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Introduction
In last RAN4 #82bis a WF [1] was approved to capture the guideline of contribution for RAN4 #83, which is reproduced here:
	Interested companies are invited to contribute in at least the following initial focus areas for NR RRM in RAN4#83. 
· Analysis of decisions made in other working groups eg RAN1, RAN2 in April and earlier meeting rounds, in view of the impact to RAN4 RRM requirements
· UE measurement capabilities such as number of cells, number of beams, number of frequency layers to be monitored, number of numerologies to handle in parallel, etc
· Consideration of requirements for NR UE transmit timing
· Expected measurement requirements needed for enabling NSA option 3 operation
· Draft system level simulation plan
· Draft link level simulation plan (Note: It will not be possible to agree simulation assumtions or provide resuts until further progress is made in RAN1 eg on NR-SS and CSI-RS design)
· RRM Specification structure for 38.133
· NR Measurement definitions and reference point
· UE architecture 
· the need for measurement gaps for inter-frequency and inter-RAT measurements
· Interruption requirements
· Other contributions are not precluded


In this contribution, we provide our view on the expected RRM requirements needed for enabling NSA option 3 operation.

Discussion
Demonstration of dual connectivity between NR and LTE can be found in [3], including general principles for Xx interface, architecture, procedure, SCG split beare, QoS and etc. From radio interface perspective, the key point of option 3/3a/3x operation is LTE based dual connectivity where LTE eNB is MeNB and gNB works as an SeNB. The mobility related procedures are reproduced here for information:
	-	SeNB Addition
-	SeNB Modification (MeNB initiated SeNB Modification)
-	SeNB Modification (SeNB initiated SeNB Modification)
-	Intra-MeNB handover involving SCG change
-	SeNB Release (MeNB initiated SeNB Release)
-	SeNB Release (SeNB initiated SeNB Release)
-	Change of SeNB
-	MeNB to eNB Change
-	SCG change
-	eNB to MeNB change
-	Inter-MeNB handover without SeNB change


Note that most the SeNB management procedures defined in TS36.300 are reused for the NR PSCell management according [3]. Thus the existing RRM requirement regarding dual connectivity in TS36.133 can be used as baseline when we come to dual connectivity between NR and LTE option 3. In the following section we briefly summarize the existing DC requirements in TS36.133.

Dual connectivity related requirements in TS36.133
· 7.6 Radio Link Monitoring
In LTE UE needs to perform RLM on both PCell and PSCell. As for dual connectivity option 3, UE also needs to perform RLM on both LTE PCell and NR PSCell, since it was agreed in RAN1 that NR support mechanism against radio link problem. Thus the associated RRM requirements on RLM in NR PSCell need to be developed.

· 7.12	Interruptions with Dual Connectivity
Requirements in this section contains the requirements related to the interruptions on PCell, PSCell, and SCell, when 
PSCell is added or released, or
transitions between active and non-active during DRX, or
transitions from non-DRX to DRX, or
SCell in either MCG or SCG is added or released, or
SCell in either MCG or SCG is activated or deactivated, or
measurements on SCC with deactivated SCell in either MCG or SCG, 
As can be seen in above table, the NR SCell addition/release, modification and change are also supported by dual connectivity option 3. All of these procedure would cause interruption to LTE PCell and activated SCell(s). Therefore corresponding requirements need to be specified.

· 7.13 Cell phase synchronization accuracy (Synchronized mode of dual connectivity)
· 7.15	Maximum Receive Timing Difference in Dual Connectivity
· 7.17	Maximum Transmission Timing Difference in Dual Connectivity
Before we conclude on whether these requirements are needed, we need to discuss the concept of “synchronous DC” in LTE and NR inter-working scenario. Counting that LTE and NR have different physical design, UE anyway may need two separated receivers and modules to process in parallel, irrespective of the timing difference between LTE and NR.

· 7.14 PSCell Addition and Release Delay for E-UTRA Dual Connectivity
This part of requirements are necessary to make sure that the NR PSCell can be effectively added or released. 

· 7.18	SCell Activation and Deactivation Delay for E-UTRA Dual Connectivity
The activation and deactivation delay for a SCell in MeNB (a LTE SCell) can be covered by the existing requirements in CA requirements. However, the activation and deactivation delay for a SCell in SeNB (a NR SCell) needs to be developed since NR CA is supported.

Other RRM requirements need to be considered
The analysis above is based on existing dual connectivity RRM requirements in TS36.133. Meanwhile, there are also some other requirements need to be specified for dual connectivity option 3, e.g. measurement, UE transmit timing and etc.
Here we would like to revisit TS36.133 to check what kinds of requirements need to be considered besides SCell management requirements mentioned above.
· 4	E-UTRAN RRC_IDLE state mobility
Requirements in this section cover cell selection/re-selection, paging interruption and some other procedure in RRC IDLE mode. Since in dual connectivity option 3 the NR cell can only works as a PSCell, in RRC CONNECTED mode of course, there is no need to develop additional requirements in RRC IDLE mode.

· [bookmark: _Toc383690673]5	E-UTRAN RRC_CONNECTED state mobility
Requirements in this section focus on the handover delay in handover procedure. No additional work is needed since in DC option 3 the PCell is a legacy LTE cell and UE needs to follow all the existing handover requirements in TS36.133.

· [bookmark: _Toc383690713]6	RRC Connection Mobility Control
This section cover requirements over RRC re-establishment, random access and RRC connection release with redirection.
6.1 RRC re-establishment: the intention is to recover the link when UE loses RRC connection due to RLF, handover failure or radio link problem. As for NR, it has already been agreed in RAN1 that NR support mechanism against link block, including link monitoring and recovering. For DC option 3, UE also needs to monitor link quality of NR PSCell. Although the concrete solutions are not yet decided and still under discussion in RAN1 and RAN2, in RAN4 we should keep our eyes on it. Once the solution is finally decided RAN4 needs to develop associated RRM requirements.
6.2 Random access: this part of requirements cover UE behavior related to random access. For NR DC option 3, this requirement is also necessary, e.g. after the layer 1 communication is established between UE and NR PSCell, UE needs to perform random access to the PSCell.
6.3 RRC Connection Release with Redirection: the functionality of this procedure is maintained in PCell. So there is no need to introduce requirements for NR DC option 3. UE just need to follow all the existing requirements in TS36.133.

· 7	Timing and signalling characteristics
Most of the DC related requirements have been analyzed above. However, there are still some other requirement other than the discussion in section 2.1 may need to be revisited.
7.1 UE transmit timing: transmit timing error requirements are relevant to chip duration, sampling rate, bandwidth and etc. As it is well known that NR support various numerologies and bandwidth. Thus the timing error requirement needs to be revisited. UE may have different timing error requirement for NR PSCell.
7.2 UE timer accuracy: timer inaccuracy comes from imperfect oscillator in real practice. We believe the existing requirements can be reused for NR DC option 3 at least at this early phase.
7.3 timing advance: this part of requirements consist of timing advance adjustment delay and accuracy. The intention of delay is to allow some processing time of TA command. The accuracy depends on the resolution of TA command which will be designed by other group.

· [bookmark: OLE_LINK13]8	UE Measurements Procedures in RRC_CONNECTED State
Measurement related analysis can be found in our companion contributions [4, 5]. For NR DC option 3, RAN4 needs to specify both intra-frequency and inter-frequency measurement requirement for enabling NR PSCell management.

· [bookmark: _Toc383690860]9	Measurements performance requirements for UE
Different measurement accuracy requirements can be foreseen, since we have brand new physical layer design in NR. For DC option 3, we also need to define accuracy requirements to guarantee the efficiency of PSCell management.

Conclusion
In this contribution we provide detailed analysis on what kinds of RRM requirements need to be developed for enabling NR DC option 3. The conclusions are summarized as follow:
	RRM requirements expected for enabling dual connectivity option 3

	Types of requirements
	Functionalities
	Necessary or not
	Comment

	E-UTRAN RRC_IDLE state mobility
	Cell selection/re-selection
	N
	DC option 3 has no impact on idle mode

	E-UTRAN RRC_CONNECTED state mobility
	Handover
	N
	PCell is a legacy LTE cell. Existing handover requirement in TS36.133 shall apply.

	RRC Connection Mobility Control
	RRC re-establishment
	Y
	UE supports mechanism to recover on the NR PSCell

	
	Random access
	Y
	UE needs to perform random access on the NR PSCell

	UE timing and signalling characteristics
	UE transmit timing
	Y
	NR supports various numerologies and bandwidth

	
	UE timer accuracy
	N
	

	
	Timing advance
	Y
	Depend on RAN1/2 design

	
	Radio link monitoring
	Y
	UE needs to perform RLM on NR PSCell

	
	Interruption with DC
	Y
	Interruption should be allowed when PSCell addition/release and etc.

	
	Cell phase synchronization accuracy
	TBD
	

	
	PSCell addition/release delay
	Y
	

	
	Maximum Receive Timing Difference in Dual Connectivity
	TBD
	

	
	Maximum Transmission Timing Difference in Dual Connectivity
	TBD
	

	
	SCell Activation and Deactivation Delay
	Y
	CA is supported in NR

	UE Measurements Procedures in RRC_CONNECTED State
	Intra/inter-frequency measurement
	Y
	Enable NR PSCell management

	Measurements performance requirements for UE
	Measurement accuracy
	Y
	Due to new physical layer design
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