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1
Introduction
Discussion of [7] resulted in RAN2#78 agreeing the following:
=>
In principle, the UP session agree to increase PDCP SN and FMS in Rel-11. Details will be discussed next meeting. Companies are requested to bring up the discussion paper and complete CRs.
This discussion paper is a response to that request. A proposed LS is given in [8], and CRs to PDCP and RRC specifications are provided in [9] and [10], respectively.
2
Discussion
2.1
General

The PDCP security algorithms use the Count value as input. The PDCP SN length only determines how many LSBs of this Count value are indicated within PDCP PDUs. As for header compression, while a compressed packet inherits the association to the same PDCP SN and Count value as the related PDCP SDU, and vice versa at decompression phase, this is only to serve ordered delivery from compressor to decompressor, i.e. the header compression does not use PDCP SN or Count as input parameter as such.
So provided only the long-standing requirement that Count and PDCP SN ambiguity at reception is avoided - no matter how the PDCP SN length is configured or reconfigured - it appears that the agreed increase of PDCP SN length should not result in any issues with the security or header compression algorithms.
One issue left open in RAN2#78 seems to be whether the new, longer PDCP SN can only be configured for DRBs mapped on RLC AM, or also for RLC UM. The text proposal in [7] seems to implicitly assume this to be applicable also for UM, while all the argumentation in that contribution applies to AM only.

Proposal 1:
Discuss whether there is a need for the new PDCP SN length to be applicable also to DRBs mapped on UM.

In the rest of this contribution and the accompanying CRs, we assume that only for AM bearers the PDCP SN is extended by two bits (without loss of generality; all the solution options discussed can also be applied to UM bearers in the same or simpler form), and like already the case for bearers mapped on RLC UM, that the SN length is configured by RRC.
Like also already the case for bearers mapped on RLC UM, it seems logical to configure the new PDCP SN length in the PDCP-Config IE in the RRC specification.

Proposal 2:
The use of the new PDCP SN length is configured in an extension to the RRC IE PDCP-Config (i.e. per bearer).
The text proposal in [7] proposed extending the FMS field of the PDCP Status report by 2 bits, along with an addition of 6 reserved bits for byte alignment. However, it seems that such an addition of one octet to the PDCP Status report can also be avoided. Because currently only PDU Type values ‘0xx’ are in use, it is possible to specify that PDU Type value‘1xy’ indicates Status report with long PDCP SN, where the ‘xy’ indicate the 2 MSBs of the PDCP SN of the first missing PDCP SDU. This would still leave another two 0xx values of PDU Type as reserved.
Proposal 3:
(Assuming that PDCP SN is extended by 2 bits:) specify that PDU Type value‘1xy’ indicates Status report with long PDCP SN, where the ‘xy’ indicate the 2 MSBs of the PDCP SN of the first missing PDCP SDU. Correspondingly, specify that the FMS field indicates the LSBs of the PDCP SN of the first missing PDCP SDU.
The adoption of the longer PDCP SN results in some Rel-11 ripples outside RAN2:
· RAN3 need to at least add an extension to the field “Receive Status Of UL PDCP SDUs” within the SN Status Transfer message part of both X2AP and S1AP protocols [4, 5]. (The fields “UL count value” and “DL count value” may suffice as they are, although they are split with legacy SN length: the target eNB should anyway know what SN length to apply from the AS-config received as part of HandoverPreparationInformation.)

· CT4 need to update at least this sentence about “PDCP PDU number” GTP-U extension header in TS 29.281: “When used between two eNBs at the X2 interface in E-UTRAN, bits 5-8 of octet 2 are spare.”
Proposal 4:
LS RAN3 and CT4 about the agreement to extend PDCP SN and the specification changes anticipated by RAN2 to be needed.
As already briefly discussed previously, other issues that need to be agreed are how to handle handovers to and from pre-Rel-11 eNBs.
2.2
Change from the new PDCP SN to legacy PDCP SN
A change in this direction needs to be handled in case of handover from a Rel-11-compliant eNB to a pre-Rel-11 eNB. We see no other case calling for handling such a change.

It appears that the current RRC specification already provides a framework for handling handovers in such cases, under which things would go as follows:
1. The target eNB determines a future-release UE configuration from ue-ConfigRelease and/or as-Config within the received HandoverPreparationInformation, which makes it generate a Full-configuration handover command to be forwarded to the UE by the source eNB transparently.
2. As a result, everything specified for a Full-configuration handover in 36.300 section 10.1.2 and in 36.331 section 5.3.5.8 applies; in short, 
· the U-plane stack for each pre-existing DRB is flushed to higher layer and released, to be re-setup; 
· no retransmissions in either direction take place in the target cell, so some data loss may happen;
Observation: 
Full-configuration handover seems to manage the handling of this case adequately, with very little specification impact. 
While enhancements to ensure losslessness of such a handover can be envisioned, they seem to come with the following issues:
· the legacy target eNB is only able to work with the legacy information forwarded, i.e. only one full Count value per direction per bearer, legacy PDCP SNs in the GTP-U headers, and “Receive Status Of UL PDCP SDUs” of legacy size, as well as to include only legacy PDCP SNs in retransmitted PDUs. 
· As a result, any PDUs outstanding beyond the legacy Reordering window would need to be treated as “new” transmissions in both directions at the target eNB.
· This would mean using the air interface for retransmitting possibly many PDUs already successfully transferred before the handover.
· This would also require that a Rel-11-compliant eNB would have to keep buffering a copy of also PDCP PDUs beyond the legacy PDCP window which the UE has RLC-ACKed (in case HO to a legacy eNB will take place).
· The previous would also require at least: 
· deviating from the current principle by which the handover command is fully transparent w.r.t. also the data forwarding by the source eNB (because now the source eNB would need to know what exactly would need to be forwarded); and
· agreeing what a Rel-11 eNB should signal in HandoverPreparationInformation such that, while it would be valid for a Rel-11 target eNB, it would not trigger a legacy target eNB to generate a Full-configuration handover command.
Proposal 5:
No procedures are specified that would ensure that handover involving change from the new PDCP SN length to legacy length is always lossless.
2.3
Change from legacy PDCP SN to the new PDCP SN
A change in this direction seems needed for a UE handed over from a pre-Rel-11 eNB. While this change can of course also be handled with Full-configuration radio configuration like explained above, the easier nature of this case makes it seem worthwhile to also consider other options that do not involve the release of all DRBs and the related data loss.
We note that whether it is best to apply such a reconfiguration immediately at such handover, or at some later stage as an intra-cell procedure, seems debatable. One risk with immediate extending to Rel-11 SN length when the UE is handed over from a legacy eNB is that whenever  the UE moves back, one will have full-config handover with the coupled data loss again. If a UE happens to move along the coverage border of the eNBs somehow, having this process repeat itself may be undesirable.
A pre-existing PDCP entity switching to use the longer PDCP SN seems possible provided the following:

· The longer SN along with the related state variables and the constant Reordering_Window are all adopted into use in the various comparison conditions within the PDCP procedures at a well-defined point in time;

· Transforming the state-variable pairs {TX_HFN, Next_PDCP_TX_SN} and 
{RX_HFN, Next_PDCP_RX_SN} seems to involve only a re-splitting of the related Count values according to the new SN length. To be able to do the same with Last_Submitted_PDCP_RX_SN, a Rel-11 PDCP seems to need to always maintain at least the new SN-length’s worth of LSBs of the corresponding Count value; in the specification this might be simplest achieved by introducing also the state-variable counterpart Last_Submitted_PDCP_RX_HFN.
· There is never ambiguity on the PDCP SN length of PDUs received. How to achieve this seems to be a trade-off depending on how much information is seen desirable to carry in PDCP PDU headers:

Option A
If SN length is not indicated also in PDCP headers (such as in the text proposal in [7]), the switch needs to be performed like ciphering-key change currently, i.e. such that also RLC/MAC below are reset, and PDCP is re-established such that the new setting is taken into use only after processing the RLC-flushed received PDUs. From current RRC-specification point of view, this would need to be part of handover procedure, meaning that whenever done, PDCP/RLC/MAC would be re-established/reset for all RBs that are established.
Option B
If SN length is indicated also in PDCP headers, doing this seems possible on the fly with a lighter procedure not requiring RLC/MAC below to be reset and hence not requiring PDCP re-establishment either. From current RRC-specification point of view, this could be part of the generic RRC-reconfiguration procedure (though usable at handover too) and could therefore be applied to individual bearers only while leaving others bearers unaffected.
Observation: whether option A or B is used, lossless switching to the new PDCP SN length seems possible. 

Given proposal 5, neither of the solutions above would ensure an overall lossless switching however and we should therefore discuss if it makes sense to enhance the switching in one direction only (from legacy PDCP SN to new PDCP SN).
Proposal 6:
Discuss whether to allow lossless switching to the new PDCP SN length, and adopt either option A (SN-length change handled and timed like ciphering-key change currently) or option B (SN-length reconfiguration is part of the generic RRC Connection Reconfiguration, but SN length is indicated also in PDCP headers).
3
Conclusion
This contribution discussed open issues after the agreement to extend PDCP SN length in Rel-11.
Proposal 1:
Discuss whether there is a need for the new PDCP SN length to be applicable also to DRBs mapped on UM.

Proposal 2:
The use of the new PDCP SN length is configured in an extension to the RRC IE PDCP-Config (i.e. per bearer).

Proposal 3:
(Assuming that PDCP SN is extended by 2 bits:) specify that PDU Type value‘1xy’ indicates Status report with long PDCP SN, where the ‘xy’ indicate the 2 MSBs of the PDCP SN of the first missing PDCP SDU. Correspondingly, specify that the FMS field indicates the LSBs of the PDCP SN of the first missing PDCP SDU.

Proposal 4:
LS RAN3 and CT4 about the agreement to extend PDCP SN and the specification changes anticipated by RAN2 to be needed.

Proposal 5:
No procedures are specified that would ensure that handover involving change from the new PDCP SN length to legacy length is always lossless.
Proposal 6:
Discuss whether to allow lossless switching to the new PDCP SN length, and adopt either option A (SN-length change handled like ciphering-key change currently) or option B (SN-length reconfiguration is part of the generic RRC Connection Reconfiguration, but SN length is indicated also in PDCP headers).

A draft LS to RAN3 and CT4 is provided in [8]. CRs implementing option A in the PDCP and RRC specifications are given in [9] and [10], respectively.
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