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

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.
3: 	RAN2 aim to develop protocol design to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.
4: 	For achieving the aim of agreement 3, RAN2 targets a single solution
5: 	Interruption time reduction in DL to be prioritized, but UL will still be considered. 

Moreover, between RAN2#105bis and RANB#106, an e-mail discussion was organised to identify commonality and differences of the HO interruption time solutions based on DC and non-DC [3]. The outcome of the discussion resulted in the following set of the agreements at RAN2#106.

Agreements
[bookmark: _Hlk16075689]1	PDCP packet duplication does not need to be supported in combination with the HO interruption solution (but doesn't preclude that it might be possible to support it and it may be beneficial in some cases)

2	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
	
[bookmark: _Hlk15916014]3	There is a point in time where the UL PUSCH switches from source to target.

Based on the current RAN2 agreements, this contribution identifies the characteristics and building blocks of such a “single solution” (mentioned in agreement 4 in the first set of agreements), to reach the 0ms HO interruption target and also consider other evaluation criteria.
[bookmark: _Ref178064866]2	Discussion
2.1	DC vs non-DC based solution
Until now, multiple contributions have been submitted from companies in order to compare DC and non-DC based solutions and then typically propose one or the other alternative solution as the way forward. In [2], we compare a DC based handover and “make-before-break handover” (a k a non-DC based handover) using the RAN2 agreed evaluation criteria and proposed to specify “make-before-break handover” as the single solution for NR. One of our main arguments for a non-DC solution is the additional UE and network complexity required to implement the DC framework. 
Another argument we had for non-DC is the amount of signalling required for DC as it as in the currrent DC framework needs a first step setup the target as secondary node, in a second step to perform the role switch from source to target and optionally a third step to remove the source. Comparing to the legacy Rel-15 handover procedure, a solution that requires up to three separate procedures to perform a handover targeting 0ms handover interruption we don’t see as attractive for multiple reasons. In [3] it was however pointed out that a DC-based handover could theoretically be performed in a single step if allowed in specifications – if the three steps would be performed by the same RRC message –even if this is not possible now. 
[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. The “non-split bearer solution” translates  into the “non-DC based solution” for NR. Since reuse between LTE and NR solutions greatly reduces the specification effort as we already have seen for the related work on conditional handover, we observe:
[bookmark: _Toc16749626]A non-DC based solution has already been chosen as the solution for reduced handover interruption in the Rel-16 LTE mobility enhancements WI. If this is adopted also for NR, parts of the specification work for LTE can potentially be re-used for NR and vice versa.
Moreover, in [4] we discuss the signalling procedure for SCG change with minimal interruption in case it would be supported (note that SCG change should be targeted according to the WID).  As described in [4], to use a DC based solution for the SCG change procedure would mean that the UE would be configured with a further 2nd SCG, which then would be switched to become the “1st SCG” during the SCG change procedure. During the procedure, the UE would thus need to be configured with an MCG and two separate SCGs, i.e. a Multi Connectivity configuration. The related SCG change signalling procedure for minimal interruption will then also become a lot more complex for a DC based solution compared to a non-DC based one.
In order to achieve an SCG change procedure with minimal interruption we should therefore study an enhanced make-before-break solution.
[bookmark: _Toc16526717][bookmark: _Toc16749627]To use a DC based solution for SCG change would mean that the UE needs to be configured with an MCG and two separate SCGs during the procedure.
As conclusion we propose:
[bookmark: _Toc16749640]RAN2 to confirm that for NR specify a non-DC based solution for the handover with minimal interruption.
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 handover procedure with minimal interruption on the existing procedures when possible.
In [6], we make a first analysis of the stage-2 impact to support a non-DC based solution for handover with minimal interruption (a k a “make-before-break handover”) for NR. For example, we identify the need for a make-before-break indicator in the handover preparation and execution messages. Even if not all stage-2 impact is identified yet (due to lack of certain agreements of the solution), it is clear that the stage-2 handover procedure can be used as a base to also support minimal interruption using make-before-break.
[bookmark: _Toc16749628]The stage-2 handover procedure can be used as a base to also support minimal interruption using make-before-break.
For the legacy handover, the stage-2 procedure is implemented by RRC Reconfiguration for the stage-3 radio interface in the control plane. When we enter stage-3 and RRC specification, we need to consider where to specify such a make-before-break procedure. Naturally, handover with minimal interruption should preferably be based on the current “handover” procedure in RRC - RRC Reconfiguration-> Cell Group configuration-> Reconfiguration with sync. Rather than defining a new RRC procedure we should reuse the existing RRC Reconfiguration framework to avoid double specification.
We propose:
[bookmark: _Toc16749641][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]The handover with minimal interruption should be specified within the existing RRC reconfiguration procedure.
[bookmark: _Toc16749642]The handover with minimal interruption should be based on the RRC procedure for Reconfiguration with sync.
Whether this means that the current Reconfiguration with sync section 5.3.5.5.2 is updated to also support handover with minimal interruption or a separate section is created is of course left for stage-3. However, in order to trigger the UE specific actions for handover with minimal interruption (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 RRCRconfiguration message is needed, in the same way as the “makeBeforeBreak” IE was added for LTE Rel-14.
[bookmark: _Toc16749629]An information element is needed to distinguish the “handover with minimal interruption” from other types of “handover”. 
2.2.2	Detach of source cell
In [8], we discuss how to release the source cell during handover with minimal interruption. 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 [8] 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 [8] 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 message in the target cell. One reason is that the release implies a separate network-initated procedure (such as using the RRCReconfiguration and RRCReconfigurationComplete messages) and the UE behaviour 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. 
[bookmark: _Toc16749643]The handover with minimal interruption should not require an additonal RRC message to release the source cell.
2.2.3	Capability and TDM pattern negotiation
In [7] we discuss capability coordination. For LTE, it was agreed that any specified capability coordination between the source and target is optional for the network. In our view the solutions for reduced handover interruption for LTE and NR should be aligned. This means that we need to specify an optional capability coordination function as well as a fallback behaviour when the capability coordination function is not used.
[bookmark: _Toc16749630]An optional capability coordination function as well as a fallback behaviour when the capability coordination function is not used needs to be specified for NR.
In [7] we also discuss TDM pattern negotiation. 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: _Toc16749631]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: _Toc16749644]The solution for handover with minimal interruption 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.
· Protocol stack, e.g. single or dual protocol stack 
· Switch of uplink
· Packet duplication in UL and DL
· Handling of ROHC
· Data forwarding
Below, we discuss them one by one.
2.3.1	Protocol stack
For LTE, a selection was finally made between the single vs dual protocol stack solutions, including different options, at RAN2#106 in Reno. From the LTE session notes [5]:

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).

[bookmark: _Hlk16071231]If this is adopted also for NR, parts of the specification work for LTE can potentially be re-used for NR.
While it seems reasonable that the decision in LTE will serve as a guidance for a decision in NR (preferably the same protocol stack solution can be standardized in LTE and in NR), it is not exclusively prevailing due to e.g. many use cases requiring stricter handover interruption times in NR (0ms or close to 0ms).
[bookmark: _Toc4157848][bookmark: _Toc4160137][bookmark: _Toc4665294][bookmark: _Toc7379240][bookmark: _Toc7424025][bookmark: _Toc7424411][bookmark: _Toc7424523][bookmark: _Toc7425187][bookmark: _Toc7425808][bookmark: _Toc7688097][bookmark: _Toc16749632]Since the handover interruption time requirements is stricter in NR (compared to LTE), the UE user plane protocol stack solutions (e.g. single or dual active protocol stacks) do not need to be identical in LTE and NR, although this is preferable.
So far we have not identified a reason for not re-using the LTE agreement on dual active protocol stacks. Therefore, in order to reduce specification effort and gain progress, we propose:
[bookmark: _Toc16749645]The solution for handover with minimal interruption in NR should be based on applicable parts of the dual active protocol stack solution agreed for LTE.
When the details of the LTE and NR solutions are specified, “applicable parts” are identified when agreements are important (which can be made in both directions).
2.3.2	Switch of uplink 
At last RAN2 meeting, there was an agreement “There is a point in time where the UL PUSCH switches from source to target”. In [9], 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 gNB, such as unneccessary retransmissions, RLC window stalling and RLF. From that contribution, we observe:
[bookmark: _Toc16749633]The agreement “There is a point in time where the UL PUSCH switches from source to target” 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]RAN2#106 agreed that “PDCP packet duplication” does not need to be supported. 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.
We observe therefore:
[bookmark: _Toc16749634]There is no requirement on the UE to perform PDCP packet duplication in the UL. 
[bookmark: _Toc16749635]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 [10], we discuss ROHC aspects for the make-before-break handover solution. From this paper we conclude: 
[bookmark: _Toc16749636]The ROHC state is reset for the target node, i.e. there is no transfer of ROHC state from source to target node.
[bookmark: _Toc16749637]The UE should be allowed to transmit ROHC feedback to source node as long as the source node transmits DL data. 
[bookmark: _Toc16712074][bookmark: _Toc16749638]To avoid ROHC context synchronization errors in the DL the target node should ensure that the first DL packet received by the UE from the target node is an IR packet.
[bookmark: _Toc16712075][bookmark: _Toc16749639]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 [11], we discuss data forwarding aspects for handover with minimal interruption. 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 decison on the data forwarding topics needs to involve RAN3. We propose:
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[bookmark: _Toc16749646]Early data forwarding should be used in the handover solution with minimal interruption and the PDCP SN and HFN transmitter status should be conveyed to the target gNB using SN STATUS TRANSFER. 
	4/4	
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	A non-DC based solution has already been chosen as the solution for reduced handover interruption in the Rel-16 LTE mobility enhancements WI. If this is adopted also for NR, parts of the specification work for LTE can potentially be re-used for NR and vice versa.
Observation 2	To use a DC based solution for SCG change would mean that the UE needs to be configured with an MCG and two separate SCGs during the procedure.
Observation 3	The stage-2 handover procedure can be used as a base to also support minimal interruption using make-before-break.
Observation 4	An information element is needed to distinguish the “handover with minimal interruption” from other types of “handover”.
Observation 5	An optional capability coordination function as well as a fallback behaviour when the capability coordination function is not used needs to be specified for NR.
Observation 6	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 7	Since the handover interruption time requirements is stricter in NR (compared to LTE), the UE user plane protocol stack solutions (e.g. single or dual active protocol stacks) do not need to be identical in LTE and NR, although this is preferable.
Observation 8	The agreement “There is a point in time where the UL PUSCH switches from source to target” 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 9	There is no requirement on the UE to perform PDCP packet duplication in the UL.
Observation 10	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 11	The ROHC state is reset for the target node, i.e. there is no transfer of ROHC state from source to target node.
Observation 12	The UE should be allowed to transmit ROHC feedback to source node as long as the source node transmits DL data.
Observation 13	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 14	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.
[bookmark: _GoBack]
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to confirm that for NR specify a non-DC based solution for the handover with minimal interuption.
Proposal 2	The handover with minimal interruption should be specified within the existing RRC reconfiguration procedure.
Proposal 3	The handover with minimal interruption should be based on the RRC procedure for Reconfiguration with sync.
Proposal 4	The handover with minimal interruption should not require an additonal RRC message to release the source cell.
Proposal 5	The solution for handover with minimal interruption should not require the network to perform coordination of UE capabilities and TDM patterns between source and target.
Proposal 6	The solution for handover with minimal interruption in NR should be based on applicable parts of the dual active protocol stack solution agreed for LTE.
Proposal 7	Early data forwarding should be used in the handover solution with minimal interruption and the PDCP SN and HFN transmitter status should be conveyed to the target gNB using SN STATUS TRANSFER.
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