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1. Introduction 
In RAN2#105 meeting, the following agreements on the “non-split bearer” solution were achieved [1]:
Agreements

1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

2
Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.
3
Agree the following common aspects for “non-split bearer” solution candidate:

a.
PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.

b.
RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

c.
The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).

d.
In case of two active protocol stacks, a separate security key is used for each of the protocol stacks.

4
RAN2 is asked to work further on the details of the following open issues:

a.
When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side

b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

5
The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.

=>FFS how security asepcts are handled and whether changes to LTE baseline are needed.

=>FFS whether there is single active protocol stack or two simultaneously active protocol stacks 

=>FFS how to detach from the source cell (seen from the NW’s side and UE’s side)

=>FFS How to do data forwarding (early/late, including handling the SN, security, CHO impact)

In [105#57][LTE/feMOB] UE and network side impacts of single/dual protocol stacks email discussion [2], RAN2 discussed UE and network side impacts of single active and dual active protocol stacks in enhanced Make-Before-Break (eMBB) HO further. But no "way forward" is suggested.
In this contribution, we discuss the combination of single active and dual active eMBB HO. In our companion paper, we discuss the combination of eMBB and CHO [3].
2. Discussion
2.1. Single Active and Dual Active Protocol Stack in eMBB HO
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. Based on our companion paper [4], 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.
The intent of the email discussion was to compare single protocol stack vs. dual protocol stack, so that RAN2 can choose one option in this meeting based on this email discussion to progress the work. However, no "way forward" is suggested from the emal discussion. The main objectives of this work item in the WI description [5]:

· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]

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. In NR_Mob_enh WI, non-DC proponents came up with joint solution and made some proposals to progress the work [6]. These proposals are also applicable to this WI.
Proposal 1:
- 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: For the scenario the UE cannot support simultaneous transmission/reception between source and target, to support close to 0ms handover interruption time, one and only one single active protocol stack solution can be considered (option 0/1/2 or Rel-14 MBB).
Proposal 3: For the scenario the UE can support simultaneous transmission, to support 0ms handover interruption time, dual active protocol stack is supported to achieve 0ms interruption time.
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 combined solution of single active and dual active eMBB HO. We describe the HO procedures in the next section. 
2.2. Combination of Single Active and Dual Active eMBB HO
Figure 1 shows the HO procedures in the combined solution of single active and dual active eMBB HO.
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Figure 1. Intra-MME/S-GW Handover: combination of Single and Dual Active eMBB
0.
The UE context within the source eNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.

1.
The source eNB configures the UE measurement procedures.

2: The UE reports according to the measurement configuration.

3. The source eNB decides to handover the UE, based on MeasurementReport and RRM information.

4. The source eNB issues a HANDOVER REQUEST message to the target eNB passing a transparent RRC container with necessary information to prepare the handover at the target side.

5. Admission Control may be performed by the target eNB.

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

7. The source eNB triggers the Uu handover by sending an RRCConnectionReconfiguration message including the mobilityControlInfo to the UE, containing the information required to access the target cell.

NOTE: In legacy handover, as soon as the UE receives an RRCConnectionReconfiguration message including the mobilityControlInfo, the UE detaches from old cell. As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of an RRCConnectionReconfiguration message including the mobilityControlInfo is initiated in the downlink, data forwarding may be initiated.

8. The UE synchronises to the target cell and triggers the handover execution procedure by sending a HandoverIndication message to the source eNB.

NOTE: If the simultaneous connectivity is not configured, the UE can detach from old cell after step 8 (in Rel-14 MBB) or step 11 (in single active protocol stack Option 1).

9. The source eNB sends the SN STATUS TRANSFER message to the target eNB. It can include a HandoverIndication to notify the target eNB of the immediate access of the UE.

NOTE: As soon as the source eNB receives the HandoverIndication message, data forwarding may be initiated. In Rel-14 Make-Before-Break handover, the source eNB decides when to stop transmitting to the UE and to start data forwarding.

10. If RACH-less HO is not configured, the UE accesses the target cell via RACH.

11. If RACH-less HO is not configured, the target eNB responds with UL allocation and timing advance.

11a. If RACH-less HO is configured and the UE did not get the periodic pre-allocated uplink grant in the RRCConnectionReconfiguration message including the mobilityControlInfo, the UE receives uplink grant via the PDCCH of the target cell. The UE uses the first available uplink grant after synchronization to the target cell.

NOTE: As soon as the target eNB receives the HandoverIndication via the source eNB, dynamic UL allocation for RACH-less HO may be initiated. In Rel-14 RACH-less HO, the target eNB decides when to start dynamic UL allocation for RACH-less HO.

12. The UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB.

12a. If the target eNB has not received a HandoverIndication via the source eNB yet, the target eNB sends the HANDOVER INDICATION message to notify the source eNB of the handover completion of the UE. 

NOTE: The target eNB may send the HANDOVER INDICATION message after it receives the dedicated preamble from the UE.

13. The target gNB sends a PATH SWITCH REQUEST message to MME to trigger S-GW to switch the DL data path towards the target eNB.

14. The S-GW switches the DL data path towards the target eNB. The S-GW sends one or more "end marker" packets on the old path to the source eNB.

15. If the simultaneous connectivity is configured, the UE can detach from old cell after some DL receptions from the target eNB after sending a HandoverIndication message to the source eNB.

NOTE: In other ways, to release the old cell connection, the source eNB can send an RRCConnectionRelease message, or the target eNB cans send an RRCConnectionReconfiguration message including oldCellRelease, to the UE. 

16. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.

17. By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB. The target eNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the MME.

18. Upon reception of the UE CONTEXT RELEASE message, the source eNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.

Proposal 4: RAN2 is requested to consider the combined solution of single active and dual active protocol stack in eMBB HO.

3. Conclusion
Based on the discussion in Section 2, we propose the following:

Proposal 1:
- 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: For the scenario the UE cannot support simultaneous transmission/reception between source and target, to support close to 0ms handover interruption time, one and only one single active protocol stack solution can be considered (option 0/1/2 or Rel-14 MBB).
Proposal 3: For the scenario the UE can support simultaneous transmission, to support 0ms handover interruption time, dual active protocol stack is supported to achieve 0ms interruption time.

Proposal 4: RAN2 is requested to consider the combined solution of single active and dual active protocol stack in eMBB HO.
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m:UE;
s:Source eNB;
t:Target eNB;
a:MME;
u:Serving Gateway;

|||;
mark HPstart;
s--a:0.Area Restriction Provided [br];
s->m:1.Measurement Control [ac];
m<=>s:User Data [au];
join s<=>u:User Data [au];
m->s:2.MeasurementReport [ac];
s--s:3.Handover Decision [bs];
s->t:4.HANDOVER REQUEST [ac];
t--t:5.Admission Control [bs];
t->s:6.HANDOVER REQUEST\nACKNOWLEDGE [ac];
s->m:7.RRCConnectionReconfiguration\nincluding mobilityControlInfo [ac];
mark HPend;
m--m:Synchronise to new cell [bs];
m->s:8.HandoverIndication\n(Target Cell Access) [ac];
parallel m--m:If necessary,\nDetach from old cell [bs];
s--s:Deliver buffered data\nand new data from UPF(s) [bs];
s->t:9.SN STATUS TRANSFER\n(incl. HandoverIndication) [ac];
u=>s:User Data [au];
join s=>t:Data Forwarding [au];
parallel s=>m:User Data [au];
t--t:Buffer User Data\nfrom Source eNB [bs];
m->t:10.Synchronisation [br];
t->m:11a.Periodic UL allocation [br];
t->m:11.UL allocation + TA for UE [br];
m->t:12.RRCConnectionReconfigurationComplete [ac];
t->s:12a.HANDOVER INDICATION\n, if necessary [ac];
mark HEend;
m<=>t:User Data [au];
join t=>u:User Data [au];
t->a:13.PATH SWITCH REQUEST [ac];
a--u:14.Path Switch in S-GW [br];
a=>s:End Marker [au];
join s=>t [au];
parallel t<=>u:User Data [au];
m->s:15.HandoverIndication\n(Source Cell Release) [ac];
a->t:16.PATH SWITCH REQUEST\nACKNOWLEDGE [ac];
t->s:17.UE CONTEXT RELEASE [ac];
s--s:18.Release Resources [bs];
mark HCend;
|||;

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

����������������
signalling��ÿC�0
0
0
9
0 1
\�(2,19,2,0)\�(2,19,3,0)
0.Area Restriction Provided
s
a
0
0 1
\�(2,24,2,0)\�(2,24,3,0)
3.Handover Decision
s
s
0
0 1
\�(2,26,2,0)\�(2,26,3,0)
5.Admission Control
t
t
0
0 1
\�(2,30,2,0)\�(2,30,3,0)
Synchronise to new cell
m
m
0
0 1
\�(2,32,11,0)\�(2,32,12,0)
If necessary,\nDetach from old cell
m
m
0
0 1
\�(2,33,2,0)\�(2,33,3,0)
Deliver buffered data\nand new data from UPF(s)
s
s
0
0 1
\�(2,38,2,0)\�(2,38,3,0)
Buffer User Data\nfrom Source eNB
t
t
0
0 1
\�(2,48,2,0)\�(2,48,3,0)
14.Path Switch in S-GW
a
u
0
0 1
\�(2,55,2,0)\�(2,55,3,0)
18.Release Resources
s
s
0
,��������


