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Discussion and Decision

1
Introduction
Very high data rates are, in principle, possible when the carrier aggregation is applied to its full extent. It has earlier been analyzed that the number of PDUs that are transmitted by the PDCP without acknowledgement can exceed the PDCP window size with the theoretically highest possible data rates [1]. It was then considered unprobable that a handover be executed at the same time as the UE has to have very good signal quality to achieve the highest data rates in the first place. However, it was later pointed out that a handover may be possible for other reasons even in this kind of environment [2]. In addition to reasons related to interference, a possible reason could be, for instance, a change of the special cell in the carrier aggregation. The change of the special cell identifier implies changing the ciphering keys which requires a handover. A dummy handover may also be required due to the HFN approaching its maximum value to avoid the HFN wraparound.
As the transmission of the user plane data starts at the first unacknowledged PDU in the target eNB after the handover, jumping outside of the PDCP reordering window with the COUNT value will cause the HFN missynchronization. To prevent this, we propose to inctroduce new PDU formats where the full COUNT value is transmitted instead of the PDCP sequence number when the COUNT value jumps outside the PDCP reordering window.
2
Discussion
2.1
The problem

The PDCP reordering window size is usually 2048 PDUs in the acknowledged mode. When data is being transmitted at a very high rate, it is normally not a problem to transmit more than this amount of PDCP PDUs without receiving any acknowledgements, because the RLC will take care of the in-sequence delivery and there is no risk of losing the HFN synchronization in the PDCP. However, this does not work over handovers, as the RLC is reset and the contents of the RLC reordering buffer is flushed to the PDCP and there may be missing blocks. Furthermore, the PDCP in the target eNB resumes the data transmission starting from the first unacknowledged PDU. If there are, for instance, 3000 unacknowledged PDUs in the PDCP retransmission buffer, the HFN will get missynchronized, because the 12-bit sequence number of the PDCP PDU header can not update the UE COUNT to a correct value unambiguously.
2.2
Proposed solution

It is a straightforward, simple, and efficient solution to transmit the full COUNT value in the PDCP D-PDU header when the COUNT value makes a jump which is larger than 2048. The extended D-PDU may be needed only once and the subsequent PDUs can be transmitted with the normal 12-bit SN, because they don’t cause any more large jumps in the COUNT value. In principle, there are two points after the handover when the extended format is needed. The first is the backward jump when the data transmission starts after the handover and the second is the forward jump when the status report is received. Consequently, an extended format is needed in the D-PDU and the status report.
The Rel-8 version of the PDCP D-PDU has three reserved bits in the header. It is simple to take one of them into use and define it as an extended format flag (“EXT” in Figure 1). This value would be set to “0” when using the usual reordering window of 2048 PDUs. The extension flag is set to “1” when the full 32-bit COUNT value is needed.
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Figure 1: Existing and new PDCP D-PDU formats
The Normal 12-bit FMS field of the status report must be replaced with a 32-bit field when the narrower field is not sufficient (Figure 2). There are no suitable reserved bits available, so a new C-PDU type is needed. One of the reserved PDU types is thus takan in use in Table 6.3.8.1 of the TS 36.323 [3].
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Figure 2: New status report format
Table 6.3.8.1: PDU type

	Bit
	Description

	000
	PDCP status report

	001
	Interspersed ROHC feedback packet

	010
	Extended PDCP status report

	011-111
	Reserved


2.3
Comparison to other possible solutions
The full COUNT value has been chosen although it implies a higher overhead than is theoretically needed. However, the extended PDUs are used very rarely, so the overhead is negligible compared to the total amount of transmitted data, as they are needed only with the extremely high data rates. Using the full COUNT value makes things also simpler than using just a larger SN field but still shorter than 32 bits. When the COUNT value is received it can be directly copied to the HFN and SN variables (see subclause 7.1 of TS 36.323). With the extended SN approach, a new set of rules for handling the variables would be required in very much the same way as in the present PDCP reordering procedures (subclause 5 in TS 36.322). Furthermore, the proposed solution is also compatible to any future releases as further extensions won’t be needed.
It would also be possible to define a new D-PDU format with a larger SN field that would enlarge the PDCP reordering window so much that the problem would never happen. This approach has at least two drawbacks. Firstly, it would add a piece of overhead to every D-PDU, so the total overhead would be much bigger than in the proposed solution. Secondly, the solution would not be limited to the PDCP only as the RRC had to be updated accordingly for the PDCP configuration.
 The proposed solution is completely local to the PDCP.
Another possible solution is to resume the transmission in the target eNB after the handover at the first SDU inside the window instead of the first unacknowledged SDU if that happens to be outside the window. This is the simplest possible solution, but the handover would not be lossless any more, so this approach is not very attractive. However, this is the method that must be used when executing a handover from a Rel-10 eNB to a Rel-8/9 eNB, because the earlier eNBs would not recognize the new PDU formats, but such a case would be very rare. The eNB may minimize or avoid the data loss by slowing down the data transmission temporarily or by arranging additional RLC status reports by additional polling if the handover is not urgent.
4
Conclusion
We propose that extended PDU formats are added to the PDCP to solve the potential problem with the insufficient sequence number range in extreme cases.
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