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1. Introduction

Standalone operation is supported in Rel-15 NR. Corresponding requirements were deprioritized in NSA phase. Now RAN4 has come to the phase of SA. In this contribution we provide general discussion on SA RRM requirement. After discussion some proposals and work plan are provided.
2. Discussion
First of all, we need to identify the scope of SA RRM requirements. Note that quite a lot of requirements, which are general to NSA and SA operation, have been discussed and defined in NSA phase, e.g. UE timing and measurement related requirements. So in this contribution we mainly focus on SA specific requirement.
In this section, we provide analysis on the necessity of requirement for SA according to existing requirement framework in both TS36.133 and TS38.133.
2.1. SA requirement in TS38.133
1) RRC_IDLE state mobility
RRC_IDLE mode is not supported in NSA. So there was no much discussion on this part in NSA phase. From RRM point of view, the relevant functionalities in RRC_IDLE state include e.g. paging reception, cell selection and reselection. It is quite straightforward that requirement for cell selection and reselection shall be defined. As for paging, we have paging interruption requirement in idle mode in LTE. The background is that once UE make its decision to reselect to a neighbour cell, UE needs to read the system information from neighbour cell. From UE implementation perspective, the baseline assumption is that UE is not expected to handle paging reception from serving cell simultaneously when it is reading system information from neighbour cell. When we come to NR, we propose similar assumption.
Proposal 1: RRC_IDLE state mobility requirements are to be defined, including cell selection, reselection and paging interruption.

2) RRC_INACTIVE state mobility

The inactive mode is used for power saving compared with connected mode. From mobility point of view the functionalities supported in this mode is also cell selection/reselection, the same as in idle mode. Therefore, corresponding requirement in idle mode shall also apply for inactive mode, except that in inactive mode UE may support more types of DRX cycles, which can be reflected in cell identification delay and measurement period.
Proposal 2: RRM requirement in RRC_IDLE state should also apply for RRC_INACTIVE state, except that UE in INACTIVE mode may support more types of DRX cycles, depending RAN2.

3) RRC_CONNECTED state mobility
· handover
Handover is the one of the most critical mobility procedure in RRC_CONNECTED state. Corresponding RRM requirements are defined in terms of handover delay and interruption time. According to RAN2 design, the baseline procedure of handover in NR is quite similar with that in LTE. We have another companion contribution to discuss the potential requirement in detail.
Proposal 3: handover requirements shall be defined in RRC_CONNECTED state.
· RRC re-establishment
RRC re-establishment procedure occurs after RLF, which is triggered by RLM. UE will trigger this procedure to re-establish the connection to network. The detailed is now being discussed in RAN2. RAN4 can start our work once RAN2’s design becomes more stable.
Proposal 4: RRC re-establishment requirement shall be define.
· Random access

This part of requirements are quite general and can be used for both NSA and SA operation. Thus no update is need on top of existing RA requirements.

· RRC Connection Release with Redirection
This clause contains requirements on the UE regarding RRC connection release with redirection procedure. RRC connection release with redirection is initiated by the RRCConnectionRelease message with redirection to other RAT from NR. In Rel-15 only redirection to E-UTRAN is supported. Corresponding requirements shall be defined.

Proposal 5: requirements for RRC Connection Release with Redirection to E-UTRAN shall be define.

4) UE timing
Existing requirements in this section are applicable for both NSA and SA operation, including UE TX timing, UE timer accuracy, timing advance, cell phase synchronization accuracy and etc.
5) Signalling characteristics
Requirements in this section include RLM, interruption, SCell activation and deactivation delay. All these requirements are also applicable for SA operation.
6) Measurement procedure
Requirements in this section contain measurement capability, intra/inter-frequency measurement. RAN4 has been developing these requirement since NSA phase. The key requirement for SA operation is about the UE measurement capability. In detail, NSA is expected to support interworking between 2G/3G and E-UTRAN according to the LS from RAN plenary [1]. Thus the term Nfreq, NSA shall be updated to cover 2G/3G frequency layers. Note that the measurement objects toward 2G/3G shall be configured via E-UTRAN RAN. Thus it cannot be supported in SA operation. Thus we need to define different UE measurement capability for SA. Besides, we also need to define different measurement requirements considering a different scaling factor Nfreq shall be used.
Proposal 6: RAN4 needs to define specific UE measurement capability for SA. The scaling factor Nfreq in cell search and measurement period requirement need to be updated to cover SA operation.
2.2. SA requirement in TS36.133
Mobility from E-UTRAN to NR is supported in Rel-15. Corresponding requirement shall be captured in TS36.133, including cell reselection requirement in section 4 and handover requirement in section 5.
Proposal 7: requirement for cell reselection and handover from E-UTRAN to NR shall be introduced for enabling mobility from E-UTRAN to NR.
3. Conclusions
In this contribution we provide discussion on scope of RRM requirements for SA operation. After discussion the following proposals are made:
Proposal 1: RRC_IDLE state mobility requirements are to be defined, including cell selection, reselection and paging interruption.
Proposal 2: RRM requirement in RRC_IDLE state should also apply for RRC_INACTIVE state, except that UE in INACTIVE mode may support more types of DRX cycles, depending RAN2.
Proposal 3: handover requirements shall be defined in RRC_CONNECTED state.
Proposal 4: RRC re-establishment requirement shall be define.
Proposal 5: requirements for RRC Connection Release with Redirection to E-UTRAN shall be define.
Proposal 6: RAN4 needs to define specific UE measurement capability for SA. The scaling factor Nfreq in cell search and measurement period requirement need to be updated to cover SA operation.
Proposal 7: requirement for cell reselection and handover from E-UTRAN to NR shall be introduced for enabling mobility from E-UTRAN to NR.
The summary can be found in following table.
	RRM requirements expected in TS38.133 for enabling SA operation

	Types of requirements
	Functionalities
	Need or not
	Agreement

	RRC_IDLE state mobility
	Cell selection/re-selection, paging interruption
	Y
	

	RRC_INACTIVE state mobility
	Cell selection/re-selection, paging interruption
	Y
	UE may support different DRX cycles

	RRC_CONNECTED state mobility
	Handover
	Y
	Both handover for intra-NR and inter-RAT to E-UTRAN

	RRC Connection Mobility Control
	RRC re-establishment
	Y
	

	
	Random access
	N
	Existing requirements apply for both NSA and SA

	UE timing and signalling characteristics
	UE transmit timing
	N
	Existing requirements apply for both NSA and SA

	
	UE timer accuracy
	N
	

	
	Timing advance
	N
	

	
	Radio link monitoring
	N
	

	
	Interruption with DC
	N/A
	

	
	Cell phase synchronization accuracy
	N
	

	
	PSCell addition/release/change delay 
	N/A
	

	
	Maximum Receive Timing Difference in Dual Connectivity
	N/A
	

	
	Maximum Transmission Timing Difference in Dual Connectivity
	N/A
	

	
	NR SCell Activation and Deactivation Delay
	N
	

	UE Measurements Procedures in RRC_CONNECTED State
	Intra/inter-frequency measurement, UE measurement capability
	Y
	

	RRM requirements expected in TS38.133 for enabling SA operation

	RRC_IDLE state mobility
	Cell re-selection from E-UTRAN to NR
	Y
	

	RRC_CONNECTE state mobility
	handover from E-UTRAN to NR
	Y
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