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1 Introduction
In LTE, RRM requirements for standalone operation (including interRAT handover) were developed first in release 8, and then measurement requirements for carrier aggregation and dual connectivity were added in release 10 and 12. Carrier aggregation and dual connectivity were specified for intra-LTE operation only, so there is currently no dual connectivity with multi-RAT operation.
As dual connectivity requirements were added later in LTE and are not covering other RATs, there has been no formal separation between requirements covering mobility, and requirements covering SCell/PSCell management, although requirements for CA and DC measurements are included in different sections in 36.133, making it somewhat possible to conclude which requirements are related to SCell/PSCell measurements.

In NR, there will be both standalone (SA) and non-standalone (NSA) operation where NR provides additional bandwidth and throughput in conjunction with an LTE/LTE-A connection. To allow the efficient development of requirements for NSA operation, it is beneficial to identify the subset of requirements needed to support NSA. 
2 Discussion

Unlike LTE dual connectivity, measurement configuration and reporting is handled by the secondary node in NR. This is described in[1].
	5.5.4.1
Dual Connectivity between LTE and NR

If the measurement is configured to the UE in preparation for the Secondary Node Addition procedure described in sub-clause 10.3, the master node should configure the measurement to the UE. In case of the intra-secondary node mobility described in sub-clause 10.3, the secondary node should configure the measurement to the UE in coordination with the master node, if required. For the secondary node change procedure described in sub-clause 10.3, the RRM measurement configuration is maintained by the secondary node which also processes measurement reporting.


	


From this description, we can see that there are two phases. In the first phase the UE is connected to a master node, and is performing measurements to prepare for Secondary Node Addition. For NSA, the UE will need to start with an LTE master node, and will be performing measurements of NR to attempt to report a suitable NR secondary node. This would be done using a suitable LTE measurement gap pattern (if needed).
Observation 1 : Requirements for Inter-RAT detection of NR cells from LTE are necessary for NSA operation

Observation 2 : Accuracy requirements for interRAT measurements of NR cells are necessary for NSA operation

In the second phase, once the secondary node is added is configures the NR measurements to the UE in coordination with the master node, if required. The procedures for maintaining secondary nodes are known as secondary node mobility, and in addition to the measurements for supporting secondary node mobility, there may be a need for other RRM requirements also. We now discuss the requirements needed to support NSA operation, and those which may be needed only for SA operation.

1) RRC_Idle_Mode mobility: We assume that since NR is being used as a non-standalone RAT, paging would be performed on LTE, and the secondary NR node added only when needed to provide enhancement to the connectivity. Hence idle cell selection and reselection requirements are not needed for NSA operation.
2) RRC_Inactive mobility : It could be further checked in there is a need for the NR protocol stack to go to inactive state, In LTE it is possible for SCells/PSCells to be deactivated, leaving the PCell active and allowing for the SCell to be quickly reactivated should the need arise;  RRC inactive state appears to offer similar functionality, but it needs to be understood whether deactivated NR cells are part of inactive state, or part of a sub state of RRC_Connected state. At any rate, requirements are likely to be needed for secondary node mobility when the secondary node is not active, and there will be a different power consumption vs performance trade-off compared with the active condition.

3) Handover requirements : Handover requirements are not needed, although the need for requirements on secondary node change should be considered in RAN4. It should be noted that in LTE carrier aggregation, the delay and interruption for SCell change is not specified but good PSCell management is important to avoid the NR component of the connection being dropped. Therefore, we propose to develop PSCell change requirements. 

4) RRC Reestablishment, RRC Connection release with redirection : These requirements are not necessary for NSA operation
5) PRACH requirements : It is expected that there are some PRACH procedures, e.g. when changing secondary node using non contention based RACH. There is not a need for initial access type of PRACH procedure when operating non standalone since the secondary node is configured by the master node.

6) Transmit timing, timing advance requirements: These requirements are needed since there is both uplink and downlink on the NR secondary node
7) Cell phase synchronisation requirements : Cell phase synchronisation requirements are needed for TDD gNB

8)  Radio link monitoring : In LTE, there is no radio link monitoring on SCell however it is performed on a PSCell. For NR NSA operation where LTE is master, it is likely that NR RLM requirements are needed at least for the PSCell.

9)  Interruption requirements : Assuming that RF causes interruptions in a similar way with NR radio, it is necessary to define interruption requirements eg for secondary cell activation, deactivation, configuration, deconfiguration and measurement. At least for bands below 6GHz we expect that similar issues such as those which cause interruption in LTE can be expected. For mm-wave, considering that different receiver architecture such as superhetrodye receiver is used, it could be discussed if activation/deactivation etc. causes interruption to an LTE PCell below 6GHz.

10) Activation/deactivation delay : This is similarly linked to the discussion on RRC_Inactive Mobility. At any rate, requirements on how quickly the NR radio can be activated and deactivated will be necessary.

11) NR cell identification requirements : For Secondary Node mobility, it will be necessary to have requirements for identification of NR cells, in both DRX and non DRX. The need for interfrequency requirements depends on whether there will be mobility between secondary nodes on different frequency layers.
12) NR measurement period : For Secondary Node mobility, it will be necessary to have requirements for NR measurement period, in both DRX and non DRX. The need for interfrequency requirements depends on whether there will be mobility between secondary nodes on different frequency layers.
13) NR requirements in support of beam management : Since beamforming is a part of NSA operation, all RRC connected RRM requirements in support of beam management are needed. This may include beam identification, beam management and beam change requirements.

14) Accuracy requirements : Accuracy requirements for all measurements used in NSA will be needed. We expect that the same measurements are likely to be useful for both NSA and SA operation.

Table 1 summarises the intra NR requirements potentially needed for NSA operation in NR.133 specifications.

	RRC_Idle_Mode mobility 
	Not needed

	RRC_Inactive mobility 
	Not needed

	Handover requirements 
	Not needed but PSCell change requirements should be developed

	RRC Reestablishment, RRC Connection release with redirection
	Not needed

	PRACH requirements: 
	Needed, may be a subset of the requirements for SA operation which also involves initial access

	Transmit timing, timing advance requirements: 
	Needed

	Cell phase synchronisation 
	Needed for TDD

	Radio link monitoring 
	Needed

	Interruption Requirements
	Needed to capture impact of NR Scells

	Activation/deactivation delay
	Needed

	NR cell identification requirements
	Needed for DRX and non DRX, interfrequency FFS

	NR measurement period requirements
	Needed for DRX and non DRX, interfrequency FFS

	NR requirements in support of beam management
	Needed e.g. beam identification, beam measurement etc.

	Accuracy requirements
	Needed for all measurements used in NSA operation


Table 1 : Summary of requirements needed for NSA operation
3 Conclusions

In NR, there will be both standalone (SA) and non-standalone (NSA) operation where NR provides additional bandwidth and throughput in conjunction with an LTE/LTE-A connection. To allow the efficient development of requirements for NSA operation, it is beneficial to identify the subset of requirements needed to support NSA. We make the following observations on the needed requirements
Observation 1 : Requirements for Inter-RAT detection of NR cells from LTE are necessary for NSA operation

Observation 2 : Accuracy requirements for interRAT measurements of NR cells are necessary for NSA operation

Table 1 summarises the intra NR requirements potentially needed for NSA operation in NR.133 specifications.

	RRC_Idle_Mode mobility 
	Not needed

	RRC_Inactive mobility 
	Not needed

	Handover requirements 
	Not needed but PSCell change requirements should be developed

	RRC Reestablishment, RRC Connection release with redirection
	Not needed

	PRACH requirements: 
	Needed, may be a subset of the requirements for SA operation which also involves initial access

	Transmit timing, timing advance requirements: 
	Needed

	Cell phase synchronisation 
	Needed for TDD

	 Radio link monitoring 
	Needed

	Interruption Requirements
	Needed to capture impact of NR Scells

	Activation/deactivation delay
	Needed

	NR cell identification requirements
	Needed for DRX and non DRX, interfrequency FFS

	NR measurement period requirements
	Needed for DRX and non DRX, interfrequency FFS

	NR requirements in support of beam management
	Needed e.g. beam identification, beam measurement etc.

	Accuracy requirements
	Needed for all measurements used in NSA operation


Table 1 : Summary of requirements needed for NSA operation
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