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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution compares DC based and MBB based mechanisms for handover interruption time reduction.

Correction of misinformation about DC based approach
There is inaccurate statement that DC based approach would not be applicable to intra-frequency handover, as DC has only been defined for inter-frequency scenarios. This confuses what’s available in Rel. 15 with what needs to be worked on in this Rel. 16 mobility enhancement work item: 
· DC defined in Rel. 15 NR is basically a reuse of what’s defined in LTE for throughput enhancement. Given the limited potential in throughput increase in intra-frequency deployment (without possible beamforming in high frequency band), the specification works of DC have been focused on inter-frequency scenarios.
· MBB has not been defined for any deployment scenarios in Rel. 15, neither for inter-frequency nor for intra-frequency.
· The feasibility of dual Rx/Tx for 0ms interruption time is determined by the condition of UE RF chains (e.g., the number and the conduct on deployed spectrum), which is the same to both DC based and MBB based approaches.
Hence, it is false to suggest DC based approach would have more limited deployment scenarios than MBB based approaches.
[bookmark: Observation1]Observation 1: It is false to suggest DC based approach would have more limited deployment scenarios than MBB based approaches.
Another misstatement is that DC based approach would incur more signaling overhead during handover procedure. [1] provides detailed analysis of the call flow for both the DC based and MBB based approaches, and arrives at the following observation:
[bookmark: _Ref15228929][bookmark: Observation2]Observation 2: DC based and MBB based approaches can share the same call flow for handover procedure, and have the same amount of Uu and Xn message exchanges.
DC based HO reuses Rel. 15 L2 protocol structure of split bearer for simultaneous connections to both the source and target cells during handover execution. However, it doesn’t require UE/network to support Rel. 15 DC - e.g., the call flow in [1] shows that DC related measurement and reporting are not needed during handover process.  Given that DC based HO solutions share the same L2 protocol structure as Rel. 15 DC, it can also provide network with a range of flexibilities for targeted enhancements at different steps of HO execution, if Rel. 15 DC is supported by UE and network [6].
[bookmark: Observation3]Observation 3: DC based mechanism for handover interruption time reduction doesn’t require UE/network to support Rel. 15 DC as a prerequisite.
Difference between DC based approach and MBB based approaches
In order to reduce handover interruption time during handover execution period, both DC based and MBB based approaches use simultaneous data connections to the source and target cells [1]. But DC based approach re-uses Rel. 15 L2 (MAC/RLC/PDCP) protocol structure of split bearer, while MBB based approach proposes to have a new L2 protocol stack to have PDCP entities on both the source and target cells [2]. Figure 1 (a) illustrates the L2 protocol structure of DC based approach reusing Rel. 15 split bearer structure [3],  and Figure 1 (b) shows the split-within-PDCP approach of MBB based mechanisms [2].
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(b)
Figure 1: L2 Protocol Structures of DC based and MBB based Mechanisms
[4] analyses and compares the additional specification works required for DC based and MBB based enhancements for handover interruption time reduction, which leads to the following observations:
[bookmark: Observation4]Observation 4: Rel. 15 L2 protocol structure for DC can be reused with minimal specification works for handover interruption reduction, and it can fully support functionalities for URLLC and Industrial IoT services during handover.
[bookmark: Observation5]Observation 5: MBB based approaches deviate from Rel. 15 L2 protocol structure, and requires significant amount of specification works to supports functionalities needed by URLLC and Industrial IoT services during handover.
The difference in L2 protocol structures between DC based and MBB based mechanisms also leads to very different characteristics in data transmission during handover execution period [5]:
· As illustrated in Figure 2 (a), DC based HO can utilize Rel. 15 PDCP duplication, and send duplicate PDCP PDUs over both the source and target cells to reduce transmission latency; that is, for each PDCP PDU, the transmitted copies from the source and target cells are complementary and exchangeable to each other;
· Since MBB based approaches need to perform ROHC and security operations on both the source and target cells, duplication can be done only on PDCP SDUs, as shown in Figure 2 (b); that is, a PDU of SN=n and with the source cell context is not exchangeable/replaceable with a PDU of the same SN=n but with the target cell context, and PDUs of consecutive SN but with contexts not of the same cell can’t be delivered for ROHC decompression; hence, at least either all PDUs from the source cells or all PDUs from the target cells have to be received correctly;
· Given the significant specification works required for MBB duplication, [2] proposes transmissions over both the source and target cells but with no duplication; as shown in Figure 2 (c), this means PDUs from both the source and target cells have to be received successfully before delivery to upper layer can occur.
[image: ]
Figure 2:	Characteristics of PDCP PDUs Dependency for Successful Transmission
These different transmission characteristics accomplish large discrepancies in transmission reliability and interruption time, as shown in Figure 3 [5]. 
[bookmark: Observation6]Observation 6: DC based handover experiences much lower interruption time than Rel. 15 handover and MBB based handover. 
[bookmark: Observation7]Observation 7: If duplication is not supported, MBB based approach would perform even worse than Rel. 15 handover in terms of reliability and interruption time.
[bookmark: Proposal3][bookmark: Proposal]In summary, by having separate PDCP functionalities on both the source and target cells for a radio bearer, MBB based approaches deviate from Rel. 15 L2 protocol structure, which doesn’t address any real issue but lead to serious performance degradation and significant complexity in specification works. Furthermore, not supporting duplication as suggested by [2] deviates also from the principle of “Make Before Break”[footnoteRef:1], as the transmission paths from the source cell and target cell become critical, not complementary, to each other, which leads to worse performance than Rel. 15 HO, as it is determined by the weaker link between the source and target cells.  [1:  “Make Before Break” is used in soft/softer handover, where messages are sent over both the source and target cells, i.e., duplication is done.] 

Proposal: Rel. 15 L2 protocol structure for DC should be taken as baseline for data transmission during handover for interruption time reduction.

Figure 3: Average Interruption Time during Handover
[bookmark: _Ref129681832]Conclusions
This contributions compares DC based and MBB based mechanisms for the interruption time reduction during handover.
Observation 1: It is false to suggest DC based approach would have more limited deployment scenarios than MBB based approaches.  
Observation 2: DC based and MBB based approaches can share the same call flow for handover procedure, and have the same amount of Uu and Xn message exchanges.
Observation 3: DC based mechanism for handover interruption time reduction doesn’t require UE/network to support Rel. 15 DC as a prerequisite.
Observation 4: Rel. 15 L2 protocol structure for DC can be reused with minimal specification works for handover interruption reduction, and it can fully support functionalities for URLLC and Industrial IoT services during handover.
Observation 5: MBB based approaches deviate from Rel. 15 L2 protocol structure, and requires significant amount of specification works to supports functionalities needed by URLLC and Industrial IoT services during handover.
Observation 6: DC based handover experiences much lower interruption time than Rel. 15 handover and MBB based handover.
Observation 7: If duplication is not supported, MBB based approach would perform even worse than Rel. 15 handover in terms of reliability and interruption time.
In summary, by having separate PDCP functionalities on both the source and target cells for a radio bearer, MBB based approaches deviate from Rel. 15 L2 protocol structure, which doesn’t address any real issue but lead to serious performance degradation and significant complexity in specification works. Furthermore, not supporting duplication as suggested by [2] deviates also from the principle of “Make Before Break”, as the transmission paths from the source cell and target cell become critical, not complementary, to each other, which leads to worse performance than Rel. 15 HO, as it is determined by the weaker link between the source and target cells. 
Proposal: Rel. 15 L2 protocol structure for DC should be taken as baseline for data transmission during handover for interruption time reduction.
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Target Cell Error Rate = 1%
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