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Introduction
In RAN4 #90 meeting, the RRM impacts of NR mobility enhancements were initially discussed and a way forward [1] on NR mobility enhancement was approved to study the feasibility of three potential mobility enhancement solutions. An LS [2] from RAN2 was sent to RAN4 to ask whether the reply of LS [3] for LTE mobility enhancements is also applicable for NR. In this contribution, we provide the discussion on the feasibilities of handover with simultaneous connectivity for NR.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For handover with simultaneous connectivity, the UE is required to perform simultaneous reception and transmission for both source cell and target cell, which means that UE shall support simultaneous reception for PDCCH/PDSCH and simultaneous transmission for PUCCH/PUSCH. According to the frequency ranges for source cell and target cell, four types of NR handover are defined in TS38.133
· FR1 - FR1 Handover
FR1-FR1 Handover include both intra-frequency and inter-frequency handovers from NR FR1 cell to NR FR1 cell. 
In LTE, the feasibility of simultaneous connectivity for R16 LTE mobility enhancements are investigated from the following aspects:
· Intra-frequency or inter-frequency case
· Synchronous or asynchronous deployment
· The same or different bandwidth between the source and target cell
However, the definition of intra-frequency in NR will be different with that in LTE. In LTE, two cells with the same frequency centre are considered as intra-frequency, which implicitly indicates the same the same frequency allocation of PSS/SSS/PBCH. In NR, more parameters shall be involved into the definition of intra-frequency, such as the same SSB numerology, the same SSB frequency location, the same data numerology and the same PointA definition etc.
Observation 1: The definition of intra-frequency between the source and target cell in NR will be different with that in LTE.
Proposal 1: RAN4 needs to study the definition of intra-frequency used in NR mobility enhancements WI.
When the source and target cell have the same SSB numerology, the same SSB frequency location, the same data numerology and the same frequency centre for active BWP, then the LTE reply on the feasibility of simultaneous connectivity for intra-frequency scenarios in LTE is also applicable for NR.
Proposal 2: The LTE reply in [3] on the feasibility of simultaneous connectivity for intra-frequency scenarios can be also for NR, provided that:
· The source and target cell have the same SSB numerology, the same SSB frequency location, the same data numerology and the same frequency centre for active BWP.
In LTE LS [3], the feasibility of simultaneous connectivity for inter-frequency scenarios are confirmed when the UE supporting DL CA and UL CA has spare RX and TX RF resources. However, according to the current band combinations defined in TS38.101-1, UE does not support NR UL CA. Unless NR UL CA band combination will be introduced in Rel-16, the LTE reply on the feasibility of simultaneous connectivity for inter-frequency scenarios cannot be applicable for NR.
Proposal 3: The LTE reply in [3] on the feasibility of simultaneous connectivity for inter-frequency scenarios cannot be applicable for NR unless NR UL CA band combination will be introduced in Rel-16.
· FR1- FR2 or FR2- FR1 Handover
Currently, the band combinations for inter-band NR-DC between FR1 and FR2 are defined in TS 38.101-3 and only supported in synchronous scenario. The UE supporting FR1+FR2 NR-DC shall be equipped with separate TX RF chains and separate RX RF chains for FR1 and FR2 respectively. Hence, it is feasible that UE performs simultaneous connectivity for synchronous deployment.
Observation 2: For UE supporting inter-band sync NR-DC between FR1 and FR2, it is feasible that UE performs simultaneous connectivity with the source cell and target cell for inter-frequency synchronous deployment.
· FR2- FR2 Handover
For FR2-FR2 handover, due to sharing the same set of antenna elements, UE could perform simultaneous reception and transmission by using same Rx beam only when the source cell and target cell are QCL-TypeD. However, it seems impossible that the source cell would be QCL-TypeD with target cell. Hence, it is not feasible that UE performs simultaneous connectivity for the source and target cell.
Observation 3: It is not feasible that UE performs simultaneous connectivity with source cell and target cell.

Conclusions
This contribution provides our analysis on the feasibilities of handover with simultaneous connectivity for NR mobility enhancements. The following are provided:
· For FR1- FR1 Handover
Observation 1: The definition of intra-frequency between the source and target cell in NR will be different with that in LTE.
Proposal 1: RAN4 needs to study the definition of intra-frequency used in NR mobility enhancements WI.
Proposal 2: The LTE reply in [3] on the feasibility of simultaneous connectivity for intra-frequency scenarios can be also for NR, provided that:
· The source and target cell have the same SSB numerology, the same SSB frequency location, the same data numerology and the same frequency centre for active BWP.
Proposal 3: The LTE reply in [3] on the feasibility of simultaneous connectivity for inter-frequency scenarios cannot be applicable for NR unless NR UL CA band combination will be introduced in Rel-16.
· For FR1- FR2 and FR2-FR1 Handover
Observation 2: For UE supporting inter-band sync NR-DC between FR1 and FR2, it is feasible that UE performs simultaneous connectivity with the source cell and target cell for inter-frequency synchronous deployment.
· For FR2- FR2 Handover
Observation 3: It is not feasible that UE performs simultaneous connectivity with source cell and target cell.
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