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1	Introduction
Following discussion of [1], RAN2#96 reached the following agreement.
4	RAN2 will study PDCP procedures for changing the PDCP-SN length that are lossless and maintain ordered delivery of higher-layer data.  To be studied for reconfigurations between LTE and NR and reconfigurations within NR

This contribution discusses such PDCP procedures further. 
2	Discussion
The issues to solve in reconfiguration to shorter PDCP SN are best described using a concrete example. Let us assume that the SN is reconfigured to a length 2 bits shorter than the previously used length; in this case, the previously used SN space has four quadrants the size of the newly adopted SN space, each characterized by given MSBs of the previously used SN that now become part of HFN. In other words, the four quadrants are indistinguishable from each other by the new, shorter SN.
Assume further that right before the reconfiguration:
-	A data-transmitting PDCP entity had the whole half of the previously used SN space of data in flight: in the general case, this half-space falls on three SN-space quadrants as defined above. In each of these three quadrants, the PDCP entity is storing SDUs whose acknowledgement is pending;


-	At the peer PDCP entity, the lowest COUNT value of a PDU not yet received falls in the lower half of the middle one of these three quadrants (i.e. the quadrant excluding both the lowest and highest COUNT values of PDUs in flight).


With the help of this example, the following problems can be identified:
Problem 1: If the data-transmitting entity simply starts to re-transmit SDUs in the low quadrant - as instructed by today’s specification - the data-receiving peer entity will most likely mis-interpret them as belonging to the middle quadrant, i.e. will infer wrong HFN for those SDUs.
Problem 2: In a PDCP status report received, if the FMS value is expressed using the new shorter SN and the bitmap is short, in addition to the middle quadrant the SN value also maps to either the low or the high quadrant. In other words, an FMS reported using the new shorter SN also suffers from HFN ambiguity.
Problem 3: In a possible variant of this example, except for the high quadrant (consisting of the highest COUNT values associated with the SDUs), the data-transmitting PDCP entity is no longer storing any SDUs because of a mass-discard of SDUs based on the PDCP discard timer. (Note: before receiving a PDCP status report the PDCP entity may not know whether all, some, or none of these discarded SDUs have been received at the peer, data-receiving, PDCP entity.) In this case, assuming that the data-transmitting entity has somehow learned the correct FMS, the entity has no SDU to retransmit within the only SN range expected by the peer entity, i.e. the half SN space following the FMS, while ensuring both duplicate elimination and ordered delivery of higher-layer data, both of which are current services offered by PDCP to higher layers.
2.1	Possible solutions
To avoid problem 1, if, at the time of the reconfiguration, the COUNT values associated with SDUs pending confirmation of successful delivery span more than the new shorter Reordering_Window, no retransmissions should be done before receiving an indication of FMS. 
Proposal 1:	If, at the time of the reconfiguration to shorter PDCP SN, the COUNT values associated with SDUs pending confirmation of successful delivery span more than the new shorter Reordering_Window, no SDUs are retransmitted before receiving an indication of FMS.
This indication needs to be unambiguous w.r.t. HFN, which relates to problem 2: the FMS needs to be indicated with an accuracy greater than just the currently configured SN; the simplest and most future-proof option would be to report FMS as a whole COUNT value. Such a new format was agreed for NR PDCP but not for LTE PDCP.
There seems to be different alternatives for tackling problem 3:
Alternative 1:	To avoid the problem altogether, limits could be introduced to how many SDUs with consecutive COUNT values could be discarded, taking into account also that a possible SN-length reconfiguration to a shorter value can take place.
Alternative 2:	PDUs associated with COUNT values fitting in the expected reception window could be created by taking SDUs assigned with COUNT values beyond the window and re-assigning them with COUNT values within the window. In order not to violate the requirement of ordered delivery of data, the re-assigned COUNT values could start from the one following the highest value indicated as received in the PDCP status report. Furthermore, in a data-receiving PDCP entity, if there is a chance of such COUNT re-assignment at the peer entity, then any previously received and stored SDUs with associated COUNT value beyond the current reception window (i.e. Last_submitted_PDCP_RX_SN + Reordering_window) would need to be discarded in order not to violate the requirement of ordered delivery of data.

While this alternative seems to come with limited impact e.g. to LTE PDCP, it does seem to come with some resource waste in the form of having to re-transmit SDUs that were already delivered (but were outside the new, shorter reception window).
Alternative 3:	A new command could be introduced that would allow a data-transmitting PDCP entity to instruct the peer entity to advance its lower edge of the reception window (i.e. Last_submitted_PDCP_RX_SN) to a new, higher value, in a region of the SN space where the data-transmitting entity has PDUs to send.
Proposal 2:	RAN2 discuss which of Alternatives 1-3 identified in this contribution is adopted to tackle Problem 3.
3	Conclusion
In this contribution, we discussed means for reconfiguration to shorter PDCP SN that are lossless and maintain ordered delivery of higher-layer data.
We identified the following problems to be addressed, as well as corresponding proposals addressing each:
Problem 1:	If the data-transmitting entity simply starts to re-transmit SDUs in the way instructed by today’s specification at PDCP re-establishment, the data-receiving peer entity can infer wrong HFN for those SDUs.
Proposal 1:	If, at the time of the reconfiguration to shorter PDCP SN, the COUNT values associated with SDUs pending confirmation of successful delivery span more than the new shorter Reordering_Window, no SDUs are retransmitted before receiving an indication of FMS.

Problem 2:	In a PDCP status report received, if the FMS value is expressed using the new shorter SN and the bitmap is short, also the FMS can suffer from HFN ambiguity.
The simplest and most future-proof option is to report FMS as a whole COUNT value. Such a new format was agreed for NR PDCP but not for LTE PDCP.
Problem 3:	A data-transmitting PDCP entity may not have any SDU to retransmit within the only SN range expected by the peer entity, i.e. the half SN space following the FMS, while ensuring both duplicate elimination and ordered delivery of higher-layer data, both of which are current services offered by PDCP to higher layers.
Proposal 2:	RAN2 discuss which of Alternatives 1-3 identified in this contribution is adopted to tackle Problem 3.
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