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1 Introduction
In the RAN2 #85bis meeting [1], the following agreement with FFS was reached to support the PDCP transmission window update and buffer management at MeNB:
	Agreements

1
The SeNB provides to the MeNB PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in SeNB) among the ones that it received from the MeNB. 




-
FFS which PDCP PDU SN(s) exactly to report based on what trigger (all delivered or only a subset)
In this paper, one open issue is further investigated:

· Which PDCP PDU SNs are to be included in the report of successfully delivered PDCP PDUs assigned to SeNB? To be more specific, what is the preferred format of ACKs to be included in the indication by SeNB to MeNB, i.e., the cumulative ACK or the selective ACK?
2 Discussion
Assume MeNB distributes PDCP PDUs 1, 3, 5, 7 to SeNB for transmission, and SeNB transmits PDUs 1, 5, 7 successfully. When it is the time for SeNB to provide indication to MeNB, the open question is: shall SeNB provide a report with only the cumulative ACK (e.g., ACK = 1) or a report with the selective ACKs (e.g., ACK = 1, 5, 7)? In general, the cumulative ACK leads to indication with smaller message size, and it is sufficient to support the correct PDCP transmission window updates at MeNB in normal scenarios. On the other hand, the selective ACK may enable more timely PDCP transmission buffer management at MeNB at the cost of larger message size. Besides the above pros and cons, the cumulative ACK and the selective ACK are impacted differently by X2 loss and X2 out-of-order delivery, which are discussed in more details below. It is worth pointing out that although the occurrence of X2 loss and X2 out-of-order delivery is rare, it is still important to make sure the system functions properly when error scenarios do happen, so that operations at both UE and eNBs will not be stalled or broken.
Consider the following two scenarios for the impact of X2 loss and X2 out-of-order delivery, respectively:
Scenario 1 (X2 loss): MeNB distributes PDCP PDUs 1, 3, 5 and 7 to SeNB for transmission. PDU 3 is lost over the X2 interface, thus only PDCP PDUs 1, 5 and 7 arrive at SeNB in order.

If SeNB uses the cumulative ACK format to report successfully delivered PDCP PDUs, SeNB sends ACK = 7 after the successful transmission of PDUs 1, 5 and 7 evne though PDU 3 is not transmitted to UE by SeNB. This is because PDU 3 never arrives at SeNB at all. MeNB’s transmission window will simply move forward and skip the X2 loss PDU 3.

If SeNB uses the selective ACK format, MeNB’s transmission window will get stuck at VT(A)=3, since SeNB will never acknowledge PDCP PDU 3.

Observation 1: If X2 loss occurs, the cumulative ACK format is preferred to avoid transmission window stalling at MeNB PDCP entity.
Scenario 2 (out-of-order delivery over X2): MeNB sends PDCP PDUs 1, 3, 5 and 7 to SeNB in order . However, PDUs arrive at SeNB out of order, and the actual arrival order is 1, 7, 5, 3.

With the cumulative ACK, SeNB might send ACK = 7 to MeNB after the successful transmission of PDUs 1 and 7, if PDUs 5 and 3 haven’t arrived at SeNB yet. This wrong indication may result in incorrect updates of MeNB’s transmission window to VT(A) = 8 or above and premature cleanup of MeNB’s PDCP transmission buffer which removes PDUs 3 and 5. Consequently, it opens the door to a couple of error cases later:

Error case 1: If the SeNB release/switch occurs before the successful delivery of PDUs 3 & 5 by SeNB, these two PDUs will be lost permanently since MeNB assumes that they have been delivered successfully by SeNB already and will not retransmit them by itself or the new SeNB.

Error case 2: After the successful deliver of PDUs 5 and 3, SeNB sends ACK=3. However, if there is no correct COUNT/HFN value associated with PDU 3 in the cumulative ACK report and if MeNB’s transmission window has moved so fast, which is not impossible given that MeNB’s PDCP transmission window has moved beyond PDU 7 by mistake already, that the new PDU 3 associated with HFN+1 is within the MeNB’s transmission window already, MeNB may mistakenly interpret the ACK for the old PDU 3 (i.e., (HFN, 3)) as the ACK for the new PDU 3 (i.e., (HFN+1, 3)). Consequently, the wrong update of MeNB’s PDCP transmission window and the premature cleanup of MeNB’s PDCP transmission buffer will occur over a even larger range, and results in more damages. One possible way to avoid the disater is to include the COUNT information when SeNB sends the indication of succesful delivery to MeNB, and when MeNB distributes PDCP PDUs to SeNB. However, the feasibility of both enhancements needs to be studied by RAN3, and may require changes to X2 protocols.

Observation 2: If out-of-order delivery over X2 occurs, the cumulative ACK format requires the inclusion of full COUNT values in both PDCP PDU distribution and ACK report, in order to avoid the incorrect updates of MeNB’s PDCP transmission window and PDCP transmission buffer. The feasibility of such enhancement needs to be studied by RAN3.
With the selective ACK, on the other hand, SeNB sends ACK = 1, 7 after the successful transmission of PDUs 1 and 7, if PDUs 5 and 3 haven’t arrived at SeNB yet. Without the ACKs of 3 and 5, MeNB’s transmission window will not be updated by mistake, and the premature cleanup of MeNB’s PDCP transmission buffer can be avoided.
Observation 3: If out-of-order delivery over X2 occurs, the selective ACK format is preferred to avoid the incorrect updates of MeNB’s PDCP transmission window and PDCP transmission buffer.
It can be seen from the above analysis that neither cumulative ACK nor selective ACK work correctly for both X2 loss and X2 out-of-order delivery scenarios. Therefore, RAN2 needs to weigh pros and cons to make a decision.
Proposal 1: RAN2 is kindly requested to compare pros and cons of different ACK formats for the indication of successfully delivered PDCP PDUs by SeNB to MeNB, taking into account potential impacts by X2 loss and X2 out of order delivery.
To avoid error cases listed above, the necessary modifications to ensure the correct interpretation of cumulative ACK under X2 out-of-order delivery scenario include at least providing COUNT value in each PDCP PDUs that are assigned to the SeNB, as well as in the cumulative ACK report itself. The overhead is not trivial, and the enahncements require further investigation and confirmation by RAN3.
On the contrary, the shortcomings of selective ACK can be overcomed easily if a DeliveryTimer is configured to SeNB and SeNB sends a delivery overtime indication to MeNB upon the expiry of DeliveryTimer. Follow the same example in scenario 1, if MeNB’s transmission window is stuck at VT(A) = 3 long enough without receiving any delivery overtime indication for PDU 3, MeNB can safely move VT(A) beyond PDU 3 and skip the X2 loss.
It is worth pointing out that the advantages of introducing a DeliveryTimer for DL split bearer’s PDCP PDUs handled by SeNB are multiple-folds [2]:
1) Ease of PDCP reordering timer configuration at UE. By imposing a limit on the largest transmission delay experienced by a PDCP PDU at SeNB, UE’s PDCP reordering timer value can be configured to a relatively smaller value which will not become a burden to UE PDCP reordering buffer provisioning, while avoiding the unnecessary occurrence of premature expiry of UE’s PDCP reordering timer.
2) Potential opportunity to reassign PDCP PDUs to other eNBs for transmission and deliver them in time to avoid stalling UE’s PDCP reordering window [3]. Note that the reassignment of SeNB’s PDCP PDU is a proactive approach to avoid the reordering delay at UE, instead of the passive packet drop at UE upon the expiration of UE’s PDCP reordering timer. In other words, the benefits that may be achieved by SeNB’s delivery timer operation cannot be achieved or duplicated by UE’s PDCP reordering timer operation.
3) Efficient flow control to achieve the higher performance gain through dual connectivity [4].
Considering the fact that out-of-order delivery over X2 is more likely to occur than X2 loss, and all advantages introduced by configuring a DeliveryTimer at SeNB, it is preferred to use the selective ACK format and DeliveryTimer in combination to provide indications of successfully delivered PDCP PDUs by SeNB to MeNB.
Proposal 2: The joint usage of the selective ACK format and the delivery overtime indication can ensure the correct update of MeNB’s PDCP transmission window and PDCP transmission buffer, even if X2 loss and/or out-of-order delivery occur.
3 Conclusion
In this paper, the open issue regarding the SeNB’s indication format of the successful delivery of a DL Split Bearer’s PDCP PDUs is discussed, and the following observations and proposals are made:
Observation 1: If X2 loss occurs, the cumulative ACK format is preferred to avoid transmission window stalling at MeNB PDCP entity.
Observation 2: If out-of-order delivery over X2 occurs, the cumulative ACK format requires the inclusion of full COUNT values in both PDCP PDU distribution and ACK report, in order to avoid the incorrect updates of MeNB’s PDCP transmission window and PDCP transmission buffer. The feasibility of such enhancement needs to be studied by RAN3.
Observation 3: If out-of-order delivery over X2 occurs, the selective ACK format is preferred to avoid the incorrect updates of MeNB’s PDCP transmission window and PDCP transmission buffer.
Proposal 1: RAN2 is kindly requested to compare pros and cons of different ACK formats for the indication of successfully delivered PDCP PDUs by SeNB to MeNB, taking into account potential impacts by X2 loss and X2 out of order delivery.
Proposal 2: The joint usage of the selective ACK format and the delivery overtime indication can ensure the correct update of MeNB’s PDCP transmission window and PDCP transmission buffer, even if X2 loss and/or out-of-order delivery occur.
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