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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution analyses the performance of DC based and MBB based mechanisms for handover interruption time reduction.
Discussions
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, while MBB based approach proposes to have a new L2 protocol stack to have PDCP entities on both the source and target cells [2].
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Figure 1:	Characteristics of PDCP PDUs Dependency for Successful Transmission
This leads to different characteristics in data transmission during handover execution period:
· As illustrated in Figure 1 (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 1 (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 [3], [2] proposes transmissions over both the source and target cells but with no duplication; as shown in Figure 1 (c), this means PDUs from both the source and target cells have to be received successfully before delivery to upper layer can occur. 
In RAN2#106 meeting, the following agreements have been reached on the definition of interruption time that can be used for evaluation of different solutions:
Agreements
1:	Mobility interruption time means the shortest time duration supported by the system during which a user terminal is not able to exchange user plane packets with any base station during transitions.   
2:	RAN2 common understanding is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.
…

The purpose of interruption time reduction “is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.” And [4] also points out the importance of reliable communication during handover, not just notional 0ms interruption time – “The UE (at least dual Rx capable) can continuously monitor PDCCH with source and target during this time (i.e. attempt continuous reception) but it cannot be guaranteed the radio level communication is reliable. Even though there may notional 0 ms interruption time on radio level but at the application level user experience is degraded.” 
Transmission error would cause significant interruption in data delivery to upper layer, even if there is no interruption at PHY layer. In fact, the reordering and retransmission time would be larger than the RF chain switching time by an order of magnitude. Given transmission error rates of Ps and Pt for the source and target cells, respectively, the probability of delayed delivery of a burst of PDCP SDUs can be evaluated for Rel. 15 HO, DC based HO, MBB with duplication, and MBB without duplication as follows: 
· In Rel. 15 HO, for a burst of N packets, the probability of any transmission error equals to 1-(1-Pt)^N;
· In DC-based HO, for a PDCP PDU, loss of the PDU only occurs when neither of the two legs can transmit it successfully; therefore, for a burst of N packets, the probability of any loss equals to 1-(1-Ps*Pt)^N; 
· In MBB based HO with duplication, for a burst of N PDCP SDUs, if all the N PDCP PDUs transmitted on the source leg are successful and/or all the N PDCP PDUs transmitted on the target leg are successful, PDCP retransmission is not needed, which lead the probability of delivery problem to equal to [1-(1-Ps)^N]*[1-(1-Pt)^N];
· In MBB based HO without duplication, for a burst of N PDCP SDUs, if a half of their PDUs are generated and transmitted over the source cell and the other half of their PDUs generated and transmitted over the target cell, the probability of delivery problem equals to 1-(1-Ps)^(N/2)*(1-Pt)^(N/2).
[bookmark: _GoBack]Assuming a t-Reordering = 10 ms, Figure 2 shows the average interruption time in packet delivery to upper layer experienced by Rel. 15 HO, DC based HO, MBB with duplication, and MBB without duplication.

[bookmark: Observation1]Observation 1: DC based handover experiences much lower interruption time than Rel. 15 handover and MBB based handover. 
[bookmark: Observation2]Observation 2: If duplication is not supported, MBB based approach would perform even worse than Rel. 15 handover in terms of interruption time.
[bookmark: Proposal3][bookmark: Proposal]Proposal: Rel. 15 L2 protocol structure for DC should be taken as baseline for data transmission during handover for interruption time reduction.



Figure 2:	Average Interruption Time during Handover
[bookmark: _Ref129681832]Conclusions
This contribution analyses and compares the interruption time during handover for DC based and MBB based approaches, which leads to the observations and proposal as follows:
Observation 1: DC based handover experiences much lower interruption time than Rel. 15 handover and MBB based handover.  
Observation 2: If duplication is not supported, MBB based approach would perform even worse than Rel. 15 handover in terms of interruption time.
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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Souce Cell Error Rate = 5% 
Target Cell Error Rate = 1%
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