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1 Introduction

The following was agreed in the NR WID objective [1]:
This work item is aimed at supporting the following connectivity options (*):

For single connectivity option:

-
NR connected to 5G-CN (Option 2 in TR 38.801 section 7.1).

For Dual Connectivity options:

-
E-UTRA-NR DC via EPC where the E-UTRA is the master (Option 3/3a/3x in TR 38.801 section 10.1.2);

-
E-UTRA-NR DC via 5G-CN where the E-UTRA is the master (Option 7/7a/7x in TR 38.801 section 10.1.4);

-
NR-E-UTRA DC via 5G-CN where the NR is the master (Option 4/4A in TR 38.801 section 10.1.3)

- Work on Option 4/4A will be started after the work on Option 2, 3 series and 7 series are completed.
…

-
Dual Connectivity between E-UTRA and NR, for which the priority is where E-UTRA is the master and the second priority is where NR is the master, and Dual Connectivity within NR
…

Further, the Stage 3 completion dates for non-standalone 5G-NR and standalone 5G-NR are the end of Q4 2017 and the end of Q2 2018, respectively. One should note, however, that the DC Option 4/4A is built upon the single connectivity NR scenario.
This contribution discusses the potential RRM impact in dual connectivity scenarios.

2 Background
2.1 Dual connectivity in LTE
In LTE, DC was introduced since Rel-12 to support small cell deployments. In DC a UE is connected to one master eNB (MeNB) and one secondary (SeNB), where each eNB involved in DC for a certain UE controls its radio resources and is primarily responsible for allocating radio resources of its cells (while some coordination via X2 is assumed between MeNB and SeNB), and the UE operates two MAC entities and two separate RLC entities for each data flow. The UE is configured with a primary serving cell from MeNB (PCell) and a primary serving cell from SeNB (PSCell), and may also be configured with one or more SCells from MeNB or SeNB. A Master Cell Group (MCG) / Secondary Cell Group (SCG) is defined as a group of serving cells associated with the MeNB/SeNB, respectively. The UE DC requirements in LTE are specified only for the scenario with PCell and PSCell on different carriers in different frequency bands. The DC may be in synchronous or asynchronous mode.
With DC, the following RRC procedures support cell management for SCG: change of PSCell, addition/modification/release of SCG cells, and addition/modification/release of SCG TAG(s). Additionally, SCell activation/deactivation in SCG is performed via MAC command.
A UE configured with PSCell is generally configured with a pTAG with PCell (and possibly an SCell) and also with an psTAG with PSCell (and possibly an SCell). The PCell and PSCell are used as the reference cells for deriving the UE transmit timing for the pTAG and psTAG, respectively.
The DC-related requirements include, e.g.: interruption requirements with DC, PSCell addition/release delay requirements, cell phase synchronization, maximum receive time difference, maximum transmit time difference, RLM, cell identification and measurements related requirements.
2.2 Agreements on dual connectivity in NR
According to [3]:
The following procedures are the baseline for DC between LTE and NR:
-
Secondary Node Addition procedure triggered by the master node;

-
Secondary Node Release procedure triggered by both the master node and the secondary node;

-
Intra-secondary Node mobility triggered by the secondary node;

-
Addition/Release of SCell within the secondary node triggered by the secondary node;

-
Secondary Node Change procedure triggered by the secondary node.

Intra-secondary node mobility should be managed by the secondary node itself. PSCell change and SCell addition/release are regarded as the part of the intra-secondary node mobility. At least in some cases, the master node needs to be informed of the occurrence of the intra-secondary node mobility. The master node is involved and takes the final decision before the secondary node change occurs in some cases.

…
For DC between LTE and NR where MCG comprises LTE cell(s) and SCG comprises NR cell(s), the gNB as the secondary node is not required to broadcast system information other than for radio frame timing and SFN. In this case, system information (for initial configuration) is provided for the UE by dedicated RRC signalling via LTE eNB as the master node. The UE acquires, at least, radio frame timing and SFN of SCG from the NR-PSS/SSS and PBCH of NR PSCell.

For DC between LTE and NR where MCG comprises NR cell(s) and SCG comprises LTE cell(s), system information (for initial configuration) is provided for the UE by dedicated RRC signalling via NR gNB as the master node. In this case, the UE acquires radio frame timing and SFN of SCG from PSS/SSS and MIB on LTE PSCell.

…
If the measurement is configured to the UE in preparation for the Secondary Node Addition procedure, the master node should configure the measurement to the UE. In case of the intra-secondary node mobility, the secondary node should configure the measurement to the UE in coordination with the master node, if required. For the secondary node change procedure, the RRM measurement configuration is maintained by the secondary node which also processes measurement reporting.
2.3 Discussion
Based on [1], RAN4 needs to prioritize the work on dual connectivity scenarios with LTE PCell and NR PSCell. Furthermore, DC Option 3/3a/3x and DC Option 7/7a/7x in TR 38.801 are likely to be covered by the same set of RAN4 requirements which address physical aspects and thus transparent to the core network.
· Observation 1: RAN4 needs to prioritize the work on DC scenarios with LTE PCell and NR PSCell.

· Observation 2: DC Option 3/3a/3x and DC Option 7/7a/7x in TR 38.801 are likely to be covered by the same set of RAN4 requirements.
To support DC with NR, RAN4 needs to discuss the requirements at least for:
· changing of PSCell (e.g., on the same or to a different carrier), 
· addition/modification/release of SCG cells, including PSCell (which at least in LTE may also trigger random access),
· activation/deactivation of SCells in SCG (assuming PSCell is always activated),
· UE transmit timing and TAG(s),
· NR cell identification/measurements

· inter-RAT (NR measured from LTE) before an NR carrier becomes a serving carrier,
· intra-frequency on PSCC and activated NR SCC,
· inter-frequency on NR carrier,
· measurements on deactivated NR SCC,
· RLM on NR PSCell.
· Observation 3: Some of the NR DC requirements, e.g., RLM on PSCell, may be the same as/similar to the requirements for the NR standalone case. Other requirements, e.g., NR PSCell management are specific to DC. The requirements for NR SCell management may or may not be the same as for standalone NR or CA NR, depending e.g. on whether there are differences for SCells controlled by PSCell or PSCell together with PCell compared to SCells controlled by PCell only.
The procedures related to NR serving cell change and NR CC management are to be characterized by the corresponding procedure delays, e.g., activation and deactivation delay which would depend at least on the availability of the necessary signals in the cell and UL resources if the procedure involves also at least one transmission from the UE. These procedures, however, may also cause interruptions to other serving cells in DL and UL. In DC with LTE as a master, the MCG set contains at least one LTE cell, and SCG contains at least one NR cell. Hence, in the worst case, the interruptions may be to both LTE and NR cells, which may however depend on the UE architecture. There may also be NR SCell changes to which may also cause interruptions to other serving cells.
· Proposal 1: Addition and release delay requirements for NR PSCell are to be specified.

· Proposal 2: Addition, release, activation and deactivation delay requirements for NR SCell are to be specified.

· Proposal 3: The maximum amount of allowed interruptions to other NR serving cells due to NR PSCell change (addition, release) is to be specified.
· Proposal 4: The maximum amount of allowed interruptions to other NR serving cells due to NR SCell change (addition, release, activation, deactivation) is to be specified.

· Proposal 5: RAN4 to discuss whether the maximum amount of allowed interruptions to LTE serving cells due to NR PSCell change (addition, release) is to be also specified.

· Proposal 6: RAN4 to discuss whether the maximum amount of allowed interruptions to LTE serving cells due to NR SCell change (addition, release, activation, deactivation) is to be also specified.
At the same time, in DC with LTE, there may also be LTE serving cell changes, so it is also important to ensure that the amount of interruptions to DL and UL NR caused by LTE cell changes does not exceed an acceptable limit.
· Proposal 7: RAN4 to discuss on how to make sure that the NR performance is not degraded due to LTE cell changes (addition, release, activation, deactivation, etc.).
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