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1
Introduction

At RAN3#85 discussions took place on whether the MeNB should be notified when/that it has received the last feedback packet.

An agreement was made, that this notification should be sent via UP means, i.e. come along with the last feedback packet itself.

It has been also noted that this topic needs to be discussed in relation to the release of the UL part of the X2-U bearer.

This document discusses various pros and cons of this notification.

Further we discuss whether a specific mechanism is required to indicate that the MeNB doesn’t have to expect any more UL packets on X2-U in case the split bearer that is released was configured with SCG UL resources.
2
Discussion

2.1
Indicating that the MeNB doesn’t need to expect any more DL DATA DELIVERY STATUS frame
In order to understand the pros and cons, we try to depict the timelines of an approach that does not foresee the “final packet” indication.
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Figure: Timeline of split bearer release
The figure above shows a likely MeNB behaviour for the release of the SeNB branch without the final packet indication (assuming that the E-RAB isn’t released as such but e.g. changed from a split bearer type to an MCG bearer):
-
The MeNB triggers the release of the SeNB branch with an appropriate X2AP message.

-
The SeNB performs the necessary actions to release the indicated bearer among which it sends a final DL DATA DELIVERY STATUS frame to the MeNB.

-
The MeNB, as a possible implementation option would need to wait for some time (“Twait”) in order to be able to declare the received DL DATA DELIVERY STATUS frame as the last one to be expected from the SeNB.
-
After that, the MeNB may decide to re-transmit those DL UP packets via the MCG that were not able to be delivered to the UE via the SCG. 

Following the illustration as outlined in the figure above one can summarise the advantages of introducing a “last packet” indication as follows:

-
The MeNB would have the possibility to start re-transmission of packets originally destined for the SeNB via MCG resources at the reception of the last feedback, i.e. before expiry of Twait, without any risk of unnecessary duplication on the UE side.
-
This approach would reduce the interruption of DL user data transmission as experienced at the UE, which can be expected from the re-ordering activities of those packets that where “in flight” either on X2-U or already stored in the SeNB buffer waiting for transmission via SCG resources. 
However, looking at the gain achievable the following needs to be taken into account:

-
The amount of data to be re-ordered depends on the backhaul delay and on the implemented strategy to buffer user data at the SeNB and on the user data bit-rate.
-
Typically, the amount of DL packets stored in the SeNB buffer should be as small as possible for optimum operation of split bearers. 

-
The time chosen to wait for the arrival of a very last feedback packet will depend on the frequency of feedback experienced in the past, but is typically expected to be in the order of 10-20ms.

-
A fair amount of the overall delay and resulting end-user experience is produced by the backhaul delay, which cannot be solved by a “final packet” indication either. The possible implementation depicted in the Figure above represents, to our understanding, a rather simple approach. 
-
One could also think of more optimum solutions, if C- and U-plane entities are able to communicate with each other appropriately and the backhaul delay is known. E.g., the C-plane entity in the MeNB could task the U-plane entity to regard the SeNB branch to be released at a very precisely pre-determined time.
-
Another approach could foresee, in case the bearer release is MeNB triggered, to stop data transmission towards the SeNB shortly before the X2AP release message is sent. A similar scheme could also work in a SeNB triggered scenario.
Observation 1 Introducing a “final packet” indication would only reduce a fraction of the overall delay the re-transmitted packets would experience. There are other means necessary to reduce the delay caused by backhaul and SeNB buffering. If compensation schemes for the latter components are introduced, the “final packet” indication wouldn’t be necessary.
Proposal 1 We propose to not introduce an indication DL DATA DELIVERY STATUS frame to indicate that the MeNB wouldn’t need to expect any more feedback frame for the respective E-RAB.
2.2
Indicating that the MeNB doesn’t need to expect any more UL data
RAN3 also discussed that the issue of indicating the last DL DATA DELIVERY STATUS frame should be considered together with the release of UL bearer during SeNB release. (See R3-142109).

So, let’s again have a look at a timeline for an MeNB initiated SeNB Release, where E-RAB split bearer are configured in the SeNB with the UL on SCG.
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Figure: SeNB Release – split bearer UL configured on SCG
-
The MeNB triggers the SeNB Release.

-
The SeNB releases the related SCG resources.

-
There are still user data packets coming in on X2-U

-
The MeNB would need to wait for a short while until it finally releases the UE context at the SeNB. (We decided at RAN3#85 to always send the UE CONTEXT RELEASE message, regardless the bearer type and configuration).

While in the discussion on the “final packet” indication, some benefits could be identified, the advantage of indicating the last UL user data packet (with whatever protocol means) is rather marginal. Even if the UE CONTEXT RELEASE message is sent before the last UL user data packet is received, the MeNB should be still in the position to process these packets for a short while. Reasonable implementations e.g. could foresee to not immediately re-use U-plane resources and to keep these resources up and running for some time (e.g. ~2 times the X2-U round trip delay).

Proposal 2 We propose to not introduce any protocol means to indicate the last UL packet on X2-U during SeNB Release.

3
Proposal

Observation 1
Introducing a “final packet” indication would only reduce a fraction of the overall delay the re-transmitted packets would experience. There are other means necessary to reduce the delay caused by backhaul and SeNB buffering. If compensation schemes for the latter components are introduced, the “final packet” indication wouldn’t be necessary.


Proposal 1
We propose to not introduce an indication DL DATA DELIVERY STATUS frame to indicate that the MeNB wouldn’t need to expect any more feedback frame for the respective E-RAB.
Proposal 2
We propose to not introduce any protocol means to indicate the last UL packet on X2-U during SeNB Release.
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