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1 Introduction
In RAN2 78, PDCP SN (sequence number) extension was discussed [1]. In the UP session, some companies saw the limitation on current PDCP SN space and the need of the extension in order to support small data transmission and macro eNB acting as a WiFi router. However, the impact on this change is unclear, especially for the case of handover with PDCP SN change. In this paper, we would like to share our views on this issue.  
2 Discussions
2.1 Background

In LTE Rel-10 and the earlier releases, the PDCP SN sizes for radio bearers are listed in Table 1 [2], where 5-bit-long is used for SRBs, 7-bit-long is used for DRBs mapped on RLC UM and 12-bit-long is used for DRBs mapped on RLC AM or RLC UM. The configuration of PDCP SN size is RB specific. Besides, the SN and HFN (Hyper Frame Number) together make a 32 bits long COUNT value. Since the discussion of PDCP SN extension is focused on the DRBs, the following sections will investigate the handover behaviour mainly in DRBs. 
Table 1

	Length
	Description

	5
	SRBs

	7
	DRBs, if configured by upper layers (pdcp-SN-Size [3])

	12
	DRBs, if configured by upper layers (pdcp-SN-Size [3])


In the 3GPP LTE handover scenario, seamless handover is supported in the RLC UM DRBs, and lossless handover is supported in the RLC AM DRBs.

In [3], it indicates that in RLC UM the source eNB forwards DL PDCP SDUs that have not been transmitted and may forward fresh downlink data arriving over S1 to the target eNB. In the UL, the source eNB forwards all uplink PDCP SDUs successfully received to the Serving Gateway. The PDCP SN and HFN are reset in both the target eNB and the UE sides.
In RLC AM, SN STATUS TRANSFER is sent by the source eNB to the target eNB to indicate the uplink/downlink PDCP SN and HFN status during a handover. The uplink PDCP SN receiver status includes the PDCP SN of the first missing UL SDU (FMS) and may include a bit map of the receive status of the out of sequence UL SDUs that the UE needs to retransmit in the target cell. The downlink PDCP SN transmitter status indicates the next PDCP SN that the target eNB shall assign to new SDUs, not having a PDCP SN yet. 
In RLC AM, the source eNB may forward in order to the target eNB all downlink PDCP SDUs with their SN that have not been acknowledged by the UE during handover. In addition, the source eNB may also forward fresh data arriving over S1 to the target eNB. In the UL, the source eNB forwards to the Serving Gateway the uplink PDCP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target eNB. For a normal handover, the target eNB and the UE continue the PDCP SN. 
2.2 Handover with PDCP SN change
Current PDCP SN space may be limited in case of burst small packet transmissions and eNB acting as a router. In [1], the PDCP SN extension was proposed and it suggested extending the SN into 14 bits. In that case, when a UE performs handover from new version/legacy eNB to legacy/new version eNB, the PDCP SN of certain DRBs may change. In [1], it further discussed that when handover is performed from a legacy eNB to a Rel-11 eNB, it is the target eNB that must do the SN adjustments, if required. When handover is performed from a Rel-11 eNB to a legacy eNB, it is the source eNB that must do the SN adjustments, if required.
However, we see the difficulties for the SN adjustments. 
2.2.1 Handover from PDCP SN 14 bits to PDCP SN 12 bits

Assume the source eNB uses PDCP SN 14 bits, e.g., new version eNB, and the target eNB uses PDCP SN 12 bits, e.g., legacy eNB. In the following subsections, we discuss the impacts on DRBs with PDCP SN change (i.e., 14 bits to 12 bits) during handover. 
2.2.1.1 RLC AM DRBs
By current mechanism, in the RLC AM, the source eNB will forward 12 bits SN with 20 bits HFN as the COUNT value to the target eNB. When the source eNB forwards the DL COUNT value, UL COUNT value and Receive Status of UL PDCP SDUs to the target.

With PDCP SN extension, the legacy target eNB probably cannot recognize the new PDCP SN format so that the PDCP SN format should be modified at the source. The source eNB may need to truncate 14bits SN into 12 bits format. However, it is problematic to represent the PDCP SN greater than or equal to 4096 in both DL and UL COUNT. Besides, for the downlink PDCP SDUs with their SN that has not been acknowledged by the UE, the source eNB should remove the original headers with 14 bits SN and put the headers with new format into these SDUs. If the source eNB directly truncate the MSB 2 bits in the SN, it may happen that multiple SDUs map to the same new SN. The ambiguity on the PDCP SDUs will happen and the confusion on packet forwarding will occur. 
In addition, the HFN should concatenate with 2 bits at the source eNB. The new SN and the new HFN make the new COUNT value. In order to assure correct interpretation at the target eNB, the source eNB should transmit the new format to the target eNB. 

Since the UE does not know the PDCP SN change of certain DRBs during handover, some problems will happen at UE. If the UE does not know the format change on the COUNT values, it will continue to use the old format for the following data transmissions. The COUNT values used as ciphering/deciphering parameters are not the same at eNB and UE sides. The misunderstanding in the target eNB and the UE will happen.  
2.2.1.2 RLC UM DRBs
In the RLC UM, although both target eNB and the UE will reset their SN and HFN, the UE should know which format for the new counting for a certain DRB when the UE handovers to the target eNB. By the current mechanism, without full configuration, the UE cannot know the format change. 
2.2.2 Handover from PDCP SN 12 bits to PDCP SN 14 bits

Assume the source eNB uses PDCP SN 12bits and the target eNB uses PDCP SN 14 bits for certain DRBs. Since the target eNB is supposed to support both PDCP SN 14bits and 12 bits, the UE can first handover to the 12 bits mode. After RRC connects to the target, the target can perform RRC connection reconfiguration to change the PDCP SN into 14 bits mode. However, if further optimization is considered, i.e., handover directly from PDCP SN 12 bits to 14 bits, some problems will occur. In the following subsections, we discuss the impacts on DRBs with PDCP SN change (i.e., 12 bits to 14 bits) during handover. 

2.2.2.1 RLC AM DRBs
In RLC AM, for the PDCP SDUs forwarding from the source eNB to the target, if these SDUs are without PDCP SN, the target eNB can put the SN with new format in the packet header and transmit to the UE. However, the source eNB may forward all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNB. If the target eNB directly forwards these packets without any processing, two kinds of packet headers will be received at the UE and it will cause confusing. The target eNB should remove the packet header and put the new format header to the packet. 
Furthermore, the target eNB should do the 2 bits truncation to the HFN and 2 bits concatenation to the SN in order to meet the new format. Although these actions probably can be done at the target eNB, one difficulty is remained. That is the target eNB only syncs up the SN with the UE while the HFN is maintained by the eNB and by the UE individually. If the UE does not adjust the COUNT value format accordingly, the COUNT values used as the ciphering/deciphering parameter are not the same at eNB and UE sides. 
2.2.2.2 RLC UM DRBs
Similar to the discussion in 2.2.1.2, the UE does not know the format change so that the misinterpretation in the eNB and UE will happen. 

2.3 Handover with full configuration

In order to solve the difficulties mentioned in the previous sections, when encountering handover with PDCP SN change for certain DRBs, the RRC connection reconfiguration with full configuration should be applied. In that case, both the target eNB and the UE will release the DRBs with PDCP SN change and establish the new PDCP entity accordingly. 
However, for handovers involving Full Configuration, the source eNB behaviour is unchanged. The target eNB may not send PDCP SDUs for which delivery was attempted by the source eNB. The target eNB identifies these by the presence of the PDCP SN in the forwarded GTP-U packet and discards them. After a Full Configuration handover, the UE delivers received PDCP SDU from the source cell to the higher layer regardless of possible gaps. UE discards uplink PDCP SDUs for which transmission was attempted and retransmission of these over the target cell is not possible. In that case, the lossless handover for the RLC AM DRBs cannot be supported.
Proposal 1: When encountering handover with PDCP SN change for certain DRBs, the RRC connection reconfiguration with full configuration should be applied.
Proposal 2: Lossless handover for RLC AM DRBs cannot be guaranteed in the handover with PDCP SN change for the concerned DRBs. 
3 Conclusions

In this paper, handover with PDCP SN change is evaluated. We show the difficulties for the SN adjustments from 12 bits to 14 bits and from 14 bits to 12 bits. After evaluation, conclusions are made.

Proposal 1: When encountering handover with PDCP SN change for certain DRBs, the RRC connection reconfiguration with full configuration should be applied.

Proposal 2: Lossless handover for RLC AM DRBs cannot be guaranteed in the handover with PDCP SN change for the concerned DRBs. 

4 References

[1]. R2-122651, Limitation of PDCP SN and FMS-fields, Ericsson, ST-Ericsson
[2]. 3GPP TS 36.323 v10.1.0

[3]. 3GPP TS 36.300 v11.2.0



















3/3

