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1   Introduction
In RAN3#83bis, some agreements were achieved. However, there are still some open issues. This paper tries to discuss the following open issues:

·  Does the SeNB need to be configured with a “deliver timer” in accordance with the re-ordering timer at the UE?

·  How to provide feedback of successfully delivered PDCP PDUs to MeNB? (cumulative ACK vs selective ACK);
· Protocols for delivery of flow control information.
2   PDCP PDU SN Delivery
2.1   Indication of SeNB’ PDCP PDU Delivery Overtime
It was agreed in RAN2 #85bis that the report/indication of successful delivery of split bearer’s PDCP PDUs needs to be provided by SeNB, in order to support the correct PDCP transmission window updates and efficient PDCP transmission buffer management at MeNB. It is still open to discussion though whether the report/indication of failed delivery of split bearer’s PDCP PDUs needs to be provided by SeNB from flow control point of view [1].
In order to reap the most performance gain from the split bearer architecture, an efficient flow control mechanism for a DL split bearer between MeNB and SeNB shall target at achieving similar total delivery time of a packet via SeNB as the total delivery time via MeNB. That is, the performance of a split bearer is not optimal if there is a large difference between the packet total delivery time over MeNB and that over SeNB. To be more specific, 

· If the delivery time is larger on SeNB, which means too many packets are offloaded to SeNB and the scheduling delay on SeNB is too long. Thus the flow control algorithm may direct more new packets to MeNB instead;

· If the delivery time is smaller on SeNB, which means it is beneficial for UE throughput if more packets are delivered by SeNB. Thus the flow control algorithm may be more aggressive in assigning PDCP PDUs to SeNB. 

Therefore, controlling SeNB’s delivery time of PDCP PDUs is also critical to an efficient flow control mechanism. The bearer specific DeliveryTimer operation may be used to collect statistics on delivery time of offloaded PDCP PDUs. The feedback may be done periodically, e.g., a summary report of SeNB delivery time statistics, or upon triggering events, e.g., a delivery failure indication of PDCP SDUs SN from SeNB to MeNB upon the expiry of the DeliveryTimer.
Besides flow control, the DeliveryTimer is beneficial for the PDCP reordering timer configured to UE. By imposing a limit on the largest transmission delay experienced by a PDCP PDU, 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 PDCP reordering timer.
Regarding the reassignment of SeNB’s PDCP PDUs, SeNB may send a delivery overtime indication to MeNB upon the expiry of DeliveryTimer, so that MeNB may help the transmission of the corresponding PDCP PDU in case of SeNB congestion.
Considering the ease of UE’s PDCP reordering timer configuration, the potential opportunity to reassign SeNB’s PDCP PDUs, and the efficient flow control mechanism, we propose to introduce the bearer-specific DeliveryTimer at SeNB and to request SeNB to provide indication to MeNB regarding those delivery overtimed PDCP PDUs.
Proposal 1: For a DL split bearer, a DeliveryTimer may be configured to SeNB, and SeNB may send delivery overtime PDCP PDUs SN to MeNB upon the expiry of DeliveryTimer.

2.2   Indication of SeNB’ PDCP PDU Delivery Success

One open issue is the format of PDCP PDUs SN to be included in the indication of SeNB’s PDCP PDUs that are delivered successfully: 
· a cumulative ACK (e.g., indicating only the lower edge window), or

· a selective ACK (e.g., indicating only the lower edge window and explicitly listing all PDUs that are successfully delivered beyond the lower edge). 

To be more specific, 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, shall SeNB provide a report with only the cumulative ACK (e.g., ACK = 1) or the selective ACK (e.g., ACK = 1, 5, 7)? 
As agreed before, the out-of-order delivery over X2 is much possible since the GTP-U re-ordering is not mandatory.

Example: PDUs 1, 3, 5, 7 arrive at SeNB out of order, and arrive in order 1, 7, 5, 3.

With the cumulative ACK, SeNB sends ACK = 7 after the successful transmission of PDU 7 and before the arrivals of PDUs 5 and 3, which may result in incorrect updates of MeNB’s transmission window to VT(S) = 8 or above and premature cleanup of MeNB’s PDCP transmission buffer of PDUs 3 and 5. 
With the selective ACK, SeNB sends ACK = 1, 7 after the successful transmission of PDU 7 and before the arrivals of PDUs 5 and 3. 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 will not occur.

Proposal 2: The selective ACK (explicit indication per PDU) is preferred taking into account the possibility of out-of-order delivery over X2.
3   Protocol for delivery of flow control information

In RAN3#83bis, it was agreed that the feedback of flow control information on user plane protocol:

· Frame protocol based solution on top of GTP-U based stack, which need a new TS under TSG RAN control.

· GTP-U extension header based solution, i.e. the flow control information is carried in the GTP-U extension header. CT4 needs to be involved in the discussion. 

In this section, the feasibility of both alternatives is discussed 

3.1   Frame protocol based solution 
The Frame Protocol is the user plane protocol used in UTRAN Iub and Iur interfaces for the Dedicated Transport Channel (DCH) [1] and the Common Transport Channel (e.g. HS-DSCH) [2]. There are two types of FP frames which are indicated by the Frame Type field:
· Data frame.
· Control frame.

In UTRAN, flow control related data frames and control frames are standardized. HS-DSCH Iub data frames contain the user data, user buffer size in SRNC and congestion detection information, i.e. Frame Sequence Number and Delay Reference Time. The NodeB provides flow control related information in HS-DSCH CAPACITY ALLOCATION control frames to SRNC, including allocation size (HS-DSCH Credits, Maximum MAC-d PDU Length), time interval and repetition period.
In Dual Connectivity split bearer option, the data PDCP PDUs are transmitted on GTP-U over UDP/IP per E-RAB. The main issue to use data frame to transmit PDCP PDU is the overhead due to the frame header, which includes CRC and etc.
Observation 1: Data Frame is not applicable to provide the flow control information.
In UTRAN, the Frame Protocol are over UDP and the transport bearer is identified by the UDP port number and the IP address (source UDP port number, destination UDP port number, source IP address, destination IP address). However, the X2-U interface is on GTP over UDP/IP. Since it has already agreed that GTP-U shall be used for dual connectivity data transmission, it is natural to have frame protocol on top of GTP-U.
Observation 2: Control Frame shall be on top of GTP-U for Dual Connectivity.
In UTRAN, the SRNC and NodeB distinguish whether control frame or data frame based on the Frame Type field, which means that the SRNC and NodeB shall always check the frame header for each packet. Since the data frame is not applicable for DC, it should be less efficient for MeNB to check the frame header for only control frame. A possible solution is to setup a separate GTP tunnel for control frames transmission. 
Observation 3: A separate GTP tunnel shall be setup for control frames transmission.
Proposal 3: The observations should be taken into account for the frame protocol based solution.

3.2   GTP-U extension header based solution
The GTP-U header is a variable length header to carry some necessary information (e.g. TEID, message type). Following the GTP-U header, there may be one or more GTP-U Extension Headers which are identified by the “Next Extension Header Type” field.  Currently the extension header “PDCP PDU Number” has already been used for data forwarding. It can be reused for feedback of PDCP SN for flow control as well. For the other flow control information, a new extension header is possible to be defined.
Since there may be user data sending from the SeNB to the MeNB, it makes sense to use G-PDU for feedback of PDCP PDU SN. G-PDU is used for transmission of user payload which includes a GTP-U header, one or more extension header and a T-PDU. There may be no T-PDU for transmission in case that:
· no UL data transmission from the SeNB to the MeNB;

· the acceptable buffer size is based on UE granularity which cannot be provided with user data.

However, there is no issue to transmit G-PDU without T-PDU according to CT4’s specification.

Whether the separate GTP tunnel to support the Frame Protocol based solution may also need to check with CT4 and two additional specifications are needed to define for control frame only. Therefore the GTP-U extension header based solution seems simpler. 

Proposal 4: The GTP-U extension header applies as the solution for DC flow control.
4   Summary
In this paper, some open issues are discussed and the proposals are:
Proposal 1: For a DL split bearer, a DeliveryTimer may be configured to SeNB, and SeNB may send delivery overtime PDCP PDUs SN to MeNB upon the expiry of DeliveryTimer.

Proposal 2: The selective ACK (explicit indication per PDU) is preferred taking into account the possibility of out-of-order delivery over X2.

Observation 1: Data Frame is not applicable to provide the flow control information.
Observation 2: Control Frame shall be on top of GTP-U for Dual Connectivity.

Observation 3: A separate GTP tunnel shall be setup for control frames transmission.
Proposal 3: The observations should be taken into account for the frame protocol based solution.

Proposal 4: The GTP-U extension header applies as the solution for DC flow control.
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