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1
Introduction
RAN3#87 discussed X2-U UL packet loss and captured the following in the TR:

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. The relevance of this issue needs to be further discussed.

This contribution discusses the issue further, along with identified solutions, including the consequences from a null solution of doing nothing about such loss.
2
Problem
On PDCP operation in general, the following was agreed in RAN2#79bis:

Proposal 1: Transmitter shall not transmit beyond PDCP SN of (x + Reordering_window) where x is the SN of the first PDCP SDU whose successful delivery has not been confirmed by the lower layer.

-
<...>

=>
RAN2 confirms P1. Nothing needs to be captured.
This principle was separately confirmed also for split bearers in RAN2#85bis:

=>
The PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync. (as in legacy behaviour). 

For PDCP of a split bearer at MeNB, this is made possible by the following indications a) and d) specified in TS 36.425:

When the SeNB decides to trigger the Feedback for Downlink Data Delivery procedure it shall report:

a)
the highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the MeNB;

<...>

d)
the X2-U packets that were declared as being "lost" by the SeNB and have not yet been reported to the MeNB within the DL DATA DELIVERY STATUS frame.
However, a DL DATA DELIVERY STATUS frame does not enjoy guaranteed delivery, but can be lost in transfer. As an example, consider the following sequence of events (with reference to the specified indications a) and d)):

1. SeNB sends DL DATA DELIVERY STATUS frame indicating:
a)=10; d)={7}[as translated into PDCP SN from the actually indicated X2-U SN]

· This means that PDCP at UE is still waiting to receive PDCP PDU with SN=7

2. This frame is lost in X2 transfer

3. The next DL DATA DELIVERY STATUS frame from SeNB indicates:
a)>>7; d)={empty}

At this point, the PDCP at UE is still waiting to receive PDCP PDU with SN=7. But because the previous DL DATA DELIVERY STATUS frame was lost, MeNB will assume that the lower edge of UE’s PDCP reception window is at SN>>7 instead, which prevents it from properly exercising the above principle agreed by RAN2.
3
Discussion of identified solutions
3.1
Solution 0: do nothing about loss of packet-loss indication
In this case, nothing prevents the above sequence of events from continuing as follows:

4. MeNB transmits and the UE receives PDCP PDUs with SNs up to some N >> (7 + Reordering_window). All PDUs beyond (7 + Reordering_window) are ACKed by UE RLC but, as being outside the reception window, discarded by UE PDCP
5. MeNB, operating based on the RLC ACKs and hence completely unaware of any problem, goes on to transmit PDCP PDUs with SNs up to some M >> N, which are received by the UE and undergo the same treatment as those in the previous step.

Observation 1:
Although X2-U packet loss should be rare, doing nothing about a lost packet-loss indication when it happens can escalate into massive packet loss, which is against the notion of a (split) AM bearer.
Proposal 1:
Loss of packet-loss indication needs to be addressed by some means.
3.2
Solution 1: repetition of DL DATA DELIVERY STATUS frames containing packet-loss indication, no feedback
This solution has the advantage of zero specification impact. Its ability to solve the problem is questionable, however.
If there is no indication in place for SeNB to know that a packet-loss indication has been correctly received, the SeNB can only send some repetitions and hope for the best. When packet loss occurs over X2, it is most likely due to a buffer overflow, which makes the packet losses correlated: given that the initial transmission is lost, it is likely that also the repetitions are lost.

Observation 2:
Repetition of packet-loss indications, with no feedback, does not ensure their successful delivery and hence is an incomplete solution.

3.3
Solution 2: SNs in DL DATA DELIVERY STATUS frames
The previous RAN2 and RAN3 meetings saw proposals that the DL DATA DELIVERY STATUS frames come with sequence numbers, so that MeNB can detect if such frames have been lost and take appropriate action. As an example of such action, [R2-144367] suggested the following:

If MeNB finds that a certain feedback packet from SeNB is lost, it shall start a timer which takes into account the reordering timer configured at UE, to avoid advancing the packet transmission too much.
However, addition of a sequence number still leaves MeNB unaware of the PDCP PDU(s) that SeNB declared as lost in the DL DATA DELIVERY STATUS frame that was never received, which are PDCP PDU(s) that MeNB should still retransmit. As a result, after the PDCP reordering timer expires at the UE, the PDU loss will progress to upper layers, most likely TCP in the split-bearer case. Furthermore, for the duration of such a timer, this unawareness forces the MeNB to only rely on DL DATA DELIVERY STATUS information received before the detected frame loss, which can hold back the MeNB PDCP’s transmission window considerably. Both these factors reduce performance.

Observation 3:
Sequence numbers in DL DATA DELIVERY STATUS frames alone do not allow recovering the PDCP-PDU loss and result in reduced performance at loss of packet-loss indication.

We also make a side note that because uplink PDCP PDUs and DL DATA DELIVERY STATUS frames can be sent independently by the SeNB, i.e. the SeNB can always send one without sending the other, sequence numbers in DL DATA DELIVERY STATUS frames do not allow loss detection of uplink PDCP PDUs.
Observation 4:
Sequence numbers in DL DATA DELIVERY STATUS frames do not allow loss detection of uplink PDCP PDUs.

3.4
Solution 2bis: NACKs for DL DATA DELIVERY STATUS frames
On top of Solution 2, this solution adds indications of loss of DL DATA DELIVERY STATUS frames from MeNB to SeNB based on the SN, allowing SeNB to retransmit any NACKed DL DATA DELIVERY STATUS frames.

This would require SeNB to keep the sent DL DATA DELIVERY STATUS frames buffered. In fact, this raises the question, when can the SeNB discard such a stored DL DATA DELIVERY STATUS frame, in particular once it is NACKed and retransmitted: if no further NACKs are received, was the retransmitted DL DATA DELIVERY STATUS frame successfully received – or was also the retransmission or a further NACK lost?
Observation 5:
For a complete solution, sequence numbers and NACKs for DL DATA DELIVERY STATUS frames would also require ACKs on DL DATA DELIVERY STATUS frames.

3.5
Solution 3: keeping loss indication (d) included until confirmed by MeNB
This solution would only entail the introduction of ACK – only not referring to SNs of DL DATA DELIVERY STATUS frames (hence no need for such SN), but to the PDCP SNs in the loss indication (d). Instead of having to buffer sent DL DATA DELIVERY STATUS frames, the SeNB would only need to keep record of loss indications not yet confirmed by MeNB.

The ACK received from MeNB is a foolproof way for SeNB to be sure that the loss indication (d) was eventually received successfully. Compared to Solution 2bis completed with ACKs, it also minimizes specification impact.

Considering backwards compatibility, a Rel-12 MeNB will naturally not be sending such confirmations. Such a situation where a MeNB and SeNB support different releases should be rare and temporary. Since for any MeNB, a SeNB only needs to conclude once (or once every now and then) that the MeNB does not support the confirmation, it does not seem necessary to standardize exactly how many times a SeNB should repeat a retransmission of a loss indication before drawing that conclusion.
Proposal 2:
Capture in the TR that it helps MeNB PDCP in not bringing more than half the sequence number space in flight in order to avoid HFN de-sync, if SeNB shall keep declaring any lost X2-U packet in successive DL DATA DELIVERY STATUS frames until receiving confirmation from MeNB (or concluding after some repeated retransmissions that the MeNB does not support such confirmation). 
4
Conclusion
This contribution discussed severity of and solutions for loss of DL PDCP-PDU loss indication on X2-U, and concluded with the following:
Observation 1:
Although X2-U packet loss should be rare, doing nothing about a lost packet-loss indication when it happens can escalate into massive packet loss, which is against the notion of a (split) AM bearer.

Observation 2:
Repetition of packet-loss indications, with no feedback, does not ensure their successful delivery and hence is an incomplete solution.

Observation 3:
Sequence numbers in DL DATA DELIVERY STATUS frames alone do not allow recovering the PDCP-PDU loss and result in reduced performance at loss of packet-loss indication.

Observation 4:
Sequence numbers in DL DATA DELIVERY STATUS frames do not allow loss detection of uplink PDCP PDUs.

Observation 5:
For a complete solution, sequence numbers and NACKs for DL DATA DELIVERY STATUS frames would also require ACKs on DL DATA DELIVERY STATUS frames.

Proposal 1:
Loss of packet-loss indication needs to be addressed by some means.

Proposal 2:

Capture in the TR that it helps MeNB PDCP in not bringing more than half the sequence number space in flight in order to avoid HFN de-sync, if SeNB shall keep declaring any lost X2-U packet in successive DL DATA DELIVERY STATUS frames until receiving confirmation from MeNB (or concluding after some repeated retransmissions that the MeNB does not support such confirmation). 

A text proposal for capturing Proposal 2 is provided in section 5.
5
Text Proposal to TR36.875
Beginning of Text Proposal implementing Proposal 2
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. 
Whether a similar issue exists for X2-U UL packet loss needs to be further evaluated.
Accounting for loss of packet-loss indication
The PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync. For PDCP of a split bearer at MeNB, this is made possible by the following indications in X2-U PDU of Type 1 DL DATA DELIVERY STATUS:

a)
the highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the MeNB;

d)
the X2-U packets that were declared as being "lost" by the SeNB and have not yet been reported to the MeNB within the DL DATA DELIVERY STATUS frame.

 However, a DL DATA DELIVERY STATUS frame does not enjoy guaranteed delivery, but can be lost in transfer. As an example, consider the following sequence of events (with reference to the specified indications a) and d)):

1. SeNB sends DL DATA DELIVERY STATUS frame indicating:
a)=10; d)={7}[as translated into PDCP SN from the actually indicated X2-U SN]

· This means that PDCP at UE is still waiting to receive PDCP PDU with SN=7

2. This frame is lost in X2 transfer

3. The next DL DATA DELIVERY STATUS frame from SeNB indicates:
a)=15; d)={empty}

At this point, the PDCP at UE is still waiting to receive PDCP PDU with SN=7. But because the previous DL DATA DELIVERY STATUS frame was lost, MeNB will assume that the lower edge of UE’s PDCP reception window is at SN=15 instead, which prevents it from properly exercising the above principle.

A simple solution would be for the SeNB to keep the PDCP-PDU loss indications (d) included in the successive DL DATA DELIVERY STATUS frames until confirmed by MeNB. This would mean removing the current restriction:

d)
the X2-U packets that were declared as being "lost" by the SeNB and have not yet been reported to the MeNB within the DL DATA DELIVERY STATUS frame.
At simplest, the confirmation by MeNB would be implemented by replicating in a PDU type sent by MeNB the format of the IEs used for the indication d) in the DL DATA DELIVERY STATUS frame. While these confirmation IEs could be added to the frame format of DL USER DATA, it seems cleaner not to make their sending dependent on the MeNB having PDCP PDUs to send to SeNB, and to define a new PDU Type for the purpose instead, as follows.

5.5.2.x
LOST X2 RECEIVED CONFIRMATION (PDU Type X)

This frame format is defined to confirm the reception of lost X2 packet indication to allow the MeNB to notify the confirmation to the SeNB.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=X)
	Spare
	1

	Number of lost X2-U Sequence Number ranges confirmed
	1

	Start of lost X2-U Sequence Number range
	4* (Number of confirmed lost X2-U SN ranges)

	End of lost X2-U Sequence Number range 
	

	Spare extension
	0-4



Figure 5.5.2.x-1: LOST X2 RECEIVED CONFIRMATION (PDU Type X) Format

5.5.3.x
Number of lost X2-U Sequence Number ranges confirmed

Description: This parameter indicates the number of X2-U Sequence Number ranges confirmed to be lost.

Value range: {1..256}.

Field length: 1 octet.
Next Text Proposal implementing Proposal 2
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.
X2-U UL packet loss
It helps MeNB PDCP in not bringing more than half the sequence number space in flight in order to avoid HFN de-sync, if SeNB shall keep declaring any lost X2-U packet in successive DL DATA DELIVERY STATUS frames until receiving confirmation from MeNB.
End of Text Proposal implementing Proposal 2



