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1	Introduction
During the LTE mobility enhancements session at RAN2#106 in Reno, the following was agreed for data interruption [1]:

Agreements

1	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
[bookmark: _Hlk16613283]2	UL PUSCH switches from source to target after reception of the first UL grant from the target eNB


Agreements

1	We will not specify single active protocol stack solution (option 0/1/2)
2	We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized and UE capabilities are exceeded (we may leave this up to UE implementation).


Based on the current RAN2 agreements, this contribution identifies the characteristics and building blocks of the solution to minimize the HO interruption and also consider other evaluation criteria. The solution is here labelled as “enhanced make-before-break handover”.
[bookmark: _Ref178064866]2	Discussion
2.1	Reuse of solutions and specification work between LTE and NR
[bookmark: _Hlk16065502]For LTE, the discussion on handover interruption reduction has so far gained more progress than for NR (naturally due to earlier start of the WI).  We note that for LTE, at RAN2#105,  the ”non-split bearer” solution candidate was selected for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility. In [2], we propose to also use a “non-DC based solution” for NR. One of the arguments is to be able to reuse specification work done by LTE for NR and vice versa. We observe:
[bookmark: _Toc16749611]Reuse between LTE and NR solutions greatly reduces the specification effort as we already have seen for the related work on conditional handover.
2.2	Control plane aspects
When designing the handover solution with minimal interruption there are a number of control plane aspects, namely:
· RRC procedure to use
· How to release the source cell
· Capability and TDM pattern negotiation 
Below, we discuss them one by one.
2.2.1	RRC procedure to use
To avoid unnecessary UE and network complexity, as well as minimizing specification effort, we should aim basing the enhanced make-before-break handover procedure on the existing procedures when possible.
[bookmark: _Hlk16612335][bookmark: _Hlk16612124]When we enter stage-3 and RRC specification, we need to consider where to specify such an enhanced make-before-break handover procedure. Naturally, also the enhanced make-before-break handover should be based on the current “handover” procedure in RRC: 5.3.5.4 Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover). Rather than defining a new RRC procedure we should reuse the existing RRC Connection Reconfiguration framework to avoid double specification.
We propose:
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc16749622]The enhanced make-before-break handover should be based on the RRC procedure for RRC Connection Reconfiguration including the mobilityControlInfo.
In order to trigger the UE specific actions for enhanced make-before-break handover (e.g. to start the sync and random access on target cell before releasing the source cell), and distinguish it from the legacy handover, an information element in the RRCConnectionReconfiguration message is needed, in the same way as the “makeBeforeBreak” IE was added for LTE Rel-14.
[bookmark: _Toc16749612]An information element is needed to distinguish the “enhanced make-before-break handover” from other types of “handover”. 
2.2.2	Detach of source cell
[bookmark: _Hlk16614067]In [4], we discuss how to release the source cell during enhanced make-before-break handover. There are two main approaches for releasing the source connection:
· Explicit release of source connection: For example by an RRC message from the target gNB. In [4] we propose as an alternative to use an in-band indicator from the source access node.
· Implicit release of source connection: A trigger is defined in UE that needs no extra signalling. In [4] we propose to use a timer that is started when the UE has completed the RA procedure in target cell.
We think the connection to the source cell should be released without requiring an additional RRC reconfiguration procedure in the target cell. One reason is that the release implies a separate network-initiated procedure (such as using the RRCReconfiguration and RRCReconfigurationComplete messages) and the UE behavior needs anyway to be specified when it does not receive such a message and it is forced to release the source connection for some reason. There has been different proposals on triggers for releasing the source cell, e.g.:
· Ordering the UE to release the source cell in an RRC message from the target gNB
· UE autonomously releasing the source cell, with or without notifying the source or target 
· Ordering the UE to release the source cell by an inband indicator from the source gNB
· Timer-based release: The UE detaches from the source cell when a timer expires. This is simple to specify and is our preferred solution.
We think the connection to the source cell should be released without requiring an additional RRC message in the target cell. One reason is that the release implies a separate network-initated procedure (such as using the RRCConnectionReconfiguration and RRCConnectionReconfigurationComplete messages). 
[bookmark: _Toc16749623]The enhanced make-before-break handover should not require an additional RRC message to release the source cell.
2.2.3	Capability and TDM pattern negotiation
In [3] we discuss capability coordination for enhanced make-before-break handover. As already agreed for, capability coordination will be optional for eMBB.
[bookmark: _Toc16749613]An optional capability coordination function as well as a fallback behaviour when the capability coordination function is not used needs to be specified.
In [3] we also discuss TDM pattern negotiation for enhanced make-before-break handover. We argue that since there will not be simultaneous UL data transmission from the UE to both source and target, TDM patterns are not strictly needed or at least not mandatory as any scheduling conflicts between e.g. UL data to target cell and RLC feedback to source cell can be resolved internally in the UE.
[bookmark: _Toc16700908][bookmark: _Toc16749614]There is no need for TDM patterns to be mandatory for the UL case. As a fallback solution scheduling conflicts between two UL connections can be resolved internally within the UE and therefore left for implementation.
We therefore propose:
[bookmark: _Toc16700919][bookmark: _Toc16749624]The solution for enhanced make-before-break handover should not require the network to perform coordination of UE capabilities and TDM patterns between source and target.
2.3	Use plane aspects
When designing the handover solution with minimal interruption there are a number of user plane aspects, e.g.
· Switch of uplink
· Packet duplication in UL and DL
· Handling of ROHC
· Data forwarding
Below, we discuss them one by one.
2.3.2	Switch of uplink 
At last RAN2 meeting, there was an agreement “UL PUSCH switches from source to target after reception of the first UL grant from the target eNB”. In [5], we discuss uplink transmission handling and argue why only uplink data transmission should be switched rather than whole PUSCH. if PUSCH is switched from source to target at handover the source node will no longer be able to receive L2 control information (such as RLC status reports) from the UE. This may cause multiple negative effects in the source eNB, such as unneccessary retransmissions, RLC window stalling and RLF. From that contribution, we observe:
[bookmark: _Toc16749615]The agreement “UL PUSCH switches from source to target after reception of the first UL grant from the target eNB” at RAN2#106 needs to be updated to: only UL data transmission is switched from source to target at handover, not the whole PUSCH.
After the UE has completed the random-access procedure, new and retransmitted PDCP packets are only sent to the target cell, while the UE may still receive PDCP packets from both the source cell and the target cell.
2.3.3 	Packet duplication in UL and DL
[bookmark: _Hlk16600575]At RAN2#106 it was agreed that “PDCP packet duplication” does not need to be supported for NR. This can be interpreted in different ways, depending on whether we discuss uplink or downlink:
· For UL, we think that specification changes would be needed to perform packet duplication on PDCP level. We also think duplication of data on UL adds unnecessary complexity and is not compatible with existing agreements on switch of UL transmission.
· For DL, since the PDCP layer already supports duplicate detection for the receiver PDCP entity, it is up to the network implementation to utilize this.
If PDCP packet duplication is not required for NR, we draw the conclusion that given the interruption time requirements for LTE and less strict than for NR, the same will apply for LTE:
[bookmark: _Toc16749616]Also for LTE, there is no requirement on the UE to perform PDCP packet duplication in the UL. 
[bookmark: _Toc16749617]In the DL network may utilize PDCP packet duplication and the UE shall discard duplicate PDCP packets. This has no stage-3 specification impact.
2.3.4	Handling of ROHC
In [6], we discuss ROHC aspects for enhanced make-before-break handover. From this paper we conclude: 
[bookmark: _Toc16749618]The ROHC state is reset for the target node, i.e. there is no transfer of ROHC state from source to target node.
[bookmark: _Toc16749619]The UE should be allowed to transmit ROHC feedback to source node as long as the source node transmits DL data. 
[bookmark: _Toc16749620]To avoid ROHC context synchronization errors in the DL the target node should ensure that the first DL packet received by the UE from from the target node is an IR packet.
[bookmark: _Toc16749621]To avoid ROHC context synchronization errors in the UL the UE should ensure that the first packet received by the target node from the UE is an IR packet.
2.3.5	Data forwarding
In [7], we discuss data forwarding aspects for enhanced make-before-break handover. We argue that   early start of data forwarding is more reliable since the target node can start sending DL packets  immediately when the UE has accessed the target cell.  We also discuss the  need for conveying PDCP SN and HFN transmitter status to the target gNB using SN STATUS TRANSFER, possibly multiple times.   A final decision on the data forwarding topics needs to involve RAN3. We propose:
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[bookmark: _Toc16700921][bookmark: _Toc16749625]Early data forwarding should be used for enhanced make-before-break handover and the PDCP SN and HFN transmitter status should be conveyed to the target gNB using SN STATUS TRANSFER. 
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4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Reuse between LTE and NR solutions greatly reduces the specification effort as we already have seen for the related work on conditional handover.
Observation 2	An information element is needed to distinguish the “enhanced make-before-break handover” from other types of “handover”.
Observation 3	An optional capability coordination function as well as a fallback behaviour when the capability coordination function is not used needs to be specified.
Observation 4	There is no need for TDM patterns to be mandatory for the UL case. As a fallback solution scheduling conflicts between two UL connections can be resolved internally within the UE and therefore left for implementation.
Observation 5	The agreement “UL PUSCH switches from source to target after reception of the first UL grant from the target eNB” at RAN2#106 needs to be updated to: only UL data transmission is switched from source to target at handover, not the whole PUSCH.
Observation 6	Also for LTE, there is no requirement on the UE to perform PDCP packet duplication in the UL.
Observation 7	In the DL network may utilize PDCP packet duplication and the UE shall discard duplicate PDCP packets. This has no stage-3 specification impact.
Observation 8	The ROHC state is reset for the target node, i.e. there is no transfer of ROHC state from source to target node.
Observation 9	The UE should be allowed to transmit ROHC feedback to source node as long as the source node transmits DL data.
Observation 10	To avoid ROHC context synchronization errors in the DL the target node should ensure that the first DL packet received by the UE from from the target node is an IR packet.
Observation 11	To avoid ROHC context synchronization errors in the UL the UE should ensure that the first packet received by the target node from the UE is an IR packet.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The enhanced make-before-break handover should be based on the RRC procedure for RRC Connection Reconfiguration including the mobilityControlInfo.
Proposal 2	The enhanced make-before-break handover should not require an additonal RRC message to release the source cell.
Proposal 3	The solution for enhanced make-before-break handover should not require the network to perform coordination of UE capabilities and TDM patterns between source and target.
Proposal 4	Early data forwarding should be used for enhanced make-before-break handover and the PDCP SN and HFN transmitter status should be conveyed to the target gNB using SN STATUS TRANSFER.
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