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1	Introduction
As per plenary decision RAN4 was only to work on NR NSA until December 2017 after which work on SA should start. This means that from January AH meeting RAN4 is expected to start the work on NR SA as well as continue the work on NSA. In this paper, we look at the new requirements RAN4 would need to work due to support of SA. 

2	Discussion
Support of SA means that RAN4 need to work on a number of new requirements. Using the E-UTRAN requirements as baseline it can be expected that RAN4 would need to define UE requirements for following procedure:
· Idle mode
· Inactive mode
· Connected state mobility
Next, we look a bit on which kind of requirements we see should be defined for Idle Mode. We note that due to plenary prioritization also for other WGs, RAN4 possibility to progress might limited. In our accompanying papers [1] and [2] we look at the expected requirements for Inactive Mode and Connected state mobility.

2.1	Idle Mode
2.2.1 Cell Selection
In the early phases of the NR discussions in RAN4 we already made an agreement concerning cell selection. It was at that time agreed that RAN4 would not define any requirements for the initial cell selection case. In [3] we provide draft CR for capturing this agreement.

2.2.2 Idle mode Mobility
Although not much has been agreed in RAN2 officially our view is, that the common understanding in RAN2 is that mobility in idle mode will be based on UE cell reselections in a similar way as known from e.g. E-UTRAN.
To provide requirements for idle mode cell reselections we would likely need at least similar baseline requirements as in E-UTRAN. New angle in NR is how to account the beam forming and whether requirements will same or not for FR1 and FR2.

2.2.2.1 UE measurement capability
In a similar manner as for connected mode and as discussed during the NSA discussion, RAN4 will need to discuss and decide on the UE measurement capability. RAN4 will need to define the number of NR carriers and E-UTRAN inter-RAT carriers the UE as minimum shall be capable of monitoring. 
Observation 1: RAN4 will need to define the number of NR carriers the UE should be capable of monitoring in Idle mode.
Observation 2: RAN4 will need to define the number of E-UTRAN carriers the UE should be capable of monitoring in Idle mode.
Additionally, RAN4 also need to decide on a Total number of carriers the UE should be capable of monitoring.
Observation 3: RAN4 will need to define the Total number of carriers the UE should be capable of monitoring in Idle mode.
Our understanding is that based on [4] the UE only needs to support E-UTRAN inter-RAT measurements in NR SA (besides of course NR inter-frequency). There is no requirement for UE to support other legacy inter-RAT measurements in SA mode.
Observation 4: UE only needs to support E-UTRAN inter-RAT measurements in NR SA Idle mode.
More concretely RAN4 would then need to define:
For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least:
-	Intra-frequency carrier, and
-	[FFS] NR Inter-frequency carriers, and
-	Depending on UE capability, [FFS] FDD E-UTRA inter-frequency carriers, and
-	Depending on UE capability, [FFS] TDD E-UTRA inter-frequency carriers.
And we the following numbers based on the earlier agreements for NSA we propose:
Proposal 1: In Idle mode, the UE operating in NR SA mode shall be capable of supporting at least
-	Intra-frequency carrier, and
[bookmark: _Hlk503715645]-	[7] NR Inter-frequency carriers, and
-	Depending on UE capability, [7] FDD E-UTRA inter-RAT carriers, and
-	Depending on UE capability, [7] TDD E-UTRA inter-RAT carriers.
And the Total number of carriers the UE should be capable of monitoring should be 13.
Proposal 2: A UE in Idle mode shall be capable of monitoring a total of at least 13 carrier frequency layers
In [5] we provide a draft CR with text proposal.

2.2.2.2 Measurements and evaluation of serving cell
This section would address the UE serving cell measurement requirements including which measurements the UE shall perform (e.g. SS-RSRP, SS-RSRP etc.) and any rules related to how the UE shall average the measurements (e.g. minimum separation of measurements). 
At least for sub-6 (FR1) it seems possible to re-use to a large extend the E-UTRAN requirements related to measurement and evaluation of serving cell as a baseline.
For FR2 there is a need to discuss how to account the beams in the serving cell measurement and evaluation requirements. 

2.2.2.3 Measurements of intra-frequency NR cells
In a similar manner as for serving cell this section would address the intra-frequency neighbor cell measurement requirements including which measurements the UE shall perform (e.g. SS-RSRP, SS-RSRP etc.). It is assumed that in a similar manner as for E-UTRAN Idle mode, the UE shall be able to identify and measure identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.
RAN4 would at least need to define:
· Cell detection time (similar to Tdetect,EUTRAN_Intra)
· Measurement interval (similar to Tmeasure,EUTRAN_Intra)
· Cell evaluation time (similar to Tevaluate,E-UTRAN_intra)
Additionally, RAN4 should also discuss any need for measurements filtering and how such filter should be applied in the UE.
Like serving cell requirement we expect re-use of E-UTRAN requirements for measurement of intra-frequency E-UTRAN cell can be re-used to a large extend as a baseline for setting the requirements for measurements of intra-frequency NR cells at least for FR1.
In FR2 beam handling would need to be discussed further.

2.2.2.4 Measurements of inter-frequency NR cells
In a similar manner as for intra-frequency NR cell requirements this section would address the inter-frequency neighbor cell measurement requirements including which measurements the UE shall perform (e.g. SS-RSRP, SS-RSRP etc.). It is assumed that in a similar manner as for NR intra-frequency and E-UTRAN Idle mode, the UE shall be able to identify and measure identified inter-frequency cells without an explicit inter-frequency neighbour list containing physical layer cell identities.
RAN4 would at least need to define:
· Cell detection time (similar to Tdetect,EUTRAN_Inter)
· Measurement interval (similar to Tmeasure,EUTRAN_Inter)
· Cell evaluation time (similar to Tevaluate,E-UTRAN_inter)
Additionally, RAN4 should also discuss any need for measurements filtering, and how such filter should be applied in the UE.
Like for intra-frequency neighbor cell requirement we expect re-use of E-UTRAN requirements for measurement of inter-frequency E-UTRAN cell is possible to a large extend and can be used as a baseline for setting the requirements for measurements of inter-frequency NR cells at least for FR1.
In FR2 beam handling would need to be discussed further.

2.2.2.5 Measurements of inter-RAT E-UTRAN cells
Here we expect re-use of the baseline requirements as known in E-UTRAN is possible to a large extend. The detailed requirements would of course need to be updated according to any changes made in RAN2. 
RAN4 would need to define:
· Cell detection delay (Tdetect,EUTRAN_Inter)
· Measurement interval (Tmeasure,EUTRAN_Inter)
· Cell evaluation time (Tevaluate,E-UTRAN_inter)
Additionally, RAN4 will also need to define which measurements the UE is expected to perform, but we expect that there will be no or only minor changes to these requirements compared to those defined in 36.133.

2.2.2.6 Evaluation of cell reselection criteria
The potentially necessary requirements of this section would depend on the RAN2 procedures and decisions.
Example:
The UE shall be able to identify new intra-frequency cells and perform SS-RSRP and SS-RSRQ measurements of identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.
The UE shall evaluate the intra-frequency, inter-frequency and inter-RAT cell reselection criteria defined in [38.331] at least every [FFS]. When a non zero value of [Treselection] is used, the UE shall only perform reselection on an evaluation which occurs simultaneously to, or later than the expiry of the [Treselection] timer.
Which measurements the UE shall perform in idle mode will depend on the RAN2 mobility procedures which are still under discussion.

[bookmark: _Hlk503717035]2.2.2.7 Maximum interruption in paging reception
As the text in 36.133 is rather it is likely possible to re-use most of the basic requirements with adaptation of intra-frequency, inter-frequency and inter-RAT (to E-UTRAN) changes. Example:
[bookmark: _Hlk503717011]UE shall perform the cell re-selection with minimum interruption in monitoring downlink channels for paging reception. 
At intra-frequency and inter-frequency cell re-selection, the UE shall monitor the downlink of serving cell for paging reception until the UE is capable to start monitoring downlink channels of the target intra-frequency and inter-frequency cell for paging reception. The interruption time shall not exceed TSI-NR + [FFS] ms.
At inter-RAT cell re-selection, the UE shall monitor the downlink of serving cell for paging reception until the UE is capable to start monitoring downlink channels for paging reception of the target inter-RAT cell. For NR to E-UTRAN cell re-selection the interruption time must not exceed TSI-EUTRA + 50 ms
TSI-NR is the time required for receiving all the relevant system information data according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [x] for an NR cell.
TSI-EUTRA is the time required for receiving all the relevant system information data according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for a E-UTRAN cell.
These requirements assume sufficient radio conditions, so that decoding of system information can be made without errors and does not take into account cell re-selection failure.
Such requirement would be covering the generic RAN4 requirements unless RAN4 sees a need for introducing additional requirements related to paging interruption. 
In [6] we provide a draft CR with text proposal.
Above could be applied at least for FR1. Whether presence of beams in FR2 will need to be accounted should be discussed further.

3	Conclusion
In this paper we have analyzed which requirements RAN4 would need to define for Idle mode mobility for NR SA. Based on the discussion we make a number of observations:
Observation 1: RAN4 will need to define the number of NR carriers the UE should be capable of monitoring in Idle mode.
Observation 2: RAN4 will need to define the number of E-UTRAN carriers the UE should be capable of monitoring in Idle mode.
Observation 3: RAN4 will need to define the Total number of carriers the UE should be capable of monitoring in Idle mode.
Observation 4: UE only needs to support E-UTRAN inter-RAT measurements in NR SA Idle mode.
Based on the discussion and the agreement in the Reno meeting we propose following for the UE measurement capability in NR Idle mode:
Proposal 1: In Idle mode, the UE operating in NR SA mode shall be capable of supporting at least
-	Intra-frequency carrier, and
-	[7] NR Inter-frequency carriers, and
-	Depending on UE capability, [7] FDD E-UTRA inter-RAT carriers, and
-	Depending on UE capability, [7] TDD E-UTRA inter-RAT carriers.
Proposal 2: A UE in Idle mode shall be capable of monitoring a total of at least 13 carrier frequency layers
In [3, 5 and 6] we have provided draft CRs for the different sections.
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