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1 Introduction

In RAN2#79 meeting, it agreed that for a huge amount of data, e.g. with CA configuration, a new kind of PDCP SN will be used, i.e. 15bit PDCP SN for this case.

The PDCP SN and corresponding parameters are transferred via S1 and X2 interfaces during handover procedure to avoid data loss, therefore PDCP SN change would also have impact on RAN3. In this paper we would like to discuss the impact on RAN3 specifications and propose solution to meet the requirement.
2 Discussions
2.1 Handover scenarios
It was agreed in RAN2#79 that the PDCP SN extension is just applied for AM DRB and the new value of PDCP SN length is 15bit. Meanwhile, the length of COUNT keeps unchanged, i.e. 32bit. The extended bits of PDCP SN are borrowed from HFN.

The change of PDCP SN has impact on RAN3 specification, mainly for handover procedure. If lossless handover applied for a service, the packets carried by AM DRBs should be ensured not lost as much as possible during handover in order to improve user experience. The selective re-transmission mechanism is used for lossless handover on both UL and DL transmission. By this mechanism, the PDCP SNs included in COUNT IE for both UL and DL are transferred by S1/X2-AP signalling from source eNB to target eNB during handover preparation procedure in order to keep the continuity of series numbers for packets and it also provides enough information to implement selective re-transmission, i.e. re-transmitting the packet which does not be acknowledged by peer entity.
The extension of PDCP SN will be applied for the eNB deployed for hotspot coverage especially with carrier aggregation configuration. In this case, it is likely possible that the eNB covering hotspot has different release with around eNBs. Although we can suppose that the release of eNBs can be known each other via OAM, but it is not necessary. In addition, the signalling design principle shall ensure the correct interaction between two nodes with different releases. Moreover, for two eNBs without X2 connection, the knowledge of release information for neighbouring eNBs is also unnecessary. 
During handover procedure, the scenarios of PDCP SN configuration listed below should be considered:
· 12bit PDCP SN in both source eNB and target eNB: As normal as Release 8 and no more change is required. 
· 12bit PDCP SN in source eNB and 15 bit PDCP SN in target eNB (short-to-long SN change): In this case, the length of PDCP SN adopted by source eNB for AM DRB is indicated by RRC HandoverPreparationInformation. Either long (15bit) or short (12bit) PDCP SN can be adopted for AM DRB in target eNB and it depends on decision of target eNB. 
· 15bit PDCP SN in source eNB and 12bit PDCP SN in target eNB (long-to-short SN change): Source eNB indicates extended PDCP SN in RRC HandoverPreparationInformation for corresponding AM DRBs. In this case, target eNB cannot identify extended information due to its lower release. It has been agreed in RAN2 that target eNB should perform full-configuration for user plane and the parameters of PDCP for the DRBs are reset and re-configured. Obviously, packet loss will happen.
· 15bit PDCP SN in both source eNB and target eNB (long-to-long case): Target eNB identifies extended PDCP SN configuration indicated by source eNB. It is same as R8 handover procedure.

It shows that lossless handover can be achieved in some cases, but cannot in other cases. It is beneficial for ensuring user experience without packet loss during handover, but the trade-off between it and cost and complexity of network should also be considered.

Observation 1: Not all of cases can avoid data loss during handover.
2.2 Impact on S1/X2 AP signalling

PDCP SN change impacts handover signalling on S1/X2-AP for data forwarding.

During handover procedure, the status preservation information of PDCP SN and HFN is transferred by S1AP: eNB/MME STATUS TRANSFER or X2AP: SN STATUS TRANSFER. The IEs related with PDCP SN are listed following:
· Receive Status Of UL PDCP SDUs (Optional): PDCP Sequence Number = (First Missing SDU Number + bit position) modulo 4096
· UL COUNT Value (Mandatory): PDCP-SN and Hyper Frame Number of the first missing UL SDU
· DL COUNT Value (Mandatory): PDCP-SN and Hyper frame number that the target eNB should assign for the next DL SDU not having an SN yet
It has been agreed in RAN2 [1] that the length of COUNT keeps unchanged with PDCP SN extension. If PDCP SN extended, the least significant 3 bits of HFN are moved to and as most significant 3 bits of PDCP SN [2]. From perspective of signalling transfer in S1/X2, no change is needed for UL COUNT Value IE and DL COUNT Value IE. The handling of COUNT value during handover is assumed as below:

· Short-to-long SN change: The target eNB reads 12bit PDCP SN from COUNT according to HandoverPreparationInformation indicated by source eNB. Whether the PDCP SN is used for lossless handover or just applies full-configuration is depends on agreement in RAN2’s further discussion.

· Long-to-short SN change: The target eNB does not identify extended PDCP SN information in HandoverPreparationInformation indicated from source eNB, it only reads least significant 12 bit of PDCP SN. It is possible that the PDCP SN in source eNB does not match the one in target eNB. It cannot avoid data loss during handover.
Observation 2: According to RAN2 decision, in the case of long-to-short SN change, the lossless handover would not be supported.

Observation 3: In the case of short-to-long SN change, lossless handover is possible if full-configuration does not apply for.

Therefore, the only impacted IE is Receive Status Of UL PDCP SDUs, it used for UL data forwarding and presented as a bit string. The extension on Receive Status Of UL PDCP SDUs is applied at least for long-to-long SN change case. Whether Receive Status Of UL PDCP SDUs needs to be extended under long-to-short SN change case is depends on source eNB implementation. If source eNB sends extended Receive Status of UL PDCP SDUs information, target eNB would ignore it because it cannot be identified correctly.
2.3 Modification on specification

There are two options for extension of Receive Status Of UL PDCP SDUs.

Option 1: Extending Receive Status Of UL PDCP SDUs IE from 4096 bits to 32768 bits.

Option 2: Adding new IE for extended part of Receive Status Of UL PDCP SDUs, i.e. a BIT STRING of 28672 bits.

Obviously, Option 2 is a backward compatibility method but Option 1 is not. We propose to adopt Option 2 for the modification on S1/X2-AP specifications.
Proposal 1: We propose to adopt Option 2 for the modification on S1/X2-AP specifications.

3 Conclusion
In this paper we discuss the impact on lossless handover and S1/X2-AP signalling aspects from PDCP SN extension decision made by RAN2.
Up to now, the PDCP SN extension will give up some beneficial from lossless handover. According to RAN2 decision, if full-configuration is applied for both long-to-short and short-to-long SN change, the data loss cannot be avoided during handover. However, it shows from analysis that in short-to-long SN change the lossless handover is possible.

Observation 1: Not all of cases can avoid data loss during handover.

Observation 2: According to RAN2 decision, in the case of long-to-short SN change, the lossless handover would not be supported.

Observation 3: In the case of short-to-long SN change, lossless handover is possible if full-configuration does not apply for.

In S1/X2-AP signalling, only Receive Status Of UL PDCP SDUs need to be extended for long PDCP SN. It is propose to adopt backward compatibility to extend it.

Proposal 1: We propose to adopt Option 2 for the modification on S1/X2-AP specifications, i.e. adding a new IE for extended part of bitmap.
The Corresponding stage-3 CRs are show in R3-122166 for 36.413 [3] and R3-122167 for 36.423 [4].
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