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1 Introduction
In the last RAN plenary (RAN#80), NR-NR dual connectivity (DC) has been included as one of the Rel-15 late drops in the NR [1]. Therefore the core requirements for NR-NR DC needs to be completed by December 2018 as part of Rel-15. 
In this contribution we provide an initial analysis of the RRM core requirements needed to complete NR-NR DC in Rel-15.
2 Scope of NR-NR DC Work in Rel-15
The EN-DC operation is supported for both synchronous and asynchronous operations in Rel-15. According to the NR WI exception sheet the following is the main scope of NR-NR DC in Rel-15 [1]: 
For SA (Option 2) only:
· NR-NR Dual connectivity aspects
· synchronous mode from physical layer aspects;

· Band combination(s) for FR1 + FR2;
· MCG fully in FR1 and SCG fully in FR2

· Common radio protocols and network interfaces applicable to both synchronous and asynchronous mode of operations.
Therefore in Rel-15, the physical layer aspects for NR-NR DC are required to be developed only for the synchronous operation. This means the core requirements for NR-NR DC in Rel-15 are limited for synchronous operation. The core requirements for NR-NR DC in asynchronous operation are part of Rel-16 WI on NR DC and CA enhancement [2].
Another important aspect is the band combinations for NR-NR DC. The latest version of the NR WID [3] contains the following list of band combinations for NR-NR DC operation. The corresponding RRM core requirements in Rel-15 should take into account the scope of the UE RF requirements in Rel-15, which in turn also depends on the band combinations supported for NR-NR DC in Rel-15. Furthermore in Rel-15, the MCG only contains FR1 band while SCG fully contains FR2 band.

Table 1: For NR-NR dual connectivity (Rel.15 late drop) [3]
	Combination

	FR1 NR band
	FR2 NR band

	n77
	n257

	n78
	n257

	n79
	n257


3 Analysis of RRM Requirements for NR-NR DC
3.1 NR-NR DC scenarios
In NR-NR DC, the UE shall be configured with at least PCell in MCG and at least PSCell in SCG. The MCG and SCG may also contain one or more SCells. The serving cells in MCG and SCG are managed by MgNB and SgNB respectively. The PSCell will be configured by PCell. But the SCells in SCG will be managed by the PSCell. 
UE RF requirements shall be defined for DC between two bands: one in FR1 and one in FR2.This will also include maximum number of CCs in each band. In Rel-15, PCell and PSCell will belong to FR1 and FR2 bands respectively [1]. Depending on the agreements related to number of CCs per CG in the RF group, the corresponding RRM requirements need to be addressed.  
NR-NR DC operation is applicable only in RRC connected state. Therefore there is no impact on any requirement related to idle state or inactive state.
3.2 Impact on RRM core requirements
Table 2 provides a brief analysis of the impact on RRM core requirements of introducing NR-NR DC in Rel-15. The table analyses the impact on the existing requirements defined in TS 38.133 and some additional requirements specific to the NR-NR DC e.g. PSCell addition/release. Since the scope of NR-NR DC in Rel-15 is limited to synchronous operation, therefore SFTD or SSTD type of measurement is not required. Further analysis is needed to identify specific details of each requirement while taking into account the agreements in UE RF on NR-NR DC. 
Table 2: Summary of impact of NR-NR DC on RRM core requirements 
	No.
	Section/Type of Requirement
	Impacted?
	Comments

	1
	3.6
Applicability of requirements in this specification version
	YES
	Applicable number of serving carriers need to be specified

	2
	4
SA: RRC_IDLE state mobility
	NO
	NR-NR DC is not applicable in RRC_IDLE state.

	3
	5     SA: RRC_INACTIVE state mobility
	NO
	NR-NR DC is not applicable in RRC_INACTIVE state.

	4
	6.1
Handover
	NO
	Mobility is based on PCell.

	5
	6.2.1 SA: RRC Re-establishment
	NO
	RRC re-establishment is done only on PCell.

	6
	6.2.2
Random access
	YES
	Current requirements apply for PCell and PSCell in EN-DC. Requirements for RACH transmission on PSCell are to be defined. Most likely the existing requirements can be reused.

	7
	6.2.3 SA: RRC Connection Release with Redirection
	NO
	RRC connection release with redirection is done only on PCell.

	8
	7.1
UE transmit timing
	YES
	Current requirements apply for PCell and PSCell in EN-DC. Requirements for transmission on PSCell are to be defined. Most likely the existing requirements can be reused. 

	9
	7.2
UE timer accuracy
	NO
	This is defined in generic way for any cell.

	10
	7.3
Timing advance
	YES
	Current requirements can be extended for TA on SCG in NR-NR DC

	11
	7.5
Maximum Transmission Timing Difference
	YES
	MTTD for NR-NR DC in synchronous operation between PCell and PSCell is to be defined.

	12
	7.6
Maximum Receive Timing Difference
	YES
	MRTD for NR-NR DC in synchronous operation between PCell and PSCell is to be defined.

	13
	8.1 Radio Link Monitoring
	YES
	Current RLM requirements apply for PCell and PSCell in EN-DC. Requirements for SSB and CSI-RS based RLM on PSCell are to be defined. Most likely requirements for PSCell in EN-DC can be reused for NR-NR DC.

	14
	8.2
Interruption
	YES
	The requirements on interruption for NR-NR DC need to be specified for synchronous operation under measurements, SCell activation/deactivation, active BWP switching etc

	15
	8.3
SCell Activation and Deactivation Delay
	YES
	Most likely the existing requirements for SCell activation/deactivation can be reused. 

	16
	8.4
UE UL carrier RRC reconfiguration Delay
	NO
	These requirements are applicable for any UL carrier in generic manner. Therefore there is no specific impact on NR-NR DC. 

	17
	8.5 Link Recovery Procedures
	YES
	These requirements are needed for each serving cell. Therefore they need to be extended for PSCell in NR-NR DC.

	18
	8.6 Active BWP switch delay
	YES
	The requirements for BWP switching delay on PSCell or any activated SCell in SCG need to be defined.

	19
	9.1.2
Measurement gap
	YES
	The applicable measurement gaps for NR-NR DC need to be defined.

	20
	9.1.3
UE Measurement capability
	YES
	The UE measurement capability in terms of inter-frequency and inter-RAT carriers need to be defined. 

	21
	9.2
NR intra-frequency measurements
	YES
	The intra-frequency measurement requirements for PSCC in NR-NR SC need to be defined. Most likely the existing requirements for PCC or PSC in EN-DC can be reused for NR-NR DC. 

	22
	9.3
NR inter-frequency measurements
	YES
	The requirements for inter-frequency measurement by PSCC in NR-NR SC need to be defined. Most likely the existing requirements for inter-frequency measurement by PCC or PSC in EN-DC can be reused for NR-NR DC.

	23
	9.4
Inter-RAT measurements
	YES
	The requirements for inter-RAT E-UTRA measurement by PCC in NR-NR SC need to be defined. Most likely the existing requirements for inter-frequency measurement by PCC can be reused for NR-NR DC. But applicable DRX cycle for inter-RAT measurements needs to be clarified.

	24
	9.5 CSI-RS based measurements
	YES
	These requirements can be extended also for PSCell in NR-NR DC. 

	25
	PSCell addition and release 
	YES
	The requirement on time required by the UE to add PSCell and release PSCell need to be defined. 


4 Summary

In this paper we have briefly analysed the impact of introducing NR-NR DC under synchronous operation in Rel-15 on the RRM core requirements in Rel-15. Some aspects of the core requirements (e.g. number of CCs, FR of PCell, PSCell etc) also depend on the agreements on UE RF requirements for NR-NR DC. 
The WF in [4], provides list of requirements for further analysis and timeline of work to complete all the requirements by December 2018.
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