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Introduction
During the discussion for the ensuring delay target in the last meeting, the issue of packet transmission delay in SeNB is raised.
 The issue may happen in the split bearer option when the packet is scheduled to transmit in SeNB, but the SeNB cannot transmit it to the UE in a short period for some reasons. In this situation, the MeNB may transmit the data packet to the UE via the link in MeNB. Then, the SeNB may transmit the same data packet to the UE when the SeNB is recovered after a short internal. Therefore, the UE would receive the same data packet with different HFN which may lead to the security issue.
In this contribution, we try to analyze the issue to confirm itself and may give the possible solutions for it.

Discussion

In order to solve this possible issue, the first step is to confirm the mechanism of PDCP reordering.
From the specification [1], the reordering function shall be only used in two cases as below,

a) When the PDCP entity is associated with two AM RLC entities or 
b) When the PDCP entity is associated with one AM RLC entity after it was, according to the most recent reconfiguration, associated with two AM RLC entities without performing PDCP re-establishment.

In this case, the reordering function is always adapted when the 3C architecture is used. 

Besides, The UE shall transmit the PDCP status report when upper layers request a PDCP re-establishment which means that the UE won’t send the PDCP status report to the MeNB even if the UE didn’t receive the data packet from the eNB for a long time.
But the issue still could happen if the implementation allows the MeNB send the data packet based on the flow control and the QoS information. 

Observation 1: the packet transmission delay in SeNB may happen depending on the different implementations.

As we have the observation above, there are several possible solutions to solve the issue. 
One possible solution is to use the delivery timer for solving the issue. When the MeNB sends the data packet to the SeNB, the delivery timer shall be sent to the SeNB as well firstly. If the delivery timer on both the SeNB and the MeNB are expired, the MeNB could send the data packet to the UE directly and the SeNB will not send the same packet to the UE and discard it immediately.

Another possible solution is that when the MeNB decides to send the packet to the UE directly, one indication is needed to inform the SeNB to delete the same packet on its side. Then, it will avoid making the SeNB send the same packet to the UE as well.
In light of the analysis, we propose that

Proposal 1: the provided solutions above for the packet transmission delay in SeNB should be captured in the TR.
Conclusion
In this contribution, we analyses the issue itself and the possible solutions as well, and our observation and proposal are:

Observation 1: the packet transmission delay in SeNB may happen depending on the different implementations.

Proposal 1: the provided solutions above for the packet transmission delay in SeNB should be captured in the TR.
Reference

[1] TS 36.323, E-UTRAN Packet Data Convergence Protocol specification, Release-12 
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---------------------------------------------------Start of Change------------------------------------------------------------

4.4
Other enhancement or optimization

4.4.1
UE-AMBR coordination over X2

4.4.1.1
Introduction

In Release 12, the MeNB sets the SeNB UE AMBR during the SeNB Addition procedure and may modify it during the MeNB initiated SeNB Modification procedure. The SeNB is currently not in the position to influence the MeNB’s decision. There are cases conceivable, where the SeNB should be enabled to assist the MeNB to change the current share of the SeNB UE AMBR of the overall UE AMBR.

4.4.1.2
Solutions

The following solutions (or group of solutions) were identified:
Solution 0) 

The SeNB proposes a new SeNB UE AMBR based on information available at the SeNB within the SENB MODIFICATION REQUIRED message and the MeNB finally decides whether to admit the request and provides the modified SENB UE AMBR within the SENB MODIFICATION CONFIRM message.
Solution1)

· The SeNB receives at SENB ADDITION REQUEST message the UE AMBR in addition to the SeNB UE AMBR.

· The SeNB proposes a new SeNB AMBR based on information available at the SeNB within the SENB MODIFICATION REQUIRED message.
·  The MeNB finally decides whether to admit the request and provides the new SeNB UE AMBR within the SENB MODIFICATION REQUEST message. If the UE AMBR has changed, the MeNB can provide it in the same message.

Solution 2)

· The MeNB requests to the SeNB to report assistance information by the Report Characteristic e.g. event trigger report, report only one time, report periodically.
· The SeNB provides“assistance information” to the MeNB.
Examples for possible assistance information are aggregated instantaneous,averaged arriving bitrate, at the SeNB for uplink and downlink. Other factors such as load status and buffer status of SeNB may be assisted for the decision in MeNB. It is still FFS which assistance information would be necessary to enable the MeNB to make a proper decision.

· The MeNB decides to modify the SeNB UE AMRB based on the Assistance Information and provides the new SeNB UE AMBR within the SENB MODIFICATION REQUEST message.

There are two alternative of the signalling procedure for the request and report the assistance information. 

Alternative 2-1: introduce two new general class 2 UE-associated procedures.

1.
The MeNB triggers reporting of assistance information at the SeNB.
Respective information is e.g. contained in a Report Characteristics IE in a new UE-ASSOCIATED INFORMATION REPORT message. 

2.
The SeNB reports the assistance information to the MeNB in a new UE-ASSOCIATED INFORMATION REPORT message.
Alternative 2-2: reusing SeNB/MeNB initiated SeNB Modification procedure.

1.
The MeNB requests in the SeNB ADDITION REQUEST message and SeNB MODIFICATION REQUEST message in a Report Characteristics IE to the SeNB. 

2.
The SeNB reports the assistance information to the MeNB in the SeNB MODIFICATION REQUIRED message.
FFS: The details procedure and further examples may be considered.
4.4.2
X2-UP flow control
4.4.2.1
Ensuring delay target

SeNB and MeNB need to ensure that maximum delay targets of QCI (e.g., 2 or 4) for split bearer are not exceeded.

Some alternatives are identified:

Solution 1: SeNB takes the transmission delay between MeNB and SeNB into account. The SeNB can calculate the delay from SeNB to UE by subtract an additional delay from the delay between MeNB and UE. The details can be left to implementation.
Solution 2: This solution is to introduce timestamp information (i.e. time the PDU has been queued in MeNB) within the DL USER DATA (PDU Type 0) frame under assumption of synchronized network.

Solution 3: This solution is to introduce a discard indication sent from the MeNB to the SeNB. The MeNB may, based on internal mechanisms e.g. the expiry of an internal timer, decide to initiate the discard indication. Upon receiving of discard indication, the SeNB needs to discard the particular RLC SDUs.
Solution 4: This solution is to introduce delivery timer as an indication in the SeNB to discard the PDCP PDU when after the timer expires when still the PDCP PDU cannot be transmitted to the UE.
Ensuring packet delay target should not be a significant problem since SeNB may know the delay from MeNB to SeNB by Solution 1 above.
NOTE:
Whether re-ordering delay in SeNB needs to be further studied is FFS.4.4.2.2
X2-U UL packet loss

In Release 12 DC, handling of X2-U DL packet loss is supported by observing whether consecutive X2-U SNs are received at the SeNB in X2-U DL packets. Loss of the report of packet loss may cause an issue. A possible solution is the SeNB to keep the PDCP-PDU loss indications included in the successive DL DATA DELIVERY STATUS frames until explicitly confirmed by MeNB. Alternatively implementations could foresee e.g. repeat the status reporting; or to set an appropriate PDCP reordering window and PDCP status reporting parameters. Taking above analysis into account, there are several implementation specific solutions possible to handle X2-U UL packet loss.

4.4.3
Packet transmission delay in SeNB
The packet transmission delay in SeNB may happen in the split bearer option when the packet is scheduled to transmit in SeNB, but the SeNB cannot transmit it to the UE in a short period for some reasons. In this situation, the MeNB may transmit the data packet to the UE via the link in MeNB. Then, the SeNB may transmit the same data packet to the UE when the SeNB is recovered after a short internal. Therefore, the UE would receive the same data packet with different HFN which may lead to the security issue.
There are several possible solutions for solving this issue as below.
One possible solution is to use the delivery timer for solving the issue. When the MeNB sends the data packet to the SeNB, the delivery timer shall be sent to the SeNB as well firstly. If the delivery timer on both the SeNB and the MeNB are expired, the MeNB could send the data packet to the UE directly and the SeNB will not send the same packet to the UE and discard it immediately.

Another possible solution is that when the MeNB decides to send the packet to the UE directly, one indication is needed to inform the SeNB to delete the same packet on its side. Then, it will avoid making the SeNB send the same packet to the UE as well.
---------------------------------------------------End of Change------------------------------------------------------------

---------------------------------------------------Start of Second Change--------------------------------------------------
5
Conclusions
Location Reporting Enhancement
There is no clear requirement to enhance the Location Reporting from pure location accuracy purpose.

UE-AMBR coordination over X2
In order to optimize the overall throughputs for the UE and avoid restrict the bitrate unnecessary, UE-AMBR coordination over X2 is feasible in Release 13.
CSG support for Dual Connectivity

CSG support for hybrid access HeNBs acting as SeNBs has been identified as the only option for future normative work.

Handover Enhancements
Data Forwarding: No standardisation impact was identified during the study.
Ensuring delay target
Ensuring packet delay target should not be a significant problem since SeNB may know the delay from MeNB to SeNB.
X2-U UL packet loss
There are several implementation specific solutions possible to handle X2-U UL packet loss. No standardized solution will be further pursued.
Packet transmission delay in SeNB

The solution for packet transmission delay in SeNB could be decided during the further normative work.
LIPA in the dual connectivity:

Use cases for LIPA are covered by use cases for SIPTO with co-located L-GW. The conclusion for SIPTO with collocated LGW can be applied to LIPA.
---------------------------------------------------End of Second Change---------------------------------------------------
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