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1
Introduction

RAN3 made the following agreements on data forwarding and flow control at the RAN3#83bis meeting [1].

Data Forwarding

Re-use GTP-U for data forwarding for SCG bearer option and data transmission for split bearer option.
Flow Control

-
Flow control will be only specified for DL transmission of PDCP PDUs towards the SeNB.
-
Flow control requires a feedback from SeNB on the transmission status of PDCP PDUs transmitted to the UE via the SeNB. 

-
The feedback on PDCP PDUs successfully or unsuccessfully transmitted to the UE is PDCP SN based (the PDCP SN will be available at the SeNB e.g. through the PDCP header provided in the user plane packet or within the respective GTP-U extension header etc. is to be further discussed).

-
Flow control requires the SeNB to send the information of the buffer size acceptable by the SeNB. 

-
A constant feedback on the transmission status and the constant information of acceptable buffer size is necessary.

-
Working Assumption: The feedback on the transmission status and the information of acceptable buffer size is provided on U-Plane.

However, there are still some open issues below:
-
Shall the constancy of the feedback on the transmission status and the information of acceptable buffer size be a matter of implementation or shall it be specified?
-
How to provide feedback of successfully delivered PDCP PDUs? (explicit per PDU / implicit indicating lower window / …)?

-
How to provide the information of the acceptable buffer size?

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

-
Shall the information of acceptable buffer size be performed on bearer-level or UE-level?

-
Shall the feedback of transmission status and the information of the acceptable buffer size be provided within a newly defined GTP-U extension header or within a frame protocol newly defined on top of GTP-U?
This contribution proposes to resolve the above issues of flow control. A TP to baseline CR [2] is also provided for approval.
2
Discussion
2.1
Content and usage of available SeNB buffer size
As possible alternatives, the SeNB indicates available SeNB buffer size either per UE or per bearer. Since the SeNB has no knowledge about the MeNB’s buffer status, it is counterproductive if the SeNB indicates buffer size for granularities below UE level, e.g. the SeNB may indicate available SeNB buffer size for bearer-X but the MeNB may currently have no data present for bearer-X while plenty of data would be available for bearer-Y. This example makes clear that sending further information from MeNB to SeNB (e.g. MeNB buffer state) would be beneficial to minimize such scenarios. However, we think that the flow control mechanism can be simpler and unnecessary duplications of RRM functionality can be avoided by the SeNB to just report how many bytes it can handle for a particular UE, whereupon the RRM/QoS decision is made by MeNB with regards to from which bearer to transmit data. It should also be considered that UE AMBR is enforced per UE level.

Proposal 1: The available SeNB buffer size should be informed based on UE level. It is the MeNB’s decision on which bearer data packets are sent to.
2.2
Content and usage of PDCP SN
Using the indication of PDCP PDUs unsuccessfully delivered via SeNB together with “deliver timer” provides less accurate information compared to the indication of PDCP PDUs successfully delivered via SeNB because it does not account for the delays on the X2. In case of the indication of PDCP PDUs successfully delivered via SeNB, MeNB may directly retransmit the PDCP PDUs to the UE when the retransmission timer for PDCP PDUs is expired at the MeNB. Therefore, indications of PDCP PDUs successfully delivered via SeNB should be periodically provided by SeNB to MeNB.

Proposal 2: Deliver timer at SeNB does not need to be supported.
It is also proposed to send the PDCP SN up to which, among the PDCP PDUs received by SeNB from MeNB, all PDCP PDUs have been successfully delivered to the UE. This indication needs to be informed based on bearer level. In case of packet loss or out of order delivery over X2, PDCP reordering timer can resolve the problem and no further optimization is needed since it is rare. The detailed discussion can be found in [3].
Proposal 3: PDCP SN is used for the feedback on PDCP PDUs successfully transmitted to the UE. All PDCP PDUs (among those the MeNB has forwarded to the SeNB) with a SN equal to or lower than the PDCP SN indicated by the SeNB are considered by the MeNB as successfully received by the UE. PDCP SN should be informed based on bearer level.
2.3
Feedback mechanism
Periodical feedback should be used for MeNB to recognise the indication. In theory the SeNB knows best when to send available SeNB buffer size according to the status of the air interface and the buffer status at SeNB side. Therefore in principle there might not be the need for MeNB to indicate the periodicity. However, practical deployments of dual connectivity with split bearer option might also benefit from the possibility for the MeNB to configure a certain flow control periodicity. It should be noted that the possible configuration of a given flow control periodicity might not prevent the use of SeNB triggered available SeNB buffer size indication. Therefore, MeNB may request the preferable frequency by SeNB addition procedure and MeNB initiated SeNB modification procedure.
Proposal 4: Periodical feedback should be used for available SeNB buffer size. MeNB may request the frequency by SeNB addition procedure and MeNB initiated SeNB modification procedure.
PDCP SN should be indicated by SeNB periodically as well. However, this indication is in general used for different purpose and therefore its periodicity should be different from the one of available SeNB buffer size. Similarly, MeNB may request the preferable frequency by SeNB addition procedure and MeNB initiated SeNB modification procedure. 

Proposal 5: Periodical feedback should be used for PDCP SN. The periodicity should be separately configured from that of available SeNB buffer size. MeNB may request the frequency by SeNB addition procedure and MeNB initiated SeNB modification procedure.
2.4
Protocol selection
From the agreement for data forwarding, it is clear GTP-U is used for both DL and UL data transmission for split bearers. Therefore, according to the agreements so far, any new protocol should not be introduced for flow control. As agreed as working assumption “The feedback on the transmission status and the information of acceptable buffer size is provided on U-Plane.”, X2AP should not be used either for constant feedback. The comparison between GTP-U and X2AP has been discussed in [4]. In summary, the options to deliver the necessary information are IP protocol or GTP-U protocol with some enhancement. Since IP protocol enhancement requires IETF RFC change, GTP-U should be selected to deliver the necessary information for flow control.
Proposal 6: Any new protocol layer should not be introduced for flow control. GTP-U should be selected as a constant feedback mechanism for flow control. 
Since PDCP SN has been specified in GTP-U extension header already, SeNB should include the indication in that field. 

Proposal 7: The PDCP SN is included in the existing GTP-U extension header by SeNB. 

A new GTP-U extension header should be introduced to indicate the available SeNB buffer size. The field of available SeNB buffer size should be 4 byte length. The following format of GTP-U extension header can be assumed for available SeNB buffer size.

	Octet 
	Content

	1
	Length n=2 of the Extension Header (n * 4 Bytes) 

	2
	Used for Available SeNB buffer size

	3
	Used for Available SeNB buffer size

	4
	Used for Available SeNB buffer size

	5
	Used for Available SeNB buffer size

	6
	Reserved

	7
	Reserved

	8
	Next Extension Header


Proposal 8: It is proposed to introduce a new GTP-U extension header for available SeNB buffer size as 4 byte length and send corresponding LS [5] to CT4.

For the clarification, we additionally propose the following mechanism.

Proposal 9: Available SeNB buffer size should be placed in at least one GTP-U tunnel when more split bearers are available.
Proposal 10: It is proposed to agree on the corresponding Reply LS to RAN2 [6] and TP provided in section 3.
3
Text Proposal
Beginning of Text Proposal
20
X2 Interface

20.1
User Plane
The X2 user plane interface (X2-U) is defined between eNBs. The X2-U interface provides non guaranteed delivery of user plane PDUs. The user plane protocol stack on the X2 interface is shown in Figure 20.1-1. The transport network layer is built on IP transport and GTP-U is used on top of UDP/IP to carry the user plane PDUs.

The X2-UP interface protocol stack is identical to the S1-UP protocol stack.
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Figure 20.1-1: X2 Interface User Plane (eNB-eNB)

Editor’s note: It is expected that support of dual connectivity requires additional text and modifications for the transport of PDCP-PDUs and flow control.
In dual connectivity operation, in order to support split bearers, flow control is used. The flow control is realized by means of periodically indicating PDCP SN and available SeNB buffer size from SeNB to MeNB by the GTP-U extension headers. All PDCP PDUs (among those the MeNB has forwarded to the SeNB) with a SN equal to or lower than the PDCP SN indicated by the SeNB are considered by the MeNB as successfully received by the UE. The available SeNB buffer size is provided based on UE level while PDCP SN is done based on bearer level. The MeNB may request the preferable frequency of the indication of available SeNB buffer size and/or PDCP SN to the SeNB during SeNB Addition or SeNB Modification procedure.
End of Text Proposal
4
Conclusions
Proposal 1: The available SeNB buffer size should be informed based on UE level. It is the MeNB’s decision on which bearer data packets are sent to.
Proposal 2: Deliver timer at SeNB does not need to be supported.
Proposal 3: PDCP SN is used for the feedback on PDCP PDUs successfully transmitted to the UE. All PDCP PDUs (among those the MeNB has forwarded to the SeNB) with a SN equal to or lower than the PDCP SN indicated by the SeNB are considered by the MeNB as successfully received by the UE. PDCP SN should be informed based on bearer level.
Proposal 4: Periodical feedback should be used for available SeNB buffer size. MeNB may request the frequency by SeNB addition procedure and MeNB initiated SeNB modification procedure.
Proposal 5: Periodical feedback should be used for PDCP SN. The periodicity should be separately configured from that of available SeNB buffer size. MeNB may request the frequency by SeNB addition procedure and MeNB initiated SeNB modification procedure.
Proposal 6: Any new protocol layer should not be introduced for flow control. GTP-U should be selected as a constant feedback mechanism for flow control. 
Proposal 7: The PDCP SN is included in the existing GTP-U extension header by SeNB. 

Proposal 8: It is proposed to introduce a new GTP-U extension header for available SeNB buffer size as 4 byte length and send corresponding LS [5] to CT4.

Proposal 9: Available SeNB buffer size should be placed in at least one GTP-U tunnel when more split bearers are available.

Proposal 10: It is proposed to agree on the corresponding Reply LS to RAN2 [6] and TP provided in section 3.
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