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1.  Introduction 
In the RAN2#86 & RAN3#84 meeting, the following agreements were made on reporting of successfully delivered PDCP PDUs in dual connectivity [1].
	Agreements:
· Feedback on PDCP PDUs successfully transmitted to the UE is provided to the MeNB in a cumulative way, i.e. not each and every successfully transmitted PDU is indicated, but only the highest sequence number of that PDU that was successfully transmitted in order to the UE.

· Packet loss over X2 needs to be considered. In order to allow the detection of PDUs not delivered via X2 or discarded at the SeNB, the SeNB has to be able to detect lost PDUs and declare those packets together with packets discarded at the SeNB as being “lost”, and provide respective feedback to the MeNB.

· One way to implement the function to report “lost” PDUs is to transmit the PDCP PDUs from the MeNB to the SeNB along with sequence numbers specific for the transmission on the X2 interface and independent from the PDCP SNs assigned by the MeNB. This X2 specific sequence number would be the one used for reporting those PDUs declared to be “lost” by the SeNB. It is FFS whether reporting the highest sequence number of that PDU that was successfully transmitted in order to the UE is based on that X2 specific sequence number as well.

· All PDUs with a SN equal to or lower than the SN indicated by the SeNB for feedback of successfully delivered PDUs are considered by the MeNB as successfully received by the UE, apart from the PDUs reported as being “lost” by the SeNB.

· The frequency of the indication from the SeNB is up to SeNB’s decision by an implementation matter or MeNB may configure the frequency of the feedback.


2. Discussion
Based on the agreement, the following questions should be considered.
Question 1: How often should the SeNB send an indication to the MeNB?

The SeNB sends a successful-delivery indication to the MeNB over X2 for the following purposes:

(1) Used as flow control; from the successful-delivery indication sent by the SeNB, the MeNB implicitly knows the remaining packets in the SeNB, and then it determines whether and how many more packets could be sent to the SeNB. 
(2) Used to control the MeNB buffer so that the acknowledged PDCP PDUs can be removed. 
(3) Used to slide transmitting window; according to [2], the MeNB does not bring more than half of the sequence number space in flight in order to avoid HFN de-sync (as in legacy behaviour). So a successful-delivery indication from the SeNB can help the MeNB to slide the transmitting window.
In order to achieve the above purposes, the MeNB should be able to control the frequency of the delivery of the indication according to the transmission situation, which is only partly known by the SeNB. For example, the MeNB can set the SeNB to send an indication to the MeNB more frequently when the available transmission resources in the MeNB and/or the SeNB are enough or the transmission buffer in the MeNB is small (the SeNB does not know the buffer information of the MeNB).
This can be achieved by setting an indication timer in the SeNB. The value of the timer can be set in the SCG addition/modification procedure by the MeNB. The timer starts when a successful-delivery indication has been sent out or when the SeNB receives a packet from the MeNB for the first time. The SeNB sends an indication to the MeNB when the timer expires.
Proposal 1: Introduce a timer which triggers the SeNB to send an indication to the MeNB when the timer expires; the value of the timer can be set or changed in SCG addition/modification procedure by the MeNB.
Question 2: Should the “lost” packets be retransmitted?
In the above agreement, it says “Packet loss over X2 needs to be considered”. It does not mean that the MeNB has to retransmit the “lost” packets, but it means that the SeNB should send the “lost” packets’ sequence number to the MeNB to help the MeNB to slide the transmitting window. Because the SeNB can also discard some packets (for example, because the packets exceed the transmission time) but the MeNB cannot distinguish between the packets lost over X2 and the packets discarded by the SeNB from the indication received from the SeNB, retransmission of the discarded packets is of no use but just wastes the transmission resources. Furthermore, the probability of X2 loss is very rare (expected to be less than 10-6 [3]). For TCP, if sustainable data rates exceeding 100 Mbit/s with packet-loss probability less than 10-5 are required, the packet-loss rate of X2 can meet the QoS requirement of TCP protocol without retransmitting the lost packets.
Proposal 2: The packets “lost” over X2 will not be retransmitted by the MeNB.
Question 3：Does the SeNB need to reorder the PDCP PDUs based on the X2 specific sequence number?
There is a case that packets are delivered on X2 in the wrong order [4]. Then, the packet received from the SeNB RLC layer is also in the wrong order. To make sure the PDCP Rx delivers the received PDCP SDUs in-sequence to the upper layer it has to reorder the received PDCP PDUs based on a reordering timer. That is, the received out-of-order PDCP PDU(s) will not be delivered to the upper layer until all missing PDCP PDUs arrive or until the reordering timer expires, even though the missing PDCP SDU(s) may have been lost on X2 or discarded by the SeNB and would never be retransmitted by the MeNB. In addition, according to [5], the value of the reordering timer is hard to determine and it is very large. So, based on this method, the reordering delay is large. 
Alternatively, when dual connectivity is not configured, in-sequence delivery can be ensured by the RLC, that is, the eNB RLC Tx transmits the PDCP PDUs in-sequence to the UE RLC Rx, which in turn delivers the PDCP PDUs to the upper layer in the order the eNB RLC Tx sends them out. To make use of the RLC in-sequence delivery feature in dual connectivity, the packets sent out by the SeNB RLC Tx should be reordered in the SeNB before transmission. The advantage is that, based on proposal 2, if a PDCP PDU with SN=k has been received from the MeNB-RLC (i.e., the RLC in the UE which corresponds to the RLC in the MeNB), the PDCP Rx can determine that the missing PDCP PDUs with SN<k will not arrive from the MeNB-RLC. If the SeNB-RLC (i.e., the RLC in the UE which corresponds to the RLC in the SeNB) can also ensure in-sequence delivery, i.e., the received out-of-order PDCP PDUs will be reordered by the SeNB before they are sent out, then the UE PDCP Rx can quickly determine whether a missing PDCP PDU has been lost. If the SN of the missing PDCP PDU is smaller than the SNs of the PDCP PDUs received from both RLCs, the PDCP Rx knows that the missing PDCP PDUs have been lost and will never arrive. Thus, it can deliver the out-of-order PDCP SDUs to the upper layer without needing to start the reordering timer and wait for its expiration, greatly reducing the reordering delay of PDCP PDUs.

Therefore, in order to take full advantage of the function of in-sequence delivery of RLC layer and reduce the reordering time in PDCP Rx, the SeNB should reorder the received PDCP PDUs based on the X2 specific sequence number before transmitting them to the UE.
Proposal 3: The SeNB reorders the received PDCP PDUs based on the X2 specific sequence number.
3. Conclusions
In this contribution, we discussed the remaining issues on X2. The following proposals are concluded accordingly:
Proposal 1: Introduce a timer which triggers the SeNB to send an indication to the MeNB when the timer expires; the value of the timer can be set or changed in SCG addition/modification procedure by the MeNB.
Proposal 2: The packets “lost” over X2 will not be retransmitted by the MeNB.
Proposal 3: The SeNB reorders the received PDCP PDUs based on the X2 specific sequence number.
References
[1] R2-142751 Replay LS on reporting of successfully delivered PDCP PDUs; RAN3.
[2] R2-141850 draft LS on the need to inform the MeNB of the delivered PDCP SN; to RAN3; Contact: Ericsson.
[3] R2-140053 PDCP Reordering operation for the Alternative 3C; Huawei, HiSilicon.

[4] TR36.842 v1.0
[5] R2-140243 PDCP reordering in dual-connectivity; Samsung.

