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1
Introduction
As highlighted in [1], when moving PDCP to the eNB, user plane data handling at handover needs to be revisited as there is no PDCP layer in an upper node [2] to take care of reordering and duplication avoidance. Based on discussions which took place at RAN WG2 meeting #57bis, this contribution gives a text proposal for the handover procedure to remain lossless, to avoid duplicating SDUs, to minimise out-of-sequence delivery and to spare radio resources by using selecting forwarding [3]. 

In essence, it is proposed to maintain the PDCP SN at handover and to selectively forward PDCP SDUs (unciphered and uncompressed) together with their SN [3] [4].
2
Text Proposal

6.3.1
Services and Functions

The main services and functions of the PDCP sublayer include:

-
Header compression and decompression: ROHC only;

-
Transfer of user data: transmission of user data means that PDCP receives PDCP SDU from the NAS and forwards it to the RLC layer and vice versa;


-
In-sequence delivery of upper layer PDUs at HO;

-
Duplicate detection of lower layer SDUs;

-
Ciphering of user plane data and control plane data (NAS Signalling);

Note:
The location of security, reordering and in-sequence delivery functions need to be re-discussed as a result of moving the PDCP from SAE Gateway down to the eNB.

NOTE:
When compared to UTRAN, the lossless DL RLC PDU size change is not required.

Next Modified Section
10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink PDCP SDUs forwarded by the source eNB. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. 


Upon handover, the source eNB forwards uplink PDCP SDUs successfully received in-sequence to the SAE Gateway, forwards uplink PDCP SDUs received out-of-sequence to the target eNB and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink PDCP SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB. 
In-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN and is provided by the re-ordering function at the PDCP layer, which can be activated at least during inter-eNB mobility:
-
in the downlink, the re-ordering function at the UE PDCP layer guarantees in-sequence delivery of downlink PDCP SDUs;

-
in the uplink, the re-ordering function at the target eNB PDCP layer guarantees in-sequence delivery of uplink PDCP SDUs.
3
Example

For illustrating purposes, figure 1 below gives a snapshot of what could typically happen when a HO decision is taken in a source eNB:

-
In the downlink, SDUs 0, 1, 2, 3, and 4 were delivered to the eNB by the SAE GW. The eNB managed to transmit SDUs 0, 1, 2 and 4 to the UE but failed with SDU 3. The UE acknowledged SDUs 0 and 1 and delivered SDUs 0, 1 and 2. The transmitter buffer in the eNB contains SDUs 2, 3 and 4. The UE waits for SDU 3 and its RX buffer contains SDU 4.

-
In the uplink, SDUs a, b, c, d and e were delivered to the UE. The UE managed to transmit SDUs a, b, d and e to the eNB but failed with SDU c. The eNB acknowledged SDUs a and b and delivered them to the SAE GW. The transmitter buffer in the UE contains SDUs c, d and e. The eNB waits for SDU c and its RX buffer contains SDU d and e.
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Figure 1: Handover Example
For the HO procedure to be lossless in the downlink, the SDUs delivered by the SAE GW to the source eNB but not successfully transferred by the source eNB to the UE, must be transferred to the target eNB. This means that unacknowledged SDUs remaining in the TX buffer must be forwarded to the target eNB at HO. For the HO procedure to be lossless in the uplink, the SDUs not successfully transferred by the UE to the source eNB, must be transferred to the target eNB. This means that the UE should not flush its buffer at HO and unacknowledged SDUs remaining in the UE TX buffer must be sent to the target eNB. In the example depicted on Figure 1, SDUs 2, 3 and 4 are forwarded by the source eNB to the target eNB; and the transmission buffer of the UE contains SDUs c, d and e when entering the target eNB.

As discussed in [2], in order to avoid the duplication of SDUs at HO, status reports should be exchanged before moving to the new cell. Unfortunately, this may not always be possible (due to bad radio conditions) or even desired (due to additional delays in the HO procedure). So even though the occurrence of duplicates can be minimized it cannot always be avoided over the radio and the simplest solution is to introduce a function taking care of duplication avoidance. Such a function naturally requires the SN to be maintained. In the example depicted on Figure 1, the UE after entering the target cell will be able to discard SDUs 2 and 4 and the target eNB will be able to discard SDUs d and e.

For in-sequence delivery to be guaranteed at HO, the SDUs awaiting earlier ones in the receiver should not be forwarded to upper layers and discarded from the RX buffers. In addition, the sequence number must be maintained to allow the receiver to reorder the SDUs after HO. In the example depicted on Figure 1, by maintaining the RX buffers and SN, the UE can deliver SDUs 3 and 4 in sequence after receiving SDU 3 in the target cell, and the target cell can deliver forwarded SDUs c, d and e in sequence after receiving SDU c from the UE.
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