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1 Introduction
For UP Alternative 3C, user plane data i.e. PDCP PDUs are transmitted on X2. In this paper, the functionality to support data transmission for 3C is discussed.
2  Discussion

The dual connectivity UP Alternative 3C is defined as the combination of S1-U that terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers, which is depicted in the Figure 1.
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Figure 1: Alternative 3C
2.1 GTP-U impact analysis
During RAN3#82, it was agreed that X2 AP shall be reused. GTP-U over UDP/IP has already used over X2 AP , in which the path protocol (UDP/IP) defines the IP address and port number of the destination, whereas the GTP-U TEIDs define the tunnel between these two eNBs reflecting certain QoS requirements. 
TS 36.424
	5.1
General
.......

The GTP-U (TS 29.281 [2]) protocol over UDP over IP shall be supported as the transport for data streams on the X2 interface. The data link layer is as specified in clause 4.

There may be zero or one UL data stream and zero or one DL data stream per E-RAB at the X2 interface.

-
The DL data stream is used for DL data forwarding from the source eNB to the target eNB.
-
The UL data stream is used for UL data forwarding from the source eNB to the target eNB.
Each data stream is carried on a dedicated transport bearer. 


	5.3
UDP/IP

The path protocol used shall be UDP (IETF RFC 768 [3]).

The UDP port number for GTP-U shall be as defined in TS 29.281 [2].

The eNBs over the X2 interface shall support fragmentation and assembly of GTP packets at the IP layer.

The eNB shall support IPv6 (IETF RFC 2460 [5]) and/or IPv4 (IETF RFC 791 [6]).

There may be one or several IP addresses in the both eNBs. The packet processing function in the source eNB shall send downstream packets of a given E-RAB to the target eNB IP address (received in X2AP) associated to the DL transport bearer of that particular E-RAB. The packet processing function in the source eNB shall send upstream packets of a given E-RAB to the target eNB IP address (received in X2AP) associated to the UL transport bearer of that particular E-RAB.


However, from above description, the current GTP-U in X2 AP is only applied for data forwarding during X2 handover. In order to reuse GTP-U, the specification TS 36.424 is required to update to support data transmission for MSA UP alternative 3C.

Proposal 1: TS 36.424 is required to include data transmission over X2 for 3C.
2.2 X2 data loss detection and recovery
Data loss over the X2 interface may occur because of the unreliable transfer over X2, such as congestion along the path due to ineffective flow control, or SeNB buffer overflow if MeNB is too aggressive in offloading data to SeNB. The probability of X2 loss is very rare though, which is expected to be less than 10-6.
The lost data should be retransmitted by radio network to avoid affecting the TCP congestion control.  It is preferred to leave the task of detection and recovery of X2 loss to the network and not get UE involved, so that the detection and recovery of X2 losses can be done more precisely and promptly without adding additional delay to data transfer. The detailed mechanism is FFS: the solution may be implementation specific or may be standardized. For example, the SN field in the GTP-U header may be used, so that SeNB may identify a packet loss by spotting a gap in GTP-U SNs. The reporting of a missing packet over Xn may be done periodically, e.g., upon MeNB’s configuration, or it may be triggered upon timer expiry. Upon identifying an X2 loss, MeNB may decide to retransmit the data to SeNB over X2 again, or MeNB may also decide to transmit the data to UE over the air directly. 
Proposal 2: The detection and recovery of X2 loss is handled by the network itself
2.3 Flow Control
As depicted in the section 8.1.1.11 of TR 36.842 [1], it is essential to have flow control between MeNB and SeNB of alternative 3C for the performance gain. There are several options for flow control:
Alternative 1: Resource Status Reporting
SeNB providing the available capacity could be one method. The MeNB could figure out the capacity of packet transmission volume in the SeNB for a given MSA UE for the future period from the resource status reporting message. Currently, the Resource Status Reporting procedure is used to report the load measurement results. The main problems of reusing this procedure for flow control are:
· The measurement results are cell specific and there are non-DC UEs as well since the SeNB can work standalone. Then the measurement results can not reflect the available resource used of DC precisely. 
· The minimal reporting interval is 1s which seems too long for alternative 3C. The flow control is assumed as more frequent and the periodicity is assumed as 5ms in the simulation [1].
Alternative 2: HS-DSCH CAPACITY ALLOCATION Control Frame
In UMTS, HS-DSCH CAPACITY ALLOCATION Control Frame is used by the Node B to control the user data flow. The total amount of granted capacity is provided to CRNC by this procedure. The procedure can be requested by RNC or sent at any time decided by Node B.

A similar procedure can be designed for 3C. The SeNB reports the capacity granted for DC per logic channel. However, X2 does not support such a “control frame” yet. 
Alternative 3: SN Status Reporting
Another possible solution is that SeNB feedbacks the SN status (i.e. PDCP) to MeNB. The trigger can be event based or periodical.
Proposal 3: It is proposed to select one of the alternatives for flow control.
3 Conclusion
In this paper, the data transmission scheme for dual connectivity UP 3C is discussed and the following proposals are made:
Proposal 1: TS 36.424 is required to include data transmission over X2 for 3C.

Proposal 2: The detection and recovery of X2 loss is handled by the network itself

Proposal 3: It is proposed to select one of the alternatives for flow control.
The CR for the proposal 1 is given in R3-140121 [2].
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