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1
Introduction
The agenda of this meeting explicitly requested further contributions comparing Alternatives 3C and 3D. The TR [1] already lists pros and cons of each alternative and thus the comparison is already present, but the seriousness of the problems in any alternatives is not specifically highlighted.
This paper shows that Alternative 3D has some significant problems that have not been properly pointed out in the TR and are not present in Alternative 3C.
2
Discussion
Both alternatives 3C and 3D support bearer splitting. The most notable difference between these alternatives is the layer where the split takes place.

In Alternative 3C, there is a single PDCP entity and two RLC entities per each split bearer and the PDCP PDUs can be delivered via either RLC entity. Both RLC entities have their own independent variables, reception and transmission windows, and ARQ processes.

In Alternative 3D, there is a single PDCP entity and a single RLC entity per each split bearer. The RLC PDUs can be delivered via either MAC. There is a slave RLC in the SeNB to re-segment the original RLC PDUs if their sizes are not compatible with the SeNB transport block size, but the slave RLC does not have any other RLC properties like ARQ and state variables, for instance.
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Figure 1. SCE user plane architecture alternatives 3C (left) and 3D (right)

The discussion below is mostly about the problems caused by the approach used in Alternative 3D. This alternative should be dropped from further work, because Alternative 3C offers the same benefits as Alternative 3D, but it does not have these problems.
2.1
Challenges to RLC ARQ in 3D
2.1.1
Problems caused by the transmission delay difference between legs

The RLC timer t-Reordering was adopted in Rel-8 to handle the out-of-sequence delivery of the RLC PDUs. The problem in Rel-8 is purely caused by the fact that different numbers of TB retransmissions are needed in MAC HARQ. The parameter setting of the MAC HARQ sets an upper limit to the range of the transmission delay of the RLC PDUs and timer t-Reordering is dimensioned accordingly.
When bearers are split between MeNB and SeNB, the range of the transmission delay is widened and the range and the setting of the timer t-Reordering must be increased to be able to handle the added variation in the delivery. If not addressed properly, premature transmissions of RLC STATUS REPORT would occur too frequently.
2.1.2
Multiplication of the additional transmission delay via SeNB
The additional transmission delay of RLC PDUs caused by the Xn delay is not only a simple added delay, but the delay must be multiplied in calculating the maximum transmission delay of the RLC PDUs when there are RLC ARQ retransmissions. First, the RLC will react slower to the missing PDUs, because the value of the timer t-Reordering must be increased. Second, the transmission of the RLC STATUS REPORT is subject to the same additional Xn delay when transmitted via the SeNB. Third, the retransmission naturally also suffers from the same delay.
If more than one RLC ARQ retransmissions are required, the maximum transmission delay grows very large compared to most of the other alternatives.

2.1.3
FDD/TDD

It is quite possible to use different duplex modes in MeNB and SeNB. The HARQ timing properties may be very different in FDD and TDD (and, to be exact, also between two different TDD configurations) and thus the RLC timer settings should usually be set to different values to optimize the RLC ARQ performance on each eNB according to the actual delays that are present in the different HARQ configurations. The single RLC entity with a single ARQ process for each logical channel in Alternative 3D makes this impossible, so it would limit the use of different HARQ configurations in MeNB and SeNB.
2.1.4
More than just the extension of RLC SN space

As already mentioned in the TR, the range of the RLC SN must probably be extended. The additional delays grow so large that it seems inevitable. The sole extension of the SN range would be a moderate RLC specification change, including only the new definition and the procedures to make it configurable by the RRC.
The mode tedious task is the extension of several message formats. The SN is present in all RLC ADM PDU message formats, so new formats are required in seven existing messages. At the same time, the nice byte alignment of the most frequently used PDU formats is disturbed and padding needs to be added, causing some additional overhead.

2.2
Handling of Xn transmission errors

The only point where 3D is better than 3C is the correction of transmission errors in Xn as the possible errors are automatically corrected by the RLC without any changes. However, the errors in Xn are very rare, so the other problems in 3D are definitely more serious than this.
3
Conclusion
There are several drawbacks in Alternative 3D. Some of them have already been listed in the TR [1] and some more are listed above. Alternative 3C does not have similar drawbacks, but it is still able to provide essentially the same benefits as Alternative 3D. Therefore, there is no reason to use Alternative 3D.
Proposal: Drop Alternative 3D from further analysis and add the conclusion above to the conclusions section of the TR [1].
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