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1
Introduction

In this contribution, we propose TP for SeNB addition and removal, SeNB change and handover scenarios and procedures in case of bearer served by MeNB and SeNB (corresponding to 3C of U-plane option), and capture them in the Annex of TR36.842. TP for the procedures of bearer only served by MeNB (corresponding to 1A of U-plane option) is proposed in another contribution [1]. 
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Text Proposal
Beginning of Text Proposal
Annex X:

Handover procedure in case of bearer served by MeNB and SeNB (3C)
X. 1

Overall archicture and handover scenario
Figure 1 shows the overall architecture assumed for 3C in small cell deployment. 
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Figure 1: Overall architecture of 3C for small cell enhancement
In this architecture, the following SeNB addition and removal, SeNB change and handover scenarios could be assumed. Note that inter-MME and inter-SGW cases are not shown.
A) from MeNB#1 and no SeNB to MeNB#1 and SeNB#1 (Initial SeNB addition)
B) from MeNB#1 and SeNB#1 to MeNB#1 and no SeNB added (Entire SeNB removal)
C) from MeNB#1 and SeNB#1 to MeNB#1 and SeNB#2 (SeNB change)
D) from MeNB#1 and SeNB#1 to MeNB#2 and SeNB#1 (Inter-MeNB with same SeNB)
E) from MeNB#1 and SeNB#1 to MeNB#2 and SeNB#2 (Inter-MeNB with inter-SeNB)
F) from MeNB#1 and SeNB#1 to MeNB#2 and no SeNB added (Inter-MeNB with change to single connectivity)
In order to support handover scenarios above, SeNB Addition, SeNB Removal functions over Xn-AP between SeNB and MeNB, and X2-based handover between MeNBs can be used. Table 1 shows overall procedure to support handover in each handover scenario.
Table 1: Handover procedure in small cell enhancement
	Handover scenario
	Procedure
	Notes

	A) Initial SeNB addition
(Section X.2)
	1) SeNB Addition

	

	B) Entire SeNB removal
(Section X.3)
	1) SeNB Removal

	

	C) SeNB change
(Section X.4)
	1) Target SeNB Addition
2) Source SeNB Removal
	No data forwarding from S-SeNB to T-SeNB.

	D) Inter-MeNB with same SeNB
(Section X.5)
	1) X2-based handover
2) SeNB Addition
3) SeNB Removal

	Data forwarding from S-MeNB to T-MeNB
Same procedure as E) inter-MeNB with inter-SeNB by considering T-SeNB = S-SeNB

	E) Inter-MeNB with inter-SeNB
(Section X.5)
	1) X2-based handover
2) Target SeNB Addition
3) Source SeNB Removal
	Data forwarding from S-MeNB to T-MeNB over X2 


	F) Inter-MeNB with change to single connectivity
(Section X.6)
	1) X2-based handover
2) Source SeNB Removal
	Data forwarding from S-MeNB to T-MeNB over X2 



X. 2

Initial SeNB Addition signalling flow
Figure 2 shows initial SeNB addition signalling flow in case of bearer served by MeNB and SeNB (corresponding to 3C of U-plane option).
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Figure 2
Initial SeNB addition signalling flow (bearer served by MeNB and SeNB)
Below is a more detailed description of initial SeNB addition procedure:

0
Packet data is transferred between S-GW and the UE by passing through MeNB in single connectivity mode.
1
A Measurement Report is triggered and sent to the MeNB.
2
The MeNB sends SeNB Addition Request message including QoS, UE capability and configuration information to the SeNB.
3
SeNB responds with SeNB Addition request Ack message including SeNB configuration information.
4
The MeNB generates the RRCConnectionReconfiguration message indicating SeNB addition to be sent towards the UE. 
5
After receiving the RRCConnectionReconfiguration message, UE performs synchronisation to the SeNB and accesses it.
6
Packet data is transferred between S-GW and the UE by passing through MeNB, or MeNB and SeNB in dual connectivity mode.
X. 3

Entire SeNB Removal signalling flow
Figure 3 shows entire SeNB removal signalling flow in case of bearer served by MeNB and SeNB (corresponding to 3C of U-plane option).
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Figure 3
Entire SeNB removal signalling flow (bearer served by MeNB and SeNB)
Below is a more detailed description of the entire SeNB removal procedure:

0
Packet data is transferred between S-GW and the UE by passing through MeNB, or MeNB and SeNB in dual connectivity mode.
1
A Measurement Report is triggered and sent to the MeNB.
2
MeNB sends SeNB Removal Request message to the SeNB.
3
SeNB responds with SeNB Removal Request Ack message to the MeNB and release the radio resource for the UE.
4
The MeNB generates the RRCConnectionReconfiguration message indicating SeNB removal to be sent towards the UE.
5
After receiving the RRCConnectionReconfiguration message, UE goes for single connectivity mode. 
6
Packet data is transferred between S-GW and the UE by passing through only MeNB in single connectivity mode.
X. 4

SeNB Change signalling flow
Figure 4 shows SeNB change signalling flow in case of bearer served by MeNB and SeNB (corresponding to 3C of U-plane option). It is assmed that all RRC messagesa are exchanged between MeNB and UE.
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Figure 4
SeNB change signalling flow (bearer served by MeNB and SeNB)
Below is a more detailed description of SeNB change procedure:

0
Packet data is transferred between S-GW and the UE by passing through MeNB, or MeNB and S-SeNB in dual connectivity mode.
1
A Measurement Report is triggered and sent to the MeNB.

2
MeNB sends SeNB Removal Request message to the S-SeNB.
3
On receipt of SeNB Removal Request message from MeNB, S-SeNB stops packet scheduling and responds with SeNB Removal Request Ack message including packet delivery status to the MeNB and release the resource for the UE.
4
MeNB keeps delivering packet data to the UE in single connectivity mode.
5
The MeNB sends SeNB Addition Request message including QoS, UE capability, S-SeNB UL F-TEIDs with MeNB (provided during attach procedure or previous handover procedure for dual connectivity) and configuration information to the T-SeNB.
6
T-SeNB responds with SeNB Addition Request Ack message including T-SeNB configuration information and T-SeNB DL F-TEIDs with MeNB to the MeNB.
7
The MeNB generates the RRC message to perform the handover, i.e RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent towards the UE.
8
After receiving the RRCConnectionReconfiguration message including the mobilityControlInformation, UE performs synchronisation to the T-SeNB and accesses the T-SeNB.
9
Packet data is transferred between S-GW and the UE by passing through MeNB, or MeNB and T-SeNB in dual connectivity mode.
X. 5

Inter-MeNB Handover signalling flow with dual connectivity
Figure 5 shows inter-MeNB handover signalling flow in case of bearer served by MeNB and SeNB (corresponding to 3C of U-plane option) and dual connectivity kept after inter-MeNB handover. In this case, the handover procedure of inter-MeNB with same SeNB is the same as that of inter-MeNB with inter-SeNB, where T-SeNB = S-SeNB.
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Figure 5
Inter-MeNB handover signalling flow with dual connectivity (bearer served by MeNB and SeNB)
Below is a more detailed description of the inter-MeNB handover procedure with dual connectivity:

0
Packet data is transferred between S-GW and the UE by passing through S-MeNB, or S-MeNB and S-SeNB in dual connectivity mode.
1
A Measurement Report is triggered and sent to the S-MeNB.
2
S-MeNB sends Handover Request message including QoS, UE capability and S-MeNB UL F-TEIDs with S-GW to the T-MeNB.
3
The T-MeNB sends SeNB Addition Request message including QoS, UE capability and configuration information to the T-SeNB.
4
T-SeNB responds with SeNB Addition Request Ack message including T-SeNB configuration information to the T-MeNB.
5
T-MeNB responds with Handover Request Ack message which includes T-MeNB and T-SeNB configuration information, and F-TEIDs used for T-MeNB receiving forwarded packets, to the S-MeNB.
6
S-MeNB sends SeNB Removal Request message to the S-SeNB.
7
On receipt of SeNB Removal Request message from S-MeNB, S-SeNB stops packet scheduling and responds with SeNB Removal Request Ack message including packet delivery status to the S-MeNB and release the resource for the UE.
Steps 8 to 12 provide means to avoid data loss during handover.
8
The S-MeNB generates the RRC message to perform the handover, i.e RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent towards the UE.
9
The S-MeNB sends the SN Status Transfer message to the T-MeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of S-MeNB.
10
S-MeNB performs data forwarding to T-MeNB. T-MeNB buffers forwarded packets from the S-MeNB until it receives RRCConnectionReconfigurationComplete message.
11
After receiving the RRCConnectionReconfiguration message including the mobilityControlInformation, UE performs synchronisation to the T-MeNB and T-SeNB, and accesses them.
12
Packet data is transferred between S-GW and the UE by passing through T-MeNB, or T-MeNB and T-SeNB in dual connectivity mode. DL packets from S-GW will go through T-MeNB after S-GW receives Modify Bearer Request message from MME in step 14.
13
The T-MeNB sends a Path Switch Request message including T-MeNB DL F-TEIDs with S-GW to MME to inform that the UE has changed cell.
14
The MME sends a Modify Bearer Request message including T-MeNB DL F-TEIDs with S-GW to the S-GW.

15
The S-GW switches the downlink data path to the target side. The S-GW sends one or more "end marker" packets on the old path to the S-MeNB and then can release any U-plane/TNL resources towards the S-MeNB.

16
The S-GW sends a Modify Bearer Response message to MME.

17
The MME confirms the Path Switch Request message with the Path Switch Request Acknowledge message.

18
T-MeNB sends the UE Context Release message to the S-MeNB so that the S-MeNB can release the resource for the UE.
X. 6

Inter-MeNB Handover signalling flow with change to single connectivity
Figure 6 shows inter-MeNB handover signalling flow in case of bearer served by MeNB and SeNB (corresponding to 3C of U-plane option) and change to single connectivity mode after inter-MeNB handover.
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Figure 6
Inter-MeNB handover signalling flow with change to single connectivity (bearer served by MeNB and SeNB)
Below is a more detailed description of the inter-MeNB handover procedure with change to single connectivity:

0
Packet data is transferred between S-GW and the UE by passing through S-MeNB, or S-MeNB and S-SeNB in dual connectivity mode.
1
A Measurement Report is triggered and sent to the S-MeNB.
2
S-MeNB sends Handover Request message including QoS, UE capability and S-MeNB UL F-TEIDs with S-GW to the T-MeNB.
3
If the T-MeNB decides not to add T-SeNB, T-MeNB responds with Handover Request Ack message which includes T-MeNB configuration information, and F-TEIDs used for T-MeNB receiving forwarded packets, to the S-MeNB.
4
S-MeNB sends SeNB Removal Request message to the S-SeNB.
5
On receipt of SeNB Removal Request message from S-MeNB, S-SeNB stops packet scheduling and responds with SeNB Removal Request Ack message including packet delivery status to the S-MeNB and release the resource for the UE.
Steps 6 to 10 provide means to avoid data loss during handover.
6
The S-MeNB generates the RRC message to perform the handover, i.e RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent towards the UE.
7
The S-MeNB sends the SN Status Transfer message to the T-MeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of S-MeNB.
8
S-MeNB performs data forwarding to T-MeNB. T-MeNB buffers forwarded packets from the S-MeNB until it receives RRCConnectionReconfigurationComplete message.
9
After receiving the RRCConnectionReconfiguration message including the mobilityControlInformation, UE performs synchronization to the T-MeNB and accesses it in single connectivity mode.
10
Packet data is transferred between S-GW and the UE by passing through only T-MeNB in single connectivity mode. DL packets from S-GW will go through T-MeNB after S-GW receives Modify Bearer Request message from MME in step 12.
11
The T-MeNB sends a Path Switch Request message including T-MeNB DL F-TEIDs with S-GW to MME to inform that the UE has changed cell.
12
The MME sends a Modify Bearer Request message including T-MeNB DL F-TEIDs with S-GW to the S-GW.

13
The S-GW switches the downlink data path to the target side. The S-GW sends one or more "end marker" packets on the old path to the S-MeNB and then can release any U-plane/TNL resources towards the S-MeNB.

14
The S-GW sends a Modify Bearer Response message to MME.

15
The MME confirms the Path Switch Request message with the Path Switch Request Acknowledge message.

16
T-MeNB sends the UE Context Release message to the S-MeNB so that the S-MeNB can release the resource for the UE.
End of Text Proposal
3
Conclusions
Proposal: RAN3 to agree on the TP for the SeNB addition and removal, SeNB change and inter-MeNB handover signalling flows and capture them in the Annex of TR36.842.
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