR standalone operation
	TBDNote 1

	6
	9.1.3
UE Measurement capability
	9.1.3.X
Monitoring of multiple layers using gaps for NR SA operation
	TBDNote 1

	7
	9.1.4
Capabilities for Support of Event Triggering and Reporting Criteria
	9.1.4.2
Requirements [Reporting criteria per RAT]
	TBD

	8
	9.4
Inter-RAT Measurements
	9.4.x1
NR – E-UTRAN FDD Measurements
	TBDNote 1

	
	
	9.4.x2
NR – E-UTRAN TDD Measurements
	TBDNote 1

	Performance Requirements
	

	9
	10.2
E-UTRAN measurements 
	10.2.1
E-UTRAN RSRP measurements 
	TBD

	
	
	10.2.2
E-UTRAN RSRQ measurements
	TBD

	Note 1: Section does not exist in TS 38.133


In the following section we further analyze each category of the RRM core requirements expressed in table 1.
2.1 RRC_IDLE state mobility
2.1.1 UE measurement capability
Under EN-DC operation the UE is capable of monitoring 6 E-UTRA FDD inter-frequency carriers and 6 E-UTRA TDD inter-frequency carriers. In NR SA operation the UE shall be able to monitor one additional carrier for each RAT since the serving cell (PCell) is NR. We therefore suggest that in RRC idle the UE shall be able to monitor:
· [7] E-UTRA FDD inter-RAT carriers and 
· [7] E-UTRA TDD inter-RAT carriers
· Proposal 1-1:  In RRC idle state the UE shall be able to monitor [7] E-UTRA FDD inter-RAT carriers and [7] E-UTRA FDD inter-RAT carriers.
2.1.2 Inter-RAT E-UTRA measurements

The inter-RAT E-UTRA measurement requirements in RRC idle state will cover time to detect E-UTRA cell, time to measure identified E-UTRA cell and time to evaluate an E-UTRA cell for cell reselection. The cell reselection procedure will be based on LTE RSRP and LTE RSRQ. These requirements in RRC idle state depend on idle mode procedures and on the DRX cycles applicable in the idle state. RAN2 has started developing the related procedures in TS 38.304. RAN4 requirement work can start once RAN2 has been sufficiently progressed. 
· Observation 1-1:  LTE RSRP and LTE RSRQ shall be used for cell reselection from NR to LTE cell. RAN4 work depends on the outcome of RAN2 RRC idle state procedures. 
2.2 RRC_INACTIVE state mobility

The inter-RAT E-UTRA measurement requirements in RRC_INACTIVE state are quite likely similar to those in RRC idle state. RAN2 is also currently developing the related procedures in RRC_INACTIVE state. RAN4 requirement work can be resumed after RAN2 work has been sufficiently progressed. 

· Observation 1-2:  The requirements in RRC_INACTIVE state are quite likely similar to those in RRC idle state. RAN4 work depends on outcome of RAN2 procedures.
2.3 NR Handover to other RATs
The HO requirements for inter-RAT HO to an E-UTRA cell consists of time to process the RRC message containing the HO command and interruption time. The RRC processing delay for NR RRC message (i.e. RR reconfiguration message) is being discussed in RAN2. However the interruption time is expected to be very similar to that specified in E-UTRA inter-frequency HO requirements in TS 36.133 (i.e. section 5.1). In any case RAN2 needs to progress the related procedures in their specifications before can start developing these requirements. 
· Observation 1-3:  NR-to-LTE cell HO interruption time is expected to be very similar to E-UTRA inter-frequency HO interruption time in TS 36.133. 
2.4 RRC Connection Release with Redirection to E-UTRAN
In E-UTRAN the RRC connection release with redirection to another RAT is initiated by the UE upon receiving the “RRCConnectionRelease” message from the E-UTRAN serving cell.

A similar procedure is expected to be defined by RAN2 for redirection from NR serving cell to E-UTRAN FDD or TDD target cell. 

From RAN4 requirement perspective the delay components are expected to be the same as defined in TS 36.133 for RRC connection release with redirection to UTRA e.g.
Tconnection_release_redirect_E-UTRA = TRRC_procedure_delay + Tidentify-E-UTRA + TSI-E-UTRA + TRA
RAN2 is also developing the related procedures for redirection to E-UTRAN in their specifications. RAN4 can start developing these requirements after RAN2 work has sufficiently progressed.
· Observation 1-4:  RRC connection release with redirection to from NR-to-LTE cell requirements will depend on the RAN2 specification work. 
2.5 Measurement gaps
The measurement gaps which shall be applicable for inter-RAT E-UTRA measurements needs to be defined in TS 36.133. At least the measurement gaps used for E-UTRA inter-frequency measurements during EN-DC operation should be applicable for E-UTRA inter-RAT measurements under NR SA. Therefore the inter-RAT E-UTRA requirements in TS 38.133 should be defined for at least gap pattern id # 0, 1, 2 and 3 in Table 9.1.2.1-1 of TS 38.133.
· Proposal 1-2:  Inter-RAT E-UTRA requirements are specified for at least gap pattern id # 0, 1, 2 and 3 defined in Table 9.1.2.1-1 of TS 38.133.
2.6 UE Measurement capability in RRC connected state
The UE measurement capability in terms of number of E-UTRA inter-RAT carrier frequencies for monitor should be same as in RRC idle state. Following the arguments provided in section 2.1.1, we propose in RRC connected state the UE shall be able to monitor:
· [7] E-UTRA FDD inter-RAT carriers and 

· [7] E-UTRA TDD inter-RAT carriers
· Proposal 1-3:  In RRC connected state the UE shall be able to monitor [7] E-UTRA FDD inter-RAT carriers and [7] E-UTRA FDD inter-RAT carriers.

2.7 Event Triggering and Reporting Criteria
The requirements to support event triggering and reporting criteria for inter-RAT measurements are defined for each RAT in TS 36.133; this is 5 per UTRA (FDD or TDD) without incmon and 11 per UTRA (FDD or TDD) with incmon. We propose that the event triggering and reporting criteria for E-UTRA inter-RAT measurements should be the same as defined for NR inter-frequency measurements in TS 38.133. The reason is that the number of E-UTRA inter-RAT carriers to monitor shall be much higher compared to inter-RAT carriers in TS 36.133. Therefore the event triggering and reporting criteria for E-UTRA inter-RAT measurements is proposed to be 10 i.e. 10 per E-UTRA (FDD or TDD). 
· Proposal 1-4:  The event triggering and reporting criteria for E-UTRA inter-RAT measurements shall be 10.
2.8 Inter-RAT Measurements
These requirements shall include the time to identify new E-UTRA cell, L1 measurement period of at least E-UTRA RSRP and RSRQ measurements of the identified cells, number of E-UTRA identified cells to be measured over L1 period and the measurement reporting requirements. E-UTRA RS-SINR is not currently included for inter-RAT mobility in TS 38.215. However there is no reason to exclude RS-SINR for inter-RAT mobility in RRC connected state. 
In principle these (E-UTRA inter-RAT) requirements should be similar to the E-UTRA inter-frequency measurement requirements defined in TS 36.133. There are two categories of E-UTRA inter-frequency measurement requirements in TS 36.133: requirements before EN-DC starts and requirements during the EN-DC operation. The main difference is that of the scaling factor (in terms of the number of carriers) to scale the measurement time. The former also includes features like incmon and burst gap pattern. In summary the E-UTRA inter-RAT requirements can be reused from E-UTRA inter-frequency requirements in TS 36.133 while considering the following aspects:
· Applicable measurements gap pattern id # 0, 1, 2 and 3 in Table 9.1.2.1-1 of TS 38.133,

· No incmon is supported,

· No burst gaps are supported. 
3 Inter-RAT NR Requirements in TS 36.133
The inter-RAT NR RRM requirements under NSA operation and without NSA are specified in RRC connected state in TS 36.133. These requirements are applicable in RRC connected state. The inter-RAT NR RRM requirements without NSA operation shall also be defined in RRC idle state in TS 36.133.
Table 1 provides high level overview of the potential core and performance inter-RAT NR requirements needed in TS 38.133 i.e. when the UE is not configured in NSA operation. Some of these requirements also depend on the outcome of the RAN2 specification work.
Table 2: Inter-RAT NR RRM requirements needed in TS 36.133 without NSA
	No.
	Requirement Category
	Specific Inter-RAT E-UTRA requirement without NR NSA
	Status

	Core Requirements
	

	1
	4
E-UTRAN RRC_IDLE state mobility
	4.2.2.7
Maximum interruption in paging reception
	TBD

	
	
	4.2.2.9
UE measurement capability
	TBD

	
	
	4.2.2.X Measurements of inter-RAT NR cells
	TBDNote1

	2
	5.3 Handover to other RATs
	5.3.X
E-UTRAN – NR Handover
	TBDNote1

	3
	6.2.3
RRC Connection Release with Redirection
	6.3.2.X
RRC connection release with redirection to NR
	TBDNote1

	4
	8.1.2.1
UE measurement capability
	Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE
	Exist

	
	
	8.1.2.1.1
Monitoring of multiple layers using gaps
	Exist

	5
	8.1.2.4 Inter-RAT Measurements
	8.1.2.4.X E-UTRAN FDD – NR Measurements
	Exist

	
	
	8.1.2.4.Y E-UTRAN TDD – NR Measurements
	Exist

	6
	8.2 Capabilities for Support of Event Triggering and Reporting Criteria
	8.2.2 Requirements [Reporting criteria per inter-RAT NR]
	Exist

	Performance Requirements
	

	7
	9.X
NR measurements 
	9.X.x1 SS-RSRP measurements 
	TBDNote1

	
	
	9.X.x2 SS-RSRQ measurements 
	TBDNote1

	
	
	9.X.x3 SS-SINR measurements
	TBDNote1

	
	
	9.X.x1 CSI-RSRP measurements 
	TBDNote1

	
	
	9.X.x2 CSI-RSRQ measurements 
	TBDNote1

	
	
	9.X.x3 CSI-SINR measurements
	TBDNote1

	Note 1: Section does not exist in TS 36.133


In the following section we analyze RRM core requirements in categories 1-3 expressed in table 2 since only these core requirements do not yet exist in TS 36.133.
3.1 E-UTRAN RRC_IDLE state mobility

3.1.1 Maximum paging interruption

The maximum allowed paging interruption for cell reselection within E-UTRAN or to other RATs is defined as: TSI-target-cell + ( ms, where is 50 ms in most cases. The maximum allowed paging interruption for cell reselection from E-UTRAN to NR target cell can be defined as: TSI-NR + ( ms. RAN4 can further analyse the value of ‘(’ for NR.
· Proposal 2-1: The maximum allowed paging interruption for cell reselection from E-UTRAN to NR target cell shall be defined as: TSI-NR + ( ms, where the value of ‘(’ is FFS.
3.1.2 UE measurement capability
In RRC connected state he UE is capable of monitoring 8 NR inter-RAT carriers. In RRC idle state the same number of carriers should be specified for monitoring. We therefore suggest that in RRC idle the UE shall be able to monitor:

· [8] NR inter-RAT carriers
· Proposal 2-2:  In RRC idle state the UE shall be able to monitor [8] NR inter-RAT carriers.
3.1.3 Inter-RAT E-UTRA measurements

The inter-RAT NR measurement requirements in RRC idle state will also cover time to detect NR cell, time to measure identified NR cell and time to evaluate an NR cell for cell reselection. One difference compared to RRC connected state is that the cell reselection to NR cell is based on only SSB based measurements i.e. not on CSI-RS based measurements. Even among SSB based measurements only SS-RSRP and SS-RSRQ are applicable in RRC idle state. This means all cell reselection requirements shall be defined for SS-RSRP and SS-RSRQ. 
The requirements in RRC idle state depend on idle mode procedures being developed by RAN2 and on the DRX cycles applicable in the idle state. RAN2 has started developing the related procedures in TS 36.304. But LTE DRX cycles already exists. The requirements should be defined for all the LTE DRX and eDRX cycles applicable in RRC idle state as shown in tables 3 and 4. The detailed work on RAN4 requirement work can however start once RAN2 has been sufficiently progressed. 

Table 3: Tdetect, NR, Tmeasure, NR and Tevaluate, NR for UE configured with only DRX
	DRX cycle length [s]
	Tdetect, NR [s] (number of DRX cycles)
	Tmeasure, NR [s] (number of DRX cycles)
	Tevaluate, NR [s] (number of DRX cycles)

	0.32
	TBD
	TBD
	TBD

	0.64
	TBD
	TBD
	TBD

	1.28
	TBD
	TBD
	TBD

	2.56
	TBD
	TBD
	TBD


Table 4: Tdetect, NR, Tmeasure, NR and Tevaluate, NR for UE configured with eDRX_IDLE cycle

	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	TdetectUTRA_FDD [s] (number of DRX cycles)
	TmeasureUTRA_FDD [s] (number of DRX cycles)
	TevaluateUTRA_FDD

[s] (number of DRX cycles)

	5.12 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥ TBD
	TBD
	TBD
	TBD

	
	0.64
	≥ TBD
	
	TBD
	TBD

	
	1.28
	≥ TBD
	
	TBD
	TBD

	
	2.56
	≥ TBD
	
	TBD
	TBD

	NOTE 1:
The number of DRX cycles in this table is given for the DRX cycles within PTWs.

NOTE 2:
The eDRX_IDLE cycle lengths are as specified in Section 10.5.5.32 of TS 24.008 [34].


· Proposal 2-3:  The requirements for E-UTRA to NR cell reselection shall be defined for all existing DRX and eDRX cycles applicable in RRC idle state in LTE.
· Observation 2-1: Only SS-RSRP and SS-RSRQ are applicable in RRC idle for cell reselection procedures. 

· Observation 2-2: Requirements for cell reselection from LTE PCell to NR target cell procedures depends on RAN2 specification work.
3.2 Handover to other RATs
The HO requirements for inter-RAT HO to NR cell shall comprise time to process the LTE RRC message containing the HO command and interruption time. The RRC processing delay for LTE RRC message (i.e. RR reconfiguration message) is defined in TS 36.331. In principle the inter-RAT NR HO interruption time should be similar to the NR inter-frequency HO interruption time or at least similar delay elements are expected. The HO delay also depends on RAN2 procedure. Therefore the work on inter-RAT NR HO delay can start once RAN2 procedure has progressed. 

· Observation 2-3: LTE PCell-to-NR cell HO interruption time is expected to be very similar to NR inter-frequency HO interruption time.
· Observation 2-4: Requirements for LTE PCell-to-NR cell HO depends on RAN2 specification work.
3.3 RRC Connection Release with Redirection to E-UTRAN

Currently the requirements for RRC connection release with redirection to other RATs are defined for UTRAN FDD, UTRAN TDD and GERAN. The RRC connection release with redirection is initiated by the UE upon receiving the “RRCConnectionRelease” message from the E-UTRAN serving cell. The main motivation is to redirect the UE to another RAT for services like voice call. It is not certain whether RAN2 will develop procedure to support RRC connection release with redirection from LTE to NR. In any case RAN4 should wait for the outcome of the relevant RAN2 agreements.
· Observation 2-5:  It is not expected to specify requirements for RRC connection release with redirection from LTE PCell-to-NR cell; but it depends on the outcome of RAN2 agreements in this regard. 
4 Summary

In this paper we have extensively discussed potential inter-RAT RRM requirements needed in TS 36.133 and TS 38.133 to support mobility between LTE and NR in NR SA operation. Following are the main observations and proposals based on this analysis:
Mobility from NR PCell to LTE target cell:

· Proposal 1-1:  In RRC idle state the UE shall be able to monitor [7] E-UTRA FDD inter-RAT carriers and [7] E-UTRA FDD inter-RAT carriers.

· Proposal 1-2:  Inter-RAT E-UTRA requirements are specified for at least gap pattern id # 0, 1, 2 and 3 defined in Table 9.1.2.1-1 of TS 38.133.

· Proposal 1-3:  In RRC connected state the UE shall be able to monitor [7] E-UTRA FDD inter-RAT carriers and [7] E-UTRA FDD inter-RAT carriers.
· Proposal 1-4:  The event triggering and reporting criteria for E-UTRA inter-RAT measurements shall be 10.
· Observation 1-1:  LTE RSRP and LTE RSRQ shall be used for cell reselection from NR to LTE cell. RAN4 work depends on the outcome of RAN2 RRC idle state procedures. 
· Observation 1-2:  The requirements in RRC_INACTIVE state are quite likely similar to those in RRC idle state. RAN4 work depends on outcome of RAN2 procedures.
· Observation 1-3:  NR-to-LTE cell HO interruption time is expected to be very similar to E-UTRA inter-frequency HO interruption time in TS 36.133. 

· Observation 1-4:  RRC connection release with redirection to from NR-to-LTE cell requirements will depend on the corresponding RAN2 specification work. 
Mobility from LTE PCell to NR target cell:

· Proposal 2-1: The maximum allowed paging interruption for cell reselection from E-UTRAN to NR target cell shall be defined as: TSI-NR + ( ms, where the value of ‘(’ is FFS.

· Proposal 2-2:  In RRC idle state the UE shall be able to monitor [8] NR inter-RAT carriers.
· Proposal 2-3:  The requirements for E-UTRA to NR cell reselection shall be defined for all existing DRX and eDRX cycles applicable in RRC idle state in LTE.
· Observation 2-1: Only SS-RSRP and SS-RSRQ are applicable in RRC idle for cell reselection procedures. 
· Observation 2-2: Requirements for cell reselection from LTE PCell to NR target cell procedures depends on RAN2 specification work.
· Observation 2-3: LTE PCell-to-NR cell HO interruption time is expected to be very similar to NR inter-frequency HO interruption time.
· Observation 2-4: Requirements for LTE PCell-to-NR cell HO depends on RAN2 specification work.
· Observation 2-5:  It is not expected to specify requirements for RRC connection release with redirection from LTE PCell-to-NR cell; but it depends on the outcome of RAN2 agreements in this regard. 
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