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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution provides detailed analysis in call flows of handover interruption time reduction, for both DC based and MBB based approaches. 
Enhancements to Handover Procedure
Figure 1 shows the modified handover procedure with enhancements to reduce the interruption time during handover process. The changes are made against the existing handover procedure [2], with those in Teal color representing the steps already in use but with additional/modified message elements and actions, and those in Blue color representing the newly added steps. 
The analysis is focused on the functional impacts; and neutral names are used for messages (following the existing handover procedure), for both DC based and MBB based approaches. This helps avoid confusion caused by different naming preferences – the exact name and format of the involved messages can be discussed in the future. In this way, it becomes clear that a general call flow is applicable to both DC based and MBB based approaches. The possible differences in the exact message contents and system behaviors are compared in Table 1.
For the sake of comparison with MBB HO solution, only a sub-set of DC HO solutions are covered by the unified call flow, where the addition and security context activation of the target cell are performed together. Based on the same DC L2 protocol structure, DC based HO solutions can also provide network with a range of flexibilities for targeted enhancements at different steps of HO execution [3].         
[bookmark: _Ref15228929][bookmark: Observation1]Observation 1: Though the exact contents and system behaviors may be different for certain steps, DC based and MBB based approaches share the same call flow for handover procedure, and have the same amount of Uu and Xn message exchanges.
[bookmark: _Ref15229419][bookmark: Observation2]Observation 2: DC based approaches reuse the same L2 protocol structure and PDCP duplication already defined in Rel-15 for simultaneous connections with the source and target cells during handover process.
[bookmark: _Ref15229875][bookmark: Observation3]Observation 3: MBB based approaches need to specify new L2 protocol structure and PDCP handling for simultaneous connections with the source and target cells during handover process.
[bookmark: Proposal]Proposal: The evaluation and comparison of DC based and MBB based approaches should be focused on their different L2 protocol structures and related PDCP handling, and the resulting performance in handover interruption time.


Figure 1: Handover Interruption Time Reduction Procedure





Table 1: Behaviors of the Modified and Added Steps
	Modified/Added Steps
	DC HO
	MBB HO

	4. HANDOVER REQUEST
6. HANDOVER REQUEST ACKNOWLEDGE
7. RRCReconfiguration
	a) the source and target cells coordinate the setting-up simultaneous connections with the UE;
b) the UE is informed of the security information and MAC/RLC/PDCP configurations for the connection with the target cell.

	8. Data Duplication/Split
9. User Data
	DL PDCP PDUs are generated at the source cell, their exact copies are sent to the target cell, and PDCP (PDU) duplication is performed, similar to what have already been defined in Rel.15.
	a) the source cell adds SN to PDCP SDUs and sends the partially generated PDUs to the target cell;
b) the target cells performs its own header compression/integrity protection/ciphering operations on the partially generated PDUs and generates the final PDUs;
c) either additional specifications are needed for PDCP (SDU) duplication if copies of PDCP SDU associated with the same SN are transmitted  from both the source or the target cells [4];
c’) or there is no duplication transmission for DL during handover [4]. 

	10. Connect to the Target Cell
	The UE establishes connection with the target cell, while maintaining connection with the source cell.
Note: at least this can be done through RACH procedure to the target cell.

	13. User Data
	PDCP duplication can be applied to both DL and UL transmission as specified in Rel. 15. 
	For both DL and UL:
Either additional specifications are needed for PDCP (SDU) duplication if copies of PDCP SDU associated with the same SN are transmitted from/to both the source or the target cells [4];
Or there is no duplication transmission for DL/UL during handover [4].

	14. HANDOVER STATUS
	The source cell is informed that the UE has established the connection with the target cell.

	17. Data Duplication/Split
18. User Data
	As what have already been defined in Rel. 15: 
1) For DL, PDCP PDUs are generated at the target cell, and their exact copies are sent to the source cell;
2) PDCP duplication can be applied to both DL and UL transmission.
	If there is still transmission over the source cell:
a) the target cell adds SN to PDCP SDUs and sends the partially generated PDUs to the source cell;
b) the source and target cells perform their own header compression/integrity protection/ciphering operations on the partially generated PDUs and generate the final PDUs.
If PDCP duplication is supported, additional specifications are needed for PDCP (SDU) duplication if copies of PDCP SDU associated with the same SN are transmitted from/to both the source and the target cells [4].

	23. RRCReconfiguration
24. RRCReconfigurationComplete
25. Detach from the source cell
	Release the L1/L2 (PHY/MAC/RLC/PDCP/SDAP)/L3 (RRC) configurations of the source cell.
Note: RAN2 has been following a general principle of avoiding RRC reconfiguration based on timers, as it’d make it hard to keep context synched-up between UE and network, and to really achieve the reduction in reconfiguration time.


[bookmark: _Ref129681832]
Conclusions
This contribution analyses the call flow of DC based and MBB based approaches for interruption time reduction during handover process, which leads to the observations and proposal as follows:
Observation 1: Though the exact contents and system behaviors may be different for certain steps, DC based and MBB based approaches share the same call flow for handover procedure, and have the same amount of Uu and Xn message exchanges. 
Observation 2: DC based approaches reuse the same L2 protocol structure and PDCP duplication already defined in Rel-15 for simultaneous connections with the source and target cells during handover process.
Observation 3: MBB based approaches need to specify new L2 protocol structure and PDCP handling for simultaneous connections with the source and target cells during handover process.
[bookmark: _GoBack]Proposal: The evaluation and comparison of DC based and MBB based approaches should be focused on their different L2 protocol structures and related PDCP handling, and the resulting performance in handover interruption time.
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