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1
Introduction
The User Plane (UP) for Dual Connectivity (DC) has been defined in Rel.12 in the TS 36.425. It is based on newly defined RAN Container, which is to be transported in the GTP extension header. The RAN Container is effectively an additional header that provides information relevant for the DC and related to the user data that may be transported in the GTP PDU payload. 

In this paper, we analyse the scenarios related to the UL data transfer. These scenarios are discussed for DC, but are equally relevant for the UL data transfer in LWA/LWIP. Therefore, the solutions are applicable and proposed for both, DC and LWA/LWIP.
2
Discussion
2.1 The problem

In DC, the RAN container must be used with each data PDU (according to the TS 36.424) and may have 3 forms:
1)

DL USER DATA

2-a)
DL DATA DELIVERY STATUS

2-b)
DL DATA DELIVERY STATUS EXTENDED

The PDU (1) is used with the user data sent in DL, while PDUs (2) are used to acknowledge the DL data. There is no specific PDU for UL data, but it is specified that UL data may be sent in the payload of the report PDUs. This raises a question: what is there was no DL data sent yet, i.e. there is nothing to acknowledge yet? Formally, in this scenario, no UL data may be sent, either.

A related, though less critical problem can be discussed for the case when some data has been sent, but there is much more data to send in UL than in DL: there, even if the delivery reports have to be sent more often than DL data PDUs, the same report may be provided a few times – just in order to enable UL data transfer. This is technically and formally all right, but is obviously creates an overhead and is therefore suboptimal.

As far as we know, this issue was not discussed when the UL data transfer in DC was specified.
2.2 Possible solutions

The problem of UL data transfer when there is nothing to acknowledge can be solved by implementation, in two ways: the eNB, which controls DC configuration, may forward some data via the SeNB as soon as the link is open only to enable UL data; it may also neglect reports in UL, if it knows there was nothing to acknowledge yet. However, both approaches are simply bad.
In the first case, forcing the eNB to send some data via the SeNB only to enable UL data binds the two directions unnecessarily. Due to link imbalance or load conditions, the eNB may prefer to use only the MN for DL data. The second case is even worse, because it forces the SeNB to act in a non-standard-compliant way. If the MeNB is not implemented to handle this method, it may easily trigger error resolution over the X2. Finally, both approaches still force to use quite long extension header in each UL data PDU, irrespectively if the report is or is not needed. Therefore, the overhead of the UL data mentioned above is not resolved.

A proper solution, which would address all of the issues mentioned above, is to define a new PDU type for UL data. This PDU type would be very thin: only the PDU type ID is really needed – since there is no flow control for UL data, the SN is not needed.

Proposal 1: In order to enable sending UL data in DC also when there is no DL data to acknowledge, a new UL DATA PDU shall be defined.

In order to avoid backward incompatibility, sending UL data with the new PDU type shall be supplementary to the existing method of appending it to the DL delivery report. However, it would enable resolving the issues mentioned above. Also, we leave it up to the discussion to decide since which release this change is needed. Formally, the problem exists in Rel.12 already. However, considering that there are implementation-based “hacks” to handle it, we propose to introduce the new PDU in Rel.14 only.

Proposal 2: The new PDU shall not prevent from sending the UL data appended to the delivery reports. It shall be enabled in Rel.14 only.

Finally, as stated in the introduction, this problem concerns also LWA/LWIP. When the UL data transfer over Xw was discussed in Rel.14, there were actually proposals to specify a separate PDU type for UL data, but they were rejected on the grounds that appending UL data to the delivery reports is used in DC. Therefore, having also other issues to solve in the WI, RAN3 agreed such a problematic solution for LWA, too (which is also used in LWIP). Since now we’re proposing to correct the solution in DC, the correction must also be considered for LWA/LWIP.

Proposal 3: The new PDU shall also be defined for UL data transfer over Xw (for LWA/LWIP).

3
Summary
In this paper, we have shown that the existing UL data transfer solution defined for DC (over X2) is very suboptimal and in some cases may even disable UL data transfer. This is because the data may only be transferred in the delivery status reports, thus making the transfer dependant on the DL data. The same problem was duplicated in Xw. In order to solve it for both, X2 and Xw, it is proposed:
1) In order to enable sending UL data in DC also when there is no DL data to acknowledge, a new UL DATA PDU shall be defined.
2) The new PDU shall not prevent from sending the UL data appended to the delivery reports. It shall be enabled in Rel.14 only.
3) The new PDU shall also be defined for UL data transfer over Xw (for LWA/LWIP).
Two CRs are therefore proposed: one for X2 [1] and one for Xw [2].
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