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1
Introduction
Data forwarding was introduced for X2 HO in order to support minimisation and avoidance of data loss during HO.

The same requirement is applicable for dual connectivity.

For SCG bearers, i.e. the bearer option where only the SeNB provides radio resources and the S1-U bearers are directly routed from the S-GW to the SeNB similar bearer mobility as for X2 HO occur, i.e. moving an SCG bearer context to and from the SeNB implies the transfer of that bearer context and the update of the S1-U data path. The transfer of the bearer context from/to the SeNB will cause data loss and may impact the end-user’s service experience.
For the split bearer option, bearer contexts may be established at and removed from the SeNB as well, however, it is assumed that the PDCP entity at the MeNB will keep yet unacknowledged copies of (DL) packets. When the bearer context at the SeNB is removed, the MeNB would re-transmit not yet acknowledged packets via MCG resources (or via another SeNB in case of SeNB change). 
This contribution verifies whether principles and mechanisms available for X2 HO can be used for supporting minimisation and avoidance of data loss during SCG bearer mobility scenarios and proposes general principles. Further, detailed signalling flows, focussing on data forwarding are provided for the main scenarios.
2
Discussion

2.1
Existing procedures and schemes for Data Forwarding at X2-Handover.
Minimization and avoidance of data loss during intra-LTE Handover is achieved by allocating forwarding user plane tunnels between the source and target eNB during handover preparation. Per E-RAB, separate tunnels are established for DL and UL data forwarding, as applicable. During the execution phase, DL data continuously flows from the Serving Gateway (SGW) to the User Equipment (UE) through source and target eNB until the handover is complete. 
For RLC-AM DRBs, the PDCP sequence numbering and HFN are maintained while bearer contexts are moved from source to target eNB. 
-
The source eNB forwards in order to the target eNB all not yet acknowledged DL PDCP SDUs with their PDCP SN provided in a GTP-U extension header and also data arriving over S1-U for which the source eNB has not yet allocated a PDCP SN, without the respective GTP-U extension. 
-
Data forwarding of DL packets is performed as long as user data packets arrive via S1-U.

-
UL data is provided to the target eNB if received out of sequence for re-ordering at the target eNB. If the target eNB does not accept data forwarding, the source eNB discards out of sequence UL packets.
For RLC-UM DRBs, PDCP SN and HFN are reset at the target eNB. 
-
The source eNB forwards to the target eNB downlink PDCP SDUs that have not been transmitted. In addition, the source eNB may forward fresh downlink data arriving over S1 to the target eNB.
-
All successfully received UL data is provided by the source eNB to the S-GW even if received out of sequence.
With this feature a connected user can handover from one eNB to another with minimal disruption to data throughput. During the phases of intra-LTE handover, the phases listed in Table 1 are done if the Data Forwarding at Intra-LTE Handover feature is active.

	Phase
	Description

	Handover Preparation
	The source eNB attempts to allocate forwarding transport bearers toward the target eNB. If this is successful, a (two) forwarding user plane tunnel(s) is(are) established for each E-RAB between the source and target eNB.

	Handover Execution
	Upon sending RRC Connection Reconfiguration to the UE, all buffered and new incoming data are forwarded from the source eNB to the target eNB. In addition, the PDCP COUNT and HFN values are sent from the source eNB to the target eNB in the SN Status Transfer message. 

	Handover Completion
	For X2 Handover, the target eNB sends a PATH SWITCH REQUEST message to the MME. The MME then sends a USER PLANE UPDATE REQUEST message to the SGW, which switches the user-plane path from source to target eNB. The source eNB continues to forward packets while packets are being received from the SGW and the source eNB buffer contains data. When the END MARKER packet is received in the target eNB or the timer expires, for instance in the case of END MARKER loss, the target eNB discards any further forwarding data packets. Forwarding tunnels are then released.



	Table 1: Phases of Data Forwarding at Intra-LTE Handover.


2.2
Are existing procedures and schemes for Data Forwarding at X2HO re-useable for Dual Connectivity?
Now looking at the applicability of the data forwarding function for dual connectivity scenarios, one can see that a similar situation as for the Data Forwarding during X2 HO is given:

Like for X2 HO, dual connectivity scenarios may imply the transfer of bearer contexts between the MeNB and SeNB. Even the handover phases defined can be directly translated into phases for the establishment (and removal) of SCG bearers at (from) the SeNB:
-
During the preparation phase, forwarding tunnels are established between the involved eNBs, i.e. they should be established latest before the RRC Connection Reconfiguration procedure is triggered.

-
When the execution is triggered, the eNB from which the bearer context is transferred (like for X2 HO, the orders of the steps listed are implementation dependent)

-
sends the RRCConnectionReconfiguration message to the UE

-
stops assigning PDCP SNs; 
for RLC-AM DRBs, PDCP SNs and HFN are preserved and transferred
-
starts data forwarding
-
If the eNB from which the bearer context is transferred is the MeNB (i.e. for Addition and Modification scenarios), triggering to stop assignment of PDCP SNs and start data forwarding is a MeNB internal event.

-
The only topic to look at is when the eNB from which the bearer context is transferred is the SeNB (i.e. for Modification and Release scenarios), i.e. the trigger to stop sending user data to the UE start data forwarding needs to be provided by the MeNB via explicit X2 signalling.
-
During the execution phase
-
DL data flows from the S-GW to the eNB from which the bearer context is transferred via the established X2-U forwarding tunnel to the eNB to which the bearer is transferred.

-
At completion
-
At path update, like for X2 HO, the S-GW will insert end marker packets in the old data path and forward any further incoming packets via the new data path.

-
End marker packets flow from the S-GW to the eNB from which the bearer context is transferred via the established X2-U forwarding tunnel to the eNB to which the bearer is transferred. 
-
Arrival of the end marker packets at the involved eNBs may trigger the final release of the forwarding resources and the bearer context (or the whole UE context in case of SeNB Release). Whether explicit signalling is used for the final release or implicit/local release is performed needs to be looked at case by case.

Data Forwarding may become necessary during all basic scenarios agreed for Rel-12 that involve the transfer of bearer contexts (SeNB Addtion/Modification/Release, SeNB change and MeNB to eNB mobility).
Observation 1: For data forwarding during relevant Dual Connectivity scenarios the same mechanisms can be applied as for X2HO.
Observation 2: Establishment of forwarding tunnel between the involved eNBs needs to be performed before the RRC Connection Reconfiguration procedure is triggered. 
Observation 3:
The existing X2AP SN STATUS TRANSFER procedure can be re-used for Dual Connectivity.
Observation 4: If the source eNB (the node from which the bearer context is transferred) is the MeNB, triggering the stop of PDCP SN assignment and start of data forwarding is a MeNB internal event. 
However, if the source eNB is the SeNB, the trigger to stop sending user data to the UE start data forwarding needs to be provided by the MeNB via explicit X2 signalling.
Observation 5: Like for X2 HO, the S-GW will insert end marker packets in the old data path before performing the path update.

Observation 6: Arrival of the end marker packets at the involved eNBs may trigger the final release of the forwarding resources and the bearer context (or the whole UE context in case of SeNB Release). Whether explicit signalling is used for the final release or implicit/local release is performed needs to be looked at case by case. 

2.3
Data Forwarding Signalling Flow in Dual Connectivity
Data forwarding needs to be further looked at in detail for the following scenarios:
-
Bearer contexts transferred to the SeNB at SeNB Addition or SeNB Modification
-
Bearer contexts transferred to the MeNB at SeNB Modification

-
Bearer contexts transferred to the MeNB at SeNB Release
2.3.1
Bearer Contexts transferred to the SeNB (Add/Modify)
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Figure 1: Data forwarding at bearer context transfer to the SeNB
In attempt to establish principles for data forwarding, observations made in section 2.2 are checked along the Addition scenario:

-
Forwarding resources are established during the preparation phase (step 1).

-
At the start of the execution phase (exact point in time is implementation dependent), the MeNB stops allocating SeNB SNs and provides for RLC-AM bearers the SN Status to the SeNB (step 5).

-
The S-GW, upon path update, inserts end-marker packets before finally switching to the new path (step 8).

-
Reception of the end-marker packet in the SeNB triggers release of the forwarding resources in the SeNB (step 9).

-
If no forwarding would have been triggered, completion of the path update procedure (assuming successful completion of the execution phase) would trigger the MeNB to release the bearer context in the MeNB. 
With forwarding, release of the bearer context could be either triggered by the reception of an end-marker packet or by an explicit release indication from the SeNB.
There shouldn’t be any concern to implicitly release the bearer contexts by the reception of end markers.
2.3.2
Bearer Contexts moved to the MeNB at SeNB Modification
It is assumed, that the UE context in the SeNB is kept (i.e. there is at least one bearer context left in the SeNB).
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Figure 2: Data forwarding at bearer context transfer to the MeNB at SeNB Modification
In principle, the same principles can be established for forwarding as in the bearer context transfer to the SeNB, with the following differences:

-
As discussed in Observation 4, the SeNB should upon receipt of the X2AP message that provides the forwarding address at the MeNB to the SeNB (step 1a) stop allocating SNs and provide for RLC-AM bearers the SN Status to the MeNB (step 5). 
-
Coordination of step 1a and 2 is implementation specific, but the timing should be chosen in a way that it minimises impact on end-user QoS perception.
-
Reception of the end-marker packet in the SeNB triggers release of the forwarding resources in the MeNB (step 9).

-
Final Release of bearer context resources at the SeNB could be either triggered by the reception of an end-marker packet. We wouldn’t see a really need for an explicit X2AP release indication from the SeNB.
2.3.3
Bearer Contexts moved to the MeNB at SeNB Release

It is assumed, that the UE context in the SeNB is released and that least the respective bearer context is moved to either the MeNB, another SeNB or even an target eNB.
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Figure 3: Data Forwarding at bearer context transfer to the MeNB at SeNB Release
In principle, the same principles can be established for forwarding as in the bearer context transfer scenarios described in section 2.3.2, with the difference that transfer of the bearer context includes the release of the whole UE Context.

So, there might be a good reason to provide an explicit final release indication, as it is done for the X2 HO, where the node, that represent the endpoint of data forwarding and is the ultimate node to receive the end-marker sends a release indication to its peer node.

Observation 7: Arrival of the end marker packets at the eNBs involved in dual connectivity can trigger either the release of forwarding resources or bearer contexts or (in case of SeNB release) the whole UE context.

3
Summary and Proposal 
This contribution discussed Data Forwarding Functions in the light of principles and mechanisms established for X2 HO.

We first made several general observations for data forwarding and “tested” those observations by looking at different data forwarding scenarios which were categorised along the direction of bearer context transfer (i.e. whether it is transferred to the MeNB or to the SeNB).

With this in mind, we would like to formulate the relevant observations made as general principles and propose them for agreement:

Proposal 1: 
Data forwarding during relevant Dual Connectivity scenarios shall aim at applying the same mechanisms as specified for X2 HO.

Proposal 2: 
Establishment of forwarding tunnel between the eNBs involved in DC is performed before the RRC Connection Reconfiguration procedure is triggered. 
Proposal 3: 
For data forwarding for RLC-AM bearers the existing X2AP SN STATUS TRANSFER procedure is re-used for Dual Connectivity.
Proposal 4a:
If the source eNB (the node from which the bearer context is transferred) is the MeNB, triggering the stop of PDCP SN assignment and start of data forwarding is an MeNB internal event and therefore an implementation matter.
Proposal 4b:
If the source eNB (the node from which the bearer context is transferred) is the SeNB, triggering stop of PDCP SN assignment and start of data forwarding is an implementation matter, but needs to be provided by the MeNB via explicit X2 signalling.
Proposal 5: 
Like for path switch at X2 HO, at path update for DC, the S-GW will insert end marker packets in the old data path before performing the path update.

Proposal 6: 
Arrival of the end marker packets at the target eNB (the eNB to which the bearer context is transferred) triggers the final release of the forwarding resources at the target eNB 

Proposal 7: 
Arrival of the end marker packets at source eNB (the node from which the bearer context is transferred) triggers the release of old bearer contexts or (for SeNB Release) the whole UE context.
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