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1. Introduction 
In this contribution, we discuss on a handover (HO) with simultaneous connectivity with both source and target cell. We propose Conditional Make-Before-Break (MBB) HO to improve the robustness during HO and reduce user data interruption during HO simultaneously [1].
2. Discussion
2.1. Rel-14 MBB HO Category D Candidate Options

In Rel-14 further mobility enhancements in LTE WI, the candidate options for category D (i.e., 2 Rx/Tx HO) are proposed as below, but removed from the candidate options of MBB HO due to UE complexity [2].

=>
The candidate options mentioned in the email discussion are categorized as follows:


Category A (No simultaneous Rx/Tx from another intra-frequency cell): Option 2b/4b/6(Case 0)


Category B (No simultaneous Tx but need simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell): Option 1/2a/4a/Option 6(Case 1)


Category C (Simultaneous Tx of PRACH to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell): Option 2c/6(Case 2)


Category D (Simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell): Option 3/5/7/8/6(case 3)
Option 3/6/7 are categorized as an enhancement of MBB HO, Option 5 is categorized as the solution based on DC, and Option 8 is an intra-eNB PCell change for a CA-capable UE. Option 6 [3] is the only solution applicable to all categories.
2.2. NR Options for 2 Rx/Tx HO
Some options for 2 Rx/Tx HO to meet 0 ms mobility interruption time (MIT) are proposed during NR SI/WI, and these are the major options;

Option 1: enhanced handover procedure [4]
Option 2: mobility enhancement for ‘Make-before-break’ [5]
Option 3: dual connectivity with role change [6].
Likewise, Option 1/2 are categorized as an enhancement of MBB HO (hereinafter, “enhanced MBB HO”), Option 3 is categorized as the solution based on DC (hereinafter, “DC-based HO”). Some papers discuss the procedure, protocol stack and data flow including PDCP operations (e.g, security key and reordering), and pros and cons, comparing these two options [4], [5], [6], [7]. We compare these two options with regard to 0 ms MIT and signalling overhead.
2.3. 0 ms MIT

The DC-based HO can guarantee 0 ms MIT with SeNB (i.e., target eNB before an HO) addition. However, we cannot say for sure the DC-based HO can guarantee 0 ms MIT during the role change without resolving the security key confusion issue [6], [7], [8]. The UE and eNB might need to perform double deciphering of a PDCP PDU using two security keys to guarantee 0 ms MIT if the security key confusion issue remains unresolved.
Observation 1: The DC-based HO may not guarantee 0 ms MIT during the role change without resolving the security key confusion issue.
In addition, in the DC-based HO, DC 1A even with simultaneous connectivity with both source and target cell cannot guarantee 0 ms MIT as discussed in [9].
Observation 2: In the DC-based HO, DC 1A cannot guarantee 0 ms MIT.
On the contrary, the enhanced MBB HO can guarantee 0 ms MIT with simple simultaneous connectivity with both source and target cell. In the enhanced MBB HO, there is no the security key confusion issue. The UE can differentiate the security key to use for a PDCP PDU based on the RLC from which the PDU is received [7].
Observation 3: The enhanced MBB HO can guarantee 0 ms MIT during the whole HO procedure.

2.4. Signalling Overhead
Based on discussion papers [4]–[7], it is undisputed that the signalling overhead in the DC-based HO is larger than the enhanced MBB HO. The DC-based HO increases the signalling overhead at least more to perform the role change than the enhanced MBB HO. Furthermore, the DC-based HO can increase the signalling overhead more to perform the role change and new SeNB (i.e., source eNB before an HO) release than the enhanced MBB HO.

Observation 4: The signalling overhead in the DC-based HO is larger than the enhanced MBB HO.
3. Conclusion
Observation 1: The DC-based HO may not guarantee 0 ms MIT during the role change without resolving the security key confusion issue.

Observation 2: In the DC-based HO, DC 1A cannot guarantee 0 ms MIT.

Observation 3: The enhanced MBB HO can guarantee 0 ms MIT during the whole HO procedure.

Observation 4: The signalling overhead in the DC-based HO is larger than the enhanced MBB HO.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to further discuss the enhanced MBB HO and the DC-based HO with regard to 0 ms MIT and signalling overhead.
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