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1. Introduction 
In RAN3#87bis, it has been discussed and noted that:
NOTE:
Whether re-ordering delay in SeNB needs to be further studied is FFS.
This contribution studies this possible issue 
2. Discussion

2.1 HFN Desynchronization scenario
The assumptions are the following: 
- MeNB has decided to send PDCP PDUs via its own MCG and also via SeNB SCG to the UE).
- MeNB and UE are synchronized with the PDCP Re-ordering timer (36.323).
The process in MeNB is as the following:
Step M1) PDCP in MeNB starts PDCP Re-ordering timer soon after sending out first PDCP PDU. MeNB can send consecutively several PDCP PDUs within the timer. The number of PDCP PDUs that can be sent within the timer shall not exceed the Re-ordering window size (which is half of SN).
Step M2) After the PDCP re-ordering timer expiry, MeNB repeat step M1 to send other new PDCP PDUs, if any.
The process in SeNB is as the following:

Step S1) RLC in SeNB starts RLC Re-ordering timer soon after sending out first RLC PDU. SeNB can send consecutively several RLC PDUs. 
Step S2) After the RLC re-ordering timer expiry, SeNB repeat the step S1 to send other new RLC PDUs, if any.

SeNB sends to MeNB the X2-UP: DL DATA DELIVERY STATUS (PDU Type 1) to inform the delivery status of the PDCP PDUs.

The PDCP Re-ordering timer value and the RLC Re-ordering timer value can be different, due to the distributed architecture concept, for which each eNB has its own RRM strategy, policy, and also the traffic situation.
So here we give a simple example:

- For simplicity of explanation reason, assuming SN size is 10 so PDCP re-ordering window is 5. PDCP re-ordering timer is set to value “Tpdcp”.

- Assuming RLC re-ordering timer is set to value “Trlc”.  Trlc > Tpdcp (i.e. value ”Trlc” is larger than “Tpdcp”.)
1) MeNB sends PDCP PDU with SN#3, #4, #5, #6, #7 to SeNB.

2) For simplicity of explanation reason, SeNB construct one PDCP PDU into one RLC SDU. 

3) SeNB RLC sends out those PDCP PDUs, but receive acknowledge of #4, #5, #6 from UE. Since the RLC re-ordering timer Trlc is not expired yet, the SeNB RLC keep #3 and #7 in re-transmission buffer.
4) At the same time, since MeNB PDCP re-ordering timer Tpdcp has expired, it then considered the PDCP SN#3, #7 as lost, then slice the re-ordering window in order to send next PDCP PDU#8, #9, #10, #1, #2, via its own MeNB RLC.
5) Since the SeNB RLC Re-ordering time Trlc is still ongoing, so SeNB still try to re-transmit the #3, #7 as the number of re-transmission is still below the upper limit. 

6) The PDCP PDU#8, #9, #10, #1, #2, via its own MeNB RLC has been successfully transmitted to the UE (i.e. acknowledge is received by the MeNB RLC).

7) At this timing, the SeNB RLC has successfully transmitted the PDCP PDU#3, #7 to the UE (i.e. acknowledge is received by the SeNB RLC).

It is obvious that the HFN desynchronized occur at the step 7, as the UE expects the PDCP PDU#3 will be HFN=X, while the received PDCP PDU#3 from SeNB is HFN=X-1.
This kind of problem should not happen normally if the radio condition is good. In other words, this kind of problem may happen e.g. when the UE is temporary in bad radio situation under SeNB.
2.2 Study of Solutions
Three solutions have been proposed. 

Solution 1: Introducing Delivery timer. 
The “delivery timer” will be an indication t0 the SeNB to discard the PDCP PDU when after the timer expires when still the PDCP PDU cannot be transmitted to the UE. A Delivery Failure indication from SeNB to MeNB is needed when after the “delivery timer” expires ([3] R3-140560).
Solution 2: Introducing Discard Indication from MeNB to SeNB.

The Discard Indication will be similar to the “Flush” in 25.435, which is also required in the 36.322 (RLC). The MeNB may base on its internal mechanism e.g. the PDCP Re-ordering timer to decide to initiate the discarding indication. Upon receiving of Discard Indication, the SeNB will need to discard the particular RLC SDUs. The Discard Indication is to be defined as new PDU Type in X2 UP (36.425).
Solution 3: Introducing of Time Stamping.
The idea is to indicate the time stamp in the DL USER DATA (PDU Type 0) frame when packet is sent by the MeNB to the SeNB. The time to indicate has been proposed as the arriving time in PDCP of MeNB [10] R3-150440. The SeNB may use this time indication when scheduling the data sending. If the time of the packet arriving in SeNB, or the buffering time of the packet in SeNB has been over the delay budget, the SeNB may consider to discard the packet. 
	Example of each solution

The comparison is shown by giving an example. Below we referred to an example as discussed in [3] R3-140560.
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Fig 2 the timing of “delivery timer” solution and “discard indication” solution and the “Time stamping” solution

Example of solution 1(delivery time): T1 as the starting time 0, T2 is presumed as 30ms because of transmission delay. T2 – T3 is the delivery timer and presumed as 180ms. T3 is then 210ms. T4 will be 240ms. Assuming PDCP PDU reordering timer is configured to be 300ms, the MeNB can have 60ms margin to retransfer the PDCP PDU via its MCG, or just discard if the delay budget cannot be met anymore.

Example of solution 2 (discard indication): Ta as the starting time 0, Tb is presumed as 30ms because of transmission delay. In order for the SeNB to discard the PDCP PDU in the Td timing as 240ms, Ta-Tc is the MeNB internal timer which can be 210ms, which mean TC is 210ms. Assuming PDCP PDU reordering timer is configured to be 300ms, the MeNB can have 60ms margin to retransfer the PDCP PDU via its MCG, or just discard if the delay budget cannot be met anymore. 

Example of solution 3(time stamping): Tw as the starting time 0 (time stamp=0), Tx is presumed as 30ms because of transmission delay. The Time Stamping solution is following the delay budget value in the QCI (e.g. QCI#4 its delay budget =300ms), so when the packet arrive at the SeNB, if take the above example, it will be 30ms, and there will be 270ms left in the SeNB to schedule the packet.  If there will be a need to consider the retransmission in MeNB if the SeNB cannot successfully transmit, then Ty is 210ms, Tz is 240ms, MeNB can have 60ms margin to retransfer the PDCP PDU via its MCG, or just discard if the delay budget cannot be met anymore.


Analysis of each solution

Regarding the solution 1(delivery time), MeNB cannot know the SeNB situation timely, and the latency over X2 can be variable time to time, the Delivery Time set by MeNB may be not workable for some cases. For example, assuming the delivery timer that is indicated by MeNB as 180ms, if the packet arriving time at T2 is e.g. 200ms, then at the maximum time of the delivery timer, the packet delivery is useless but the SeNB still think it is within the delivery timer, then will try to delivery to the UE. But of course this example is quite extreme.
Regarding the solution 2 (discard indication), when to send out the Discard Indication is purely based on the decision in the internal MeNB, then the SeNB can simply just discard the packet if it is still in the buffer or ignore the Discard Indication if the SeNB has already sent out. The Discard Indication solution can also be used when there is a need for MeNB to ask for aborting the sending due to e.g. MeNB internal reasons that does not necessary need to tear down the E-RAB or the link with the SeNB, such as the PDCP internal reason, i.e. which means this solution is more flexible.
Regarding the solution 3(time stamping), the scheduler in SeNB will be based on the delay budget value of QCI, without any further other indication from MeNB. If the Tx is 200ms, then SeNB will know it has 100ms left to buffer the packet. If the Tx is 300ms, then SeNB will not try to schedule the packet. One possible drawback of the Time Stamping solution is that the MeNB and SeNB need to be time synchronized.
The way to implement each solution

For the three solutions their way to implement:
- Introducing new signalling: 

1) Failure Indication from SeNB to MeNB for Delivery Timer solution; 
2) Discard Indication from MeNB to SeNB for Discard Indication solution.

3) Failure Indication from SeNB to MeNB for Time Stamping solution (if needed).

- introducing new IE: 
1) Standardized timer parameter to indicate from MeNB to the SeNB for Delivery Timer solution;
2) No new parameter is needed for Discard Indication solution.
3) Standardized time to indicate from MeNB to SeNB for Time Stamping solution.
Either of solution can be taken as a way to be implemented in the standard. It is preferable to have the Discard Indication solution for a reason that it is controllable by the MeNB and no need to standardize the timer parameter, and also more flexible use for any reason in MeNB when need to aborting the sending the packets.
3. Conclusion and proposal

This Contribution discussed the possible HFN desynchronization scenario and possibility of discarding of obsolete PDCP PDUs function. Comparison of the solution of Delivery Timer and Discard Indication and Time Stamping were studied as well.
Proposal 1: it is proposed to identify the possible HFN desynchronization scenario, and agree to do future normative work to solve the issue.
Proposal 2: it is proposed to capture the text into the TR36.875 
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4.4.x
Enhancement on avoiding possible HFN desynchronization 

4.4.x.1
Problem Statement

Having a distributed architecture principle that the MeNB and the SeNB may have different RRM strategy, the HFN desynchronization may occur. For example when the PDCP re-ordering timer handling and the RLC Re-ordering timer handling will be quite different between MeNB and SeNB, it may happen that the obsoleted PDCP PDUs are still sent out by the SeNB.
4.4.x.2
Proposed solutions
In order to avoid such HFN desynchronization happen, some solution has been proposed to discard the obsoleted PDCP PDUs in the SeNB.
Solution 1: Introducing Delivery timer. 
The “delivery timer” will be an indication to the SeNB to discard the PDCP PDU when after the timer expires when still the PDCP PDU cannot be transmitted to the UE. A Delivery Failure indication from SeNB to MeNB is needed when after the “delivery timer” expires.

Solution 2: Introducing Discard Indication from MeNB to SeNB.

The Discard Indication will be similar to the “Flush” in 25.435, which is also required in the 36.322 (RLC). The MeNB may base on its internal mechanism e.g. the PDCP Re-ordering timer to decide to initiate the discarding indication. Upon receiving of Discard Indication, the SeNB will need to discard the particular RLC SDUs. The Discard Indication is to be defined as new PDU Type in X2 UP (36.425).
Solution 3: Introducing of Time Stamping.
The idea is to indicate the time stamp in the DL USER DATA (PDU Type 0) frame when packet is sent by the MeNB to the SeNB. The time to indicate has been proposed as the arriving time in PDCP of MeNB. The SeNB may use this time indication when scheduling the data sending. If the time of the packet arriving in SeNB, or the buffering time of the packet in SeNB has been over the delay budget, the SeNB may consider to discard the packet. 

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.

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.
Enhancement on avoiding possible HFN desynchronization
It has been identified that HFN desynchronization may happen in some use cases, solution to discard the obsolete PDCP PDUs in SeNB will be for future normative work.
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