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1. Introduction 
For LTE mobility enhancements, in RAN2#106 meeting, the following agreements on way forward on minimization of HO interruption time were achieved [1]:
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).

For NR mobility enhancements, in RAN2#106 meeting, the following agreements on interruption time definition were achieved [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. 

In this contribution, we discuss the common single active and dual active enhanced Make-Before-Break (eMBB) HO solution as a single solution to reduce data interruption in NR. This is the revision of R2-1906559 to update on agreements in RAN2#106 meeting.
2. Discussion
2.1. A Single Solution

Based on the feasibility input from RAN1 on the various deployment scenarios [2], simultaneous transmission and reception is not feasible in some scenarios. According to the agreement on interruption time definition in RAN2#106, a following proposal from non-DC proponents came up with joint solution made some proposals in RAN2#105bis [3] can be agreeable.
Proposal 1: RAN2 is requested to confirm that to reduce data interruption in NR,
- for the scenario the UE can support simultaneous transmission/reception between source and target, 0ms interruption time should be supported; 
- for the scenario the UE cannot support simultaneous transmission/reception between source and target, close to 0ms interruption time should be supported.
Table 1 shows candidate solutions to reduce data interruption during handover categorizing with/without support of simultaneous transmission/reception between source and target. There are two alternatives to support for close to 0ms interruption time without support of simultaneous transmission/reception. And there are two alternatives to support for strict 0ms interruption time with support of simultaneous transmission/reception.

Table 1. Candidate Solutions  

	Category 1:

Solutions without support of simultaneous Tx/Rx
	Category 2:

Solutions with support of simultaneous Tx/Rx

	(Rel-14) MBB HO
SAPS eMBB HO

RACH-less HO (auxiliary solution)
2-step RACH (auxiliary solution)
	DAPS eMBB HO

DC-based HO


Observation 1: There can be two alternatives to reduce data interruption during handover categorizing with/without support of simultaneous transmission/reception,
Category 1: without support of simultaneous transmission/reception:
- Alt. 1-1.
(Rel-14) MBB HO + RACH-less and/or 2-step RACH;
- Alt. 1-2.
SAPS eMBB HO (optionally, + RACH-less and/or 2-step RACH), 
Category 2: with support of simultaneous transmission/reception:
- Alt. 2-1.
DAPS eMBB HO;
- Alt. 2-2.
DC-based HO.
First of all, DC-based HO is very different from three other alternatives, but there is a lot of commonality between them. Furthermore, DC-based HO cannot work without support of simultaneous transmission/reception. Therefore, DC-based HO is not a good candidate for a single solution. And some papers observed that Alt. 1-1 does not achieve close to 0ms interruption time with some uncertainty [4], [5].
For LTE mobility enhancements, in [105#57][LTE/feMOB] UE and network side impacts of single/dual protocol stacks email discussion [6], RAN2 discussed UE and network side impacts of single active and dual active protocol stacks in eMBB HO further. In the email discussion, we can observe that there is not much difference between single active and dual active protocol stack in eMBB HO. With regard to RF requirements, some single active supporting companies stated that single active requires single Tx / dual Rx, but most companies agreed that single active required dual Tx / dual Rx to minimize the interruption time. Therefore, RF requirements in single active and dual active can be considered as the same. With regard to applicable deployment scenarios, security handling, and impacts on RLM, there is not much difference between single active and dual active. With regard to requirements on protocol entities at the UE side, capability coordination, and impacts on specification, the complexities in dual active are higher than in single active. But with regard to impacts on HO interruption time, it is uncontroversial that the performance in dual active is better than in single active. After long discussion, RAN2 agreed to specify only dual active protocol stack solution.
Based on our companion paper [7], we can observe that 0ms MIT requirement can be met in dual active protocol stack solution in most cases, and 0ms MIT requirement can be met in single active protocol stack solution in the limited case. To meet 0ms MIT requirement as many scenarios as possible, dual active protocol stack should be supported and considering relaxed requirements and complexities, to meet as close as possible to 0ms, single active protocol stack can be supported also.
Proposal 2: RAN2 is requested to consider a single solution following, 
- DAPS eMBB HO with support of simultaneous transmission/reception;
- SAPS eMBB HO without support of simultaneous transmission/reception.

One notable point is there is not much difference between single active and dual active protocol stack in eMBB HO with regard to the procedure also. Therefore, we can easily design the HO procedures in the common single active and dual active eMBB HO solution. We describe the HO procedures in the next section.
2.2. Common Single Active and Dual Active eMBB HO Solution
Figure 1 shows the HO procedures in the common single active and dual active eMBB HO solution.
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Figure 1. Common Single and Dual Active eMBB HO Solution
0.
The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.

1.
The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.

2.
The source gNB decides to handover the UE, based on MeasurementReport and RRM information.

3.
The source gNB issues a Handover Request message to the target gNB passing a transparent RRC container with necessary information to prepare the handover at the target side. The information includes at least the target cell ID, KgNB*, the C-RNTI of the UE in the source gNB, RRM-configuration including UE inactive time, basic AS-configuration including antenna Info and DL Carrier Frequency, the current QoS flow to DRB mapping rules applied to the UE, the SIB1 from source gNB, the UE capabilities for different RATs, PDU session related information, and can include the UE reported measurement information including beam-related information if available. The PDU session related information includes the slice information and QoS flow level QoS profile(s).

NOTE:
After issuing a Handover Request, the source gNB should not reconfigure the UE, including performing Reflective QoS flow to DRB mapping.
4.
Admission Control may be performed by the target gNB. Slice-aware admission control shall be performed if the slice information is sent to the target gNB. If the PDU sessions are associated with non-supported slices the target gNB shall reject such PDU Sessions.

5.
The target gNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB, which includes a transparent container to be sent to the UE as an RRC message to perform the handover.

6.
The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the UE, containing the information required to access the target cell: at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms. It can also include a set of dedicated RACH resources, the association between RACH resources and SSB(s), the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and system information of the target cell, etc.
6a. The UE synchronises to the target cell and performs the handover execution procedure.

NOTE:
If DAPS eMBB HO is not configured, the UE can detach from old cell after step 6a or during step 8 considering UE capabilities.

7.
The source gNB sends the SN STATUS TRANSFER message to the target gNB.
NOTE:
If eMBB HO is configured, the source gNB can continue transmitting data to the UE in parallel with data forwarding to the target gNB. 

8.
The UE completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB.
8a. The target gNB can send the HANDOVER SUCCESS message to notify the source gNB of the handover completion of the UE, if necessary.
9.
The target gNB sends a PATH SWITCH REQUEST message to AMF to trigger 5GC to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.

10.
5GC switches the DL data path towards the target gNB. The UPF sends one or more "end marker" packets on the old path to the source gNB per PDU session/tunnel and then can release any U-plane/TNL resources towards the source gNB.

11.
The AMF confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.

12.
Upon reception of the PATH SWITCH REQUEST ACKNOWLEDGE message from the AMF, the target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover. The source gNB can then release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
NOTE:
If DAPS eMBB HO is configured, the UE can detach from old cell after step 8.

Proposal 3: RAN2 is requested to consider the common single active and dual active protocol stack eMBB HO solution in Figure 1.

3. Conclusion
Observation 1: There can be two alternatives to reduce data interruption during handover categorizing with/without support of simultaneous transmission/reception,
Category 1: without support of simultaneous transmission/reception:
- Alt. 1-1.
(Rel-14) MBB HO + RACH-less and/or 2-step RACH;
- Alt. 1-2.
SAPS eMBB HO (optionally, + RACH-less and/or 2-step RACH), 
Category 2: with support of simultaneous transmission/reception:
- Alt. 2-1.
DAPS eMBB HO;
- Alt. 2-2.
DC-based HO.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to confirm that to reduce data interruption in NR,
- for the scenario the UE can support simultaneous transmission/reception between source and target, 0ms interruption time should be supported; 
- for the scenario the UE cannot support simultaneous transmission/reception between source and target, close to 0ms interruption time should be supported.
Proposal 2: RAN2 is requested to consider a single solution following, 
- DAPS eMBB HO with support of simultaneous transmission/reception;
- SAPS eMBB HO without support of simultaneous transmission/reception.

Proposal 3: RAN2 is requested to consider the common single active and dual active protocol stack eMBB HO solution in Figure 1.
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m:UE;
s:Source gNB;
t:Target gNB;
a:AMF;
u:UPF(s);

|||;
mark HPstart;
m<=>s: User Data [au];
join s<=>u: User Data [au];
s--a:0.Mobility control information provided by AMF [br];
m--s:1.Measurement Control and Reports [br];
s--s:2. Handover Decision [bs];
s->t:3. HANDOVER REQUEST [ac];
t--t:4. Admission Control [bs];
t->s:5. HANDOVER REQUEST\nACKNOWLEDGE [ac];
mark HPend;
m--s:6. RAN Handover Initiation [br];
m--m:Synchronise to new cell [bs];
m--s:6a. RAN Handover Execution [br];
parallel m--m:if necessary,\nDetach from old cell [bs];
s->t:7. SN STATUS TRANSFER [ac];
s--s:Deliver buffered data\nand new data from UPF(s) [bs];
u=>s:User Data [au];
join s=>t [au];
parallel s=>m:User Data [au];
t--t:Buffer User Data\nfrom Source gNB [bs];
m--t:8. RAN Handover Completion [br];
t->s:8a. HANDOVER SUCCESS [ac];
mark HEend;
m<=>t:User Data [au];
join t=>u:User Data [au];
t->a:9. PATH SWITCH REQUEST [ac];
a--u:10. Path Switch in UPF(s) [br];
u=>s:End Marker [au];
join s=>t [au];
t<=>u:User Data [au];
a->t:11. PATH SWITCH REQUEST\nACKNOWLEDGE [ac];
parallel t->s:12. UE CONTEXT RELEASE [ac];
m--m:if necessary,\nDetach from old cell [bs];
mark HCend;
|||;

vertical brace HPstart->HPend:Handover Preparation [n1];
vertical brace HPend->HEend:Handover Execution [n1];
vertical brace HEend->HCend:Handover Completion [n1];
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