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1
Introduction
In the RAN2#93bis meeting, the solution 2 (Maintaining Source eNB Connection during Handover) has been discussed to reduce the service interruption in mobility events, and 8 Options have been raised in the email discussion “[93bis#28][LTE/Mobility enhancement] Discussion on solution 2 family email discussion”. This paper discusses the details of simultaneous data transmission in inter-eNB handover of the option proposed in [2], i.e. the Option 7 in email discussion. 
2
Discussion
As analyzed in [2], the service interruption in mobility events may be reduced to “zero” if there is no restriction that the source connection is always released when the UE has access to the target eNB but allow simultaneous data transmission in source and target sides similarly as dual connectivity during and even after handover. It means simultaneous Tx/Rx with source eNB and target eNB until the source cell is not available (e.g. based on measurement report). 
The following discussion is based on the assumption that Source eNB is not removed. The signalling flow to support simultaneous data transmission for inter-eNB handover is provided in the Figure 1:
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Figure 1: Signalling flow for inter-eNB handover
2.1 Phase I

The Target eNB is configured as the serving eNB before or during the handover preparation phase. If Target eNB is not serving eNB, from some perspective it can be regarded that Target eNB is “added” as SeNB during handover. It is just for the sake of convenience of unified description for DC case and SC case. Note that it does not mean that separate SeNB addition procedure is needed.
2.2 Phase II

Since Source eNB is not removed, some bearers may still be transmitted in Source eNB after handover. All the bearers can be divided into: bearers without anchor change (here anchor means the eNB with security function for the bearer), bearers with anchor change (to Target eNB). Certainly for the bearers without anchor change, the bearer types are changed, i.e. the MCG bearer becomes the SCG bearer and the SCG bearer becomes the MCG bearer after handover. It is desirable that the L2 entities are not reset/re-establishment for the bearers without anchor change in order to avoid the impacts to data transmission. The bearers with anchor change include source split bearer-> target split bearer and source MCG bearer->target MCG bearer. For source split bearer -> target split bearer, the L2 entities also do not need reset/re-establishment. For source MCG bearer->target MCG bearer, the L2 entities are reset/re-established.
Proposal 1: The L2 entities do not need reset/re-establishment for the bearers without anchor change and split bearer.
 If Target eNB is not serving eNB, anyway Source eNB needs to derive one key for Target eNB. From some perspective, it can be regarded that the key derivation is done for “SeNB addition”. However, for “PCell change”, in theory the key refreshment is unnecessary for one serving eNB without security degradation since the PDCP COUNT in the serving eNB is not reset or the PDCP COUNT is reset but the anchor is changed. It is also applicable when Target eNB is the SeNB. Anyway, it may need to be checked by SA3. 
Proposal 2: If Target eNB is not serving eNB, one key is derived by Source eNB for Target eNB, and the key of Source eNB maintains unchanged before and after handover; if Target eNB is the SeNB, the keys of both Source eNB and Target eNB maintain unchanged before and after handover. Ask SA3 to make further check.
2.3 Phase III

If the target cell is one serving cell, or Target eNB is the SeNB and the target cell belongs to one existing sTAG, the UE has the available TA to the target cell and no RACH is needed in this case.
Proposal 3: The UE doesn’t need to perform RACH procedure if the target cell is one serving cell, or Target eNB is the SeNB and the target cell belongs to one existing sTAG.
2.4 Phase IV
As illustrated in Figure 1, the target eNB sends the success indicator towards the source eNB after receiving the RRC Connection Reconfiguration Complete message as well as sends the Path Switch Request message to the MME. Compared with the existing handover procedure, the SN Status Transfer procedure and data forwarding shall be performed after the source eNB receives the success indicator. 
Proposal 4: SN Status Transfer and data forwarding are performed after the source eNB receives the success indicator from the target eNB.
For the bearers with anchor change (i.e. source MCG bearer->target MCG bearer, source split bearer->target split bearer), after sending the SN Status Transfer message, the anchor is changed to Target eNB and the source eNB stops DL PDCP SN allocation, but continues to transmit DL PDCP PDU in RLC buffer. Then Source eNB performs the data forwarding procedure, including DL PDCP SDU (if any) and UL PDCP SDU (if any).
For target MCG bearers or target SCG bearers, they are only related to one serving eNB. The protocol stack is same as Rel-8. For split bearers, after handover there are two alternatives:

· Alt 1: Common security function in Target eNB, i.e. DC based solution
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Figure 2: Common security function in Target eNB
· Alt 2: Security function separately in Source eNB and Target eNB
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Figure 3: Security function separately in Source eNB and Target eNB
With Alt1, the ciphering and integrity protection is always handled by Target eNB. It is in line to the Rel-12 DC.
With Alt2, both the source eNB and the target eNB have its own PDCP sublayer for ciphering and integrity protection, thus the data is handled by the source eNB or the target eNB with the corresponding key and algorithm. PDCP reordering layer in Target eNB is used for in-order delivery.
Proposal 5:  Kindly ask RAN2 to take the above two alternatives into account for split bearer.
2.5 Phase V

When the signal of Source eNB degrades to certain threshold, the UE triggers the measurement report. Then Source eNB is removed and all the transmission is transferred to Target eNB.
3
Conclusion
In this paper we further discuss the simultaneous data transmission in inter-eNB handover case and propose:

Proposal 1: The L2 entities do not need reset/re-establishment for the bearers without anchor change and split bearer.
Proposal 2: If Target eNB is not serving eNB, one key is derived by Source eNB for Target eNB, and the key of Source eNB maintains unchanged before and after handover; if Target eNB is the SeNB, the keys of both Source eNB and Target eNB maintain unchanged before and after handover. Ask SA3 to make further check.
Proposal 3: The UE doesn’t need to perform RACH procedure if the target cell is one serving cell, or Target eNB is the SeNB and the target cell belongs to one existing sTAG.
Proposal 4: SN Status Transfer and data forwarding are performed after the source eNB receives the success indicator from the target eNB.
Proposal 5:  Kindly ask RAN2 to take the above two alternatives into account for split bearer.
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