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Introduction
At the RAN#80 meeting in June 2018, a new Rel-16 WI was approved [1] with the purpose to further enhance LTE mobility by reducing handover interruption time and improve mobility robustness. 
[bookmark: _Hlk3298992]At the RAN2#105 meeting it was agreed to specify the “non-split bearer” candidate solution (a.k.a. the enhanced Make-Before-Break (MBB) solution) for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.
Although no decision has been taken yet on the two candidate protocol stack solutions (single active protocol stack vs dual active protocol stacks), it was concluded at the RAN2#105bis meeting that any solution specified will be modelled as a single PDCP entity on the UE side.
In this paper we discuss some user plane aspects on the enhanced MBB handover solution using a “compromise solution” of the dual active protocol stack solution.
Discussion
Dual active protocol stack solution
If a single active protocol stack solution is not agreeable to companies in RAN2, a “compromise solution” of the dual active protocol stack solution may be a way forward.
The somewhat simplified dual active protocol stack solution proposed is characterized by the following:
· No capability coordination to take place between the source node and the target node.
· No TDM patterns will be defined to support simultaneous UL transmission in the source cell and in the target cell. If simultaneous UL transmission is not possible e.g. in case of intra-frequency handover, a simple approach in which the UE prioritize UL transmission in the target cell shall be applied.
· After the UE has completed the random-access procedure, new and retransmitted PDCP packets (i.e. packets that were not successfully received in the source eNB) are only sent to the target cell, whereas the UE may still receive PDCP packets from both the source cell and the target cell.
· The connection to the source cell should be released without requiring an additional reconfiguration message in the target cell.
UE and network user plane protocol stacks
Figure 1 below shows the user plane protocol stacks and the packet data flow between the UE and the eNBs (source and target) at an inter-node handover when enhanced MBB is configured.
In the “compromise solution” the source protocol stack in the UE is kept active after the completion of the random-access procedure, allowing the UE to receive PDCP packets from both the source cell and the target cell until the connection to the source eNB is released. Transmission of new UL PDCP packets and retransmission of PDCP packets that were not successfully received in the source eNB are however only sent to the target eNB.
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Figure 1 UE and network user plane protocol stack to support 0ms HO interruption time
The key steps to support 0ms HO interruption time by means of enhanced MBB are as follows:
For the UE, the Handover Execution procedure starts at reception of the RRCConnectionReconfiguration message (Handover Command). This is also the point in time when the target protocol stack (PHY_T/MAC_T/RLC_T in Figure 1) and the single PDCP entity is setup in the UE.
After sending Handover Command to the UE, the source eNB continues to send DL PDCP PDUs to the UE (step 1 in Figure 1) while the same packets are forwarded to the target eNB (step 3) using early data forwarding as proposed in [2].
As according to the agreement from RAN2#105, assignment of PDCP Sequence Numbers (SN) for DL transmission is done in the source eNB. PDCP SDUs and SN assigned to each SDU are forwarded to the target eNB as in step 3 (in fact only the SN of the first forwarded PDCP SDU need to be indicated to the target eNB, provided PDCP SDUs are forwarded in sequence, ref [2]).
The UE continues to send and receive PDCP PDUs to/from the source eNB (step 1 and 2) as before the Handover Command was received, using the source protocol stack and the source security context, while synchronizing and performing random-access in the target cell using the PHY_T/MAC_T layers in the target protocol stack.
It is assumed that the source eNB continues to send UL PDCP SDUs to the Security Gateway (SGW) on the old S1-U path until the “end marker” packet is received from the SGW, although forwarding of UL data to the target eNB (i.e. in a similar way as forwarding of DL data) is also a possible solution, see further [2]. 
At completion of the random-access procedure (RAR in case of CFRA, after contention resolution in case of CBRA), the UE stops sending user data in the source cell. From now on new and retransmitted UL PDCP PDUs, i.e. PDUs that were not successfully received in the source eNB, are only transmitted in the target eNB using the target protocol stack and the target security context (step 4). The source protocol stack is kept active for continued reception of DL PDCP PDUs from the source eNB (step 1) while at the same time the UE may receive DL PDCP PDUs from the target eNB (step 5). 
In the UE, the source and the target protocol stacks (PHY/MAC/RLC) are associated to a single PDCP entity which hosts a common set of functions for SN allocation (UL), re-ordering and duplication detection (DL). The single PDCP entity also provides a function handling separate security (deciphering/ciphering) and ROHC contexts (header decompression/compression), one security/ROHC context for reception and transmission of user data to/from the source cell (transmission of user data to the source cell only until the random-access procedure is completed) and one security/ROHC context for transmission/reception of user data to/from the target cell.
[bookmark: _Hlk206246]Whenever a PDCP PDU is received in the UE, the PDCP layer knows, based on which RLC entity delivers the packet (RLC_S or RLC_T), which security context to use for deciphering and which ROHC context to use for header decompression.
PDCP SNs are maintained throughout the Handover procedure. SNs of DL PDCP PDUs are assigned at a single point in the network (in the source eNB as long as data forwarding is active, thereafter in the target eNB), thereby the re-ordering and duplication detection in the UE need to be done in a common function in the PDCP layer.
For the UL, SN allocation is done in the common function in the PDCP layer while the security context (ciphering) and ROHC context (header compression) is selected based on the destination of the PDU (source or target cell).
For UL transmission and SN continuation, the source eNB need to convey the UL PDCP SN receiver status (and HFN receiver status) to the target eNB when the UE stops transmitting to the source eNB. If a new X2AP message is introduced to indicate that the UE has completed the handover, the source eNB can at reception of this message send an SN STATUS TRANSFER message to the target eNB conveying the UL PDCP SN receiver status and the HFN receiver status.
The source protocol stack in the UE is kept active until the source eNB stops transmitting DL PDCP PDUs. The release of the source protocol stack is done implicitly by the UE. This is FFS.
When deactivating/releasing the source protocol stack, the UE may send a PDCP Status Report for each RLC-AM bearer configured to the UE, to assist the target eNB with PDCP duplication check of DL PDUs (step 6). Depending on when the source protocol stack is released, the PDCP Status Report is either sent together with the Handover Complete message (multiplexed on MAC level if the provided UL grant is sufficiently large) or after the Handover Complete has been sent. 
The purpose of sending the PDCP Status Report (in this context) is to inform the target eNB of the receiver status in the UE when leaving the source cell, i.e. at the point when sending the PDCP Status Report the UE will not receive any more PDCP packets from the source eNB.
Based on the content in the PDCP Status Report, the target eNB performs PDCP duplication check and starts to send DL PDCP PDUs to the UE from the first missing PDCP SN as reported by the UE, thus minimizing the number of duplicated packets sent over the radio interface.

[bookmark: _Hlk7617580][bookmark: _Toc7618046][bookmark: _Toc7620143][bookmark: _Toc7693725][bookmark: _Toc528230370][bookmark: _Toc528240948][bookmark: _Toc528760044][bookmark: _Toc208009][bookmark: _Toc208079][bookmark: _Toc344950][bookmark: _Toc345041][bookmark: _Toc346568][bookmark: _Toc453059][bookmark: _Toc456649][bookmark: _Toc456772][bookmark: _Toc536424][bookmark: _Toc787660][bookmark: _Toc788093][bookmark: _Toc790074][bookmark: _Toc808336][bookmark: _Toc1048787][bookmark: _Toc4073273][bookmark: _Toc4074608][bookmark: _Toc4076693][bookmark: _Toc4076953][bookmark: _Toc4678382][bookmark: _Toc7166921][bookmark: _Toc7178740]When enhanced Make-Before-Break (MBB) is configured, the UE maintains two PHY/MAC/RLC protocol stacks and one common PDCP entity during the Handover Execution phase.
[bookmark: _Toc7618047][bookmark: _Toc7620144][bookmark: _Toc7693726]The single PDCP entity hosts a common set of functions for SN allocation (UL), re-ordering and duplication detection (DL) and a common function handling separate security contexts (deciphering/ciphering) and ROHC context for source and target cell.
[bookmark: _Toc7618048][bookmark: _Toc7620145][bookmark: _Toc7693727][bookmark: _Toc208010][bookmark: _Toc208080][bookmark: _Toc344951][bookmark: _Toc345042][bookmark: _Toc346569][bookmark: _Toc453060][bookmark: _Toc456650][bookmark: _Toc456773][bookmark: _Toc536425][bookmark: _Toc787661][bookmark: _Toc788094][bookmark: _Toc790075][bookmark: _Toc808337][bookmark: _Toc1048788]After completing the random-access procedure, DL user data may be received simultaneously from the source cell and the target cell. Based on which RLC entity delivers the DL PDCP PDU, the PDCP layer in the UE knows which security context and which ROHC context to use.
[bookmark: _Toc7618049][bookmark: _Toc7620146][bookmark: _Toc7693728]For UL transmission, the choice of security context and ROHC context is based on the destination of the PDU (source or target cell). After completing the random-access procedure, UL user data is only sent in the target cell.
[bookmark: _Toc4073274][bookmark: _Toc4074609][bookmark: _Toc4076694][bookmark: _Toc4076954][bookmark: _Toc4678383][bookmark: _Toc7166922][bookmark: _Toc7178741][bookmark: _Toc7618050][bookmark: _Toc7620147][bookmark: _Toc7693729][bookmark: _Toc208011][bookmark: _Toc208081][bookmark: _Toc344952][bookmark: _Toc345043][bookmark: _Toc346570][bookmark: _Toc453061][bookmark: _Toc456651][bookmark: _Toc456774][bookmark: _Toc536426][bookmark: _Toc787662][bookmark: _Toc788095][bookmark: _Toc790076][bookmark: _Toc808338][bookmark: _Toc1048789]PDCP SNs of DL and UL PDUs are maintained throughout the Handover procedure. PDCP SN of DL PDUs is allocated in a single point in the network (in the source eNB as long as DL data forwarding is active, thereafter in the target eNB). In the UE, SN continuity of UL PDCP PDUs is maintained in the common SN allocation function in the UE.
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	When enhanced Make-Before-Break (MBB) is configured, the UE maintains two PHY/MAC/RLC protocol stacks and one common PDCP entity during the Handover Execution phase.
Proposal 2	The single PDCP entity hosts a common set of functions for SN allocation (UL), re-ordering and duplication detection (DL) and a common function handling separate security contexts (deciphering/ciphering) and ROHC context for source and target cell.
Proposal 3	After completing the random-access procedure, DL user data may be received simultaneously from the source cell and the target cell. Based on which RLC entity delivers the DL PDCP PDU, the PDCP layer in the UE knows which security context and which ROHC context to use.
Proposal 4	For UL transmission, the choice of security context and ROHC context is based on the destination of the PDU (source or target cell). After completing the random-access procedure, UL user data is only sent in the target cell.
Proposal 5	PDCP SNs of DL and UL PDUs are maintained throughout the Handover procedure. PDCP SN of DL PDUs is allocated in a single point in the network (in the source eNB as long as DL data forwarding is active, thereafter in the target eNB). In the UE, SN continuity of UL PDCP PDUs is maintained in the common SN allocation function in the UE.
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