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1 Introduction
Dual connectivity enhancement WI [1]  has been approved and uplink bearer split one of the objectives. In the R-12 discussion, double scheduling and over-scheduling are considered as potential problems for uplink split bearer. They result in radio resource wastage and UE power consumption. This paper discusses the problems and solutions.

2 Discussion
From various internet traffic researches, e.g [2], it is common to see that small packets (40~60 bytes) account for a significant part of the traffic (>50% of total packets in [2]). Most of these small packets are TCP ACK. The length variations come from the optional fields and version of the TCP ACK.
Observation 1:
Small packets account for significant portion of total packets.

For DL split bearer, the receiver end would generate TCP ACK on UL. With R-12 mechanism, the packet would be transmitted on either MCG or SCG. However, if corresponding UL bearer is also split, it’d potentially trigger SR/BSR to both MeNB and SeNB. With SR indication, both eNB would schedule UL grant to the UE since they do not know better. For small packet, it is likely that the buffer can be cleared with either grant. If that’s the case, for small packet like TCP ACK, double scheduling would happen. 
Observation 2:
SR toward MCG and SCG due to small amount of buffered data results in double scheduling.

Based on the 2 observations, it is proposed that solution shall be provided to prevent radio resource wastage. 

In general, UL split bearer is used to increase throughput, which is not required when UE has only small amount of buffered data. Therefore, it is reasonable to have flexibility mechanism for which UL split bearer is effective only when there is sufficiently large amount of buffered data. Therefore, it is proposed to restrict SR/BSR trigger toward one eNB or CG by a buffer size threshold. Then, it’d seem like that even UL split bearer is configured, the split is turned off when buffered data is lower than the threshold, but if buffered data is higher than the threshold, UL bearer split can be used to increase UL throughput.
Proposal 1:
A threshold on buffer size is used to only allow SR toward one eNB when buffer size is lower than the threshold. SR toward the other eNB is triggered only when the buffered data is higher than the threshold. 
For UL split bearer, over-scheduling is likely to happen at the end of data burst. Considering the under-scheduling during the entire data burst, over-scheduling seems not a serious problem, but still radio resource and UE power wastage may happen at each data burst.
Observation 3:
Over-scheduling may happen at the end of a UL data burst.

To prevent radio resource wastage, one alternative is to use a buffer size threshold to cancel triggered BSR, i.e. after considering all UL grant(s) in this subframe, if the buffered data is lower than the threshold, all triggered BSRs toward certain eNB shall be cancelled. However, even the BSR is cancelled, the eNB could continue to schedule the UE according to the early BSR. Then, additional indication is needed to inform the eNB to stop scheduling.
Without special indication from UE, it is also possible to rely on smart scheduler. The scheduler of the eNB usually knows the amount of RLC data for retransmission, together with BSR, it could calculate the amount of PDCP data (reported in previous BSR) still waiting in the buffer. One of the eNBs can only schedule RLC retransmission once the calculated PDCP data remaining in the buffer is lower than the threshold.
Proposal 2:
BSR toward certain eNB is cancelled when the buffer size is lower than a threshold.
Proposal 3:
One of the eNBs only schedules the UE for RLC data once the calculated PDCP data remaining in the buffer is lower than a threshold.

3 Conclusion
This paper discussed the scheduling problem with UL split bearer. It is proposed to discuss and decide on the following observations and proposals:

Observation 1:
Small packets account for significant portion of total packets.

Observation 2:
SR toward MCG and SCG due to small amount of buffered data results in double scheduling.
Observation 3:
Over-scheduling may happen at the end of a UL data burst.

Proposal 1:
A threshold on buffer size is used to only allow SR toward one eNB when buffer size is lower than the threshold. SR toward the other eNB is triggered only when the buffered data is higher than the threshold. 
Proposal 2:
BSR toward certain eNB is cancelled when the buffer size is lower than a threshold.
Proposal 3:
One of the eNBs only schedules the UE for RLC data once the calculated PDCP data remaining in the buffer is lower than a threshold.
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