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1
Introduction
In this paper we analyze options for X2 data forwarding for make-before-break (mbb) captured in the WF document from RAN3#93 [1] on the background of received LS from RAN2 [2], and bring proposals for down-selection.
2
Discussion
We would like to bring the following comments to the “not agreed” options captured in [1]:

(1) In principle, the current specification allows flexible implementations which respond to the need of make before break? 

Descriptions relative to data forwarding can be found in the following parts of TS 36.300:
· Figure 10.1.2.1.1-1: Signalling flow for HO (step 8)
· Figure 10.1.2.8.4-1: Change of SeNB (steps 8a, 8b, 9)
· Clause 10.1.2.3: Data forwarding, further detailed for RLC-AM and RLC-UM DRBs
· Clause 20.2.2.4: SN Status Transfer procedure
While parts of the description allow for some flexibility, some aspects are not flexible, e.g.:

· a single SN Status Transfer message is sent for the given HO or SeNB change procedure;
· the presence of a PDCP SN in a forwarded GTP-U  packet is an indication that delivery has been attempted by the source eNB.
In TS 36.423 the SN Status Transfer procedure is described as follows:

“The source eNB initiates the procedure by stop assigning PDCP SNs to downlink SDUs and stop delivering UL SDUs towards the EPC and sending the SN STATUS TRANSFER message to the target eNB at the time point when it considers the transmitter/receiver status to be frozen.”

We therefore believe that careful analysis, including backwards compatibility, of these parts of the specification is needed for any chosen option for data forwarding for mbb.
Proposal 1: RAN3 to carefully analyze stage 2 and stage 3 specification impact for data forwarding options.
(2) SN Status Transfer repetition? 

As indicated above, this option is not in line with current stage 2 specification. The option also presents the risk of ambiguous PDCP SN / HFN state in the target eNB.

Proposal 2: Eliminate option 2 (SN Status Transfer repetition).

(3A) Target eNB requests the data forwarding to the Source eNB (new IE + new procedure), 
In this option the target eNB will request data forwarding when the UE has connected to the target cell by means of PRACH or UL transmission. According to the LS [2] from RAN2, the UE has at this point in time stopped receiving/transmitting data from/to the source cell, meaning that the request can also be used in the source eNB as an indication to stop DL transmission towards the UE. After the request has been sent from the target eNB to the source eNB, DL PDCP SDUs will become available in the target eNB after a delay corresponding to the X2 round-trip delay + processing time in the source eNB. In case of an X2 single-direction latency of 10 ms, the data interruption will be in the order of 20 ms. Benefits of this option would therefore strongly depend on X2 backhaul delay, which again depends on the operator’s deployment options and possibly also on the backhaul load. Due to the dependence on the X2 round-trip delay this option also seems to be less relevant in the present situation than if RAN2 had chosen a different mbb solution enabling simultaneous UE connection to source and target cells (with achievable interuption time corresponding to the one-way X2 delay, or potentially zero interuption time).
Proposal 3: Eliminate option 3A.

(3B) Target eNB decides to maintain or not the source connection? 

Based on the LS [2], it is clear that the UE will not maintain the source connection once it is connected to the target cell. This option can therefore be eliminated. 
Proposal 4: Eliminate option 3B.

(4) Stage 2 descriptions only? 

As mentioned under option 1, stage 3 specification allows the SN STATUS TRANSFER message to be sent only after frozen receiver / transmitter status. This would be the case for option 3A, however that option would require a new signaling procedure and hence stage 3 impact. Current stage 3 specification would not be in line with option 5 (below).

However one possible realization of this option could be that the source eNB keeps the connection towards the UE during some O&M provisioned time interval, e.g. 20-30 ms. Then the receiver/transmitter status is frozen, and the SN STATUS TRANSFER message sent and data forwarding started as per legacy specification.
Proposal 5: Further consider option 4, based on the source eNB keeping the connection towards the UE during some O&M provisioned time interval.

(5) Data transfer on Uu and X2 at same time? 
This option could be further analyzed, e.g. based on allocating PDCP SNs to DL packets buffered in the eNB at the time of sending the HO Cmd. These packets could then be sent to the UE and at the same time forwarded on X2 to the target eNB. It would in this case be important to avoid systematic duplicated sending of the forwarded DL packets when the UE connects to the target eNB, meaning that the PDCP Status Report would need to be immediately sent by the UE to the target eNB. If this option is chosen mbb will only bring benefit in the case where there is buffered DL data in the source eNB, which may depend on e.g. required QoS and radio channel quality.
Proposal 6: Further consider option 5 (data transfer on Uu and X2 at same time).

3
Conclusion
We have brought the following proposals:
Proposal 1: RAN3 to carefully analyze stage 2 and stage 3 specification impact for data forwarding options.
Proposal 2: Eliminate option 2 (SN Status Transfer repetition).

Proposal 3: Eliminate option 3A.

Proposal 4: Eliminate option 3B.

Proposal 5: Further consider option 4, based on the source eNB keeping the connection towards the UE during some O&M provisioned time interval.

Proposal 6: Further consider option 5 (data transfer on Uu and X2 at same time).
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