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1 Introduction
The current stage 2 TS for E-UTRA [1] still has a few open items in the area of data handling during handovers (HOs). In this contribution, we propose some solutions for these open items. Specifically, we address re-ordering and SDU discard in both the DL and the UL. We also propose not to have a separate type of bearer that is “more lossy”.
The rest of this contribution is organized as follows. In section 2, we present our view on the concept of ‘more loss’ bearers. Section 3 describes our proposals on re-ordering and SDU discard in the UL during Handovers. The DL aspect of re-ordering and SDU discard is discussed in section 4, and we conclude in section 5.

2 “More loss” bearers

In order to keep the protocol simple, we propose not to have a different type of bearer to be handled differently than the lossless bearers during HOs. The main benefit of a lossy bearer is that the network (and the UE) can simply reset their states without much state transfers. Also, some buffering and forwarding requirements are reduced. Given that HO break times are expected to be low, and of the order of few 10s of milliseconds (<50 ms), we expect the buffering requirements to be not very significant. Also, since the state keeping will be required for the lossless bearers, this already existing functionality can be re-used for all the bearers.   
Bearers/Flows also have an inherent packet expiry timer in the sense that a packet for a flow may become useless if not delivered within a certain timeout. For example, a voice packet may not be useful if delayed too long. In this sense, all bearers are lossy to a certain extent. We propose that the Handover data handling process does not cause any additional packet loss in the process itself. If the Handover takes a long time, the bearer packet drop process may drop some packets, but the Handover data handling should attempt to deliver all packets.
Proposal 1: There is only one type of bearer for data handling during handovers: the lossless/low-loss type.
3 Re-ordering and SDU discard in the UL

For data transmission in the UL during handover, a UE is expected to buffer the arriving PDCP SDUs during the handover break time. The UE is also expected to buffer the PDCP SDUs which have been attempted transmission in the source cell, but have not been acknowledged. Some of these may be received correctly, and a PDCP status report may come from the target eNB after the completion of the HO that indicates the reception status of all SDUs attempted and not ACKed. However, the PDCP status report from the target eNB is optional, and may come some time after the HO is complete. Since the status report may or may not come, and may be delayed, RAN2 should define the operating procedure with respect to PDCP SDUs being discarded/dropped and re-ordered at the peer entity.

In [2], a re-order mechanism based on timers is proposed for RLC re-ordering and forwarding to the higher layers. Since the PDCP will be doing during handovers what the RLC does in non-handover circumstances we propose to re-use RLC re-ordering and discard mechanisms in PDCP during handovers. Obviously, some of the parameters such as the actual timeouts may need to change to accommodate break times during handovers. Such re-use of PDCP mechanisms helps achieve a simple implementation by reducing the components and mechanisms involved. Thus, we propose the following for UL data handling in the PDCP during handovers.
PDCP Sequence numbers:
The next sequence number to use by the UE for UL transmission in the target cell is easy to decide since the UE knows the last PDCP sequence number it attempted transmission in the source cell. Some of the PDCP packets attempted in the source cell may not be received by the source eNB, but the status reporting and re-ordering mechanism at the target cell takes care of that.
Proposal 2: The UE uses the next sequence number for the first UL transmission in the target cell after the last attempted transmission in the UL in the source cell. 

The packets that have never been attempted transmission in the source cell may be transmitted in the target cell without waiting for any status reports.

Proposal 3: PDCP SDUs that have never been attempted transmission in the source cell may be transmitted in the target cell immediately after handover completion, and without any waiting for PDCP status reports. 

Proposal 4: The PDCP SDUs that have been attempted transmission in the source cell, but not acknowledged with any status report, neither ACK nor NACKs, shall wait for a PDCP status report in the target cell before they are transmitted to the target cell.

The PDCP status report from the target cell is transmitted based on the report received by the target cell from the source cell. This report may get delayed, or may not come, or may not have any information about the last few PDCP SDU transmissions in the source cell that are lost. This depends on X2 delay, and the characteristics of packet losses in the source cell. In any case, the PDCP SDUs stored at the UE would need to be discarded or re-attempted in the target cell after some time, if their reception status at the source cell is not known by the UE. We propose that after a timeout all PDCP SDUs whose status is not known are assumed not received correctly, and re-transmitted in the target cell.
Proposal 5: PDCP SDUs that have been attempted in the source cell but without any status of reception known are re-transmitted in the target cell after a timeout waiting for a PDCP status report from the target cell. If a PDCP status report is not received within a time out after the completion of HO, all such SDUs with status unknown are retransmitted in the target cell. If a PDCP status report is received in the target cell within the timeout, but does not have any reference to the last few attempted transmissions, these are inferred lost, and are re-transmitted in the target cell.

Proposal 6: UL PDCP SDUs are discarded at the UE once they are known received through status reports, or are dropped due to packet lifetime expiry.
Proposal 7: The PDCP at the target eNB performs re-ordering of the UL PDCP SDUs during HO. Any out of order received PDCP SDUs are forwarded to the target cell. At the target cell, the PDCP re-ordering function operates similar to the usual RLC re-order function, based on timers. The timers are started only after receiving the out of order PDCP packets from the source cell, and the completion of HO.
4 Re-ordering and SDU discard in the DL

Similar to the UL data handling, we propose the following for DL data handling. It has already been accepted that the source cell indicates to the target cell, the next PDCP sequence number to assign to the incoming PDCP SDUs from the S-GW. Also, the PDCP SDUs coming forwarded from the source cell have sequence numbers associated with them. The source cell also forwards only SDUs whose status is not confirmed as successfully received. Before the target cell may transmit the forwarded SDUs that have been attempted transmission in the source cell, it should wait for the PDCP status report from the UE. This avoids duplicate transmissions on the expensive radio resource.
Proposal 8: The source cell indicates to the target cell whether or not each of the forwarded PDCP SDUs were attempted in the source cell.

Proposal 9: The target cell can transmit PDCP SDUs that have never been attempted transmission without waiting for any PDCP status report from the UE, and immediately after HO is complete.

Proposal 10: For packets that have been attempted transmission in the source cell but whose status at the UE is not known, the target cell waits for a PDCP status report from the UE until: the UE transmits the first data packet belonging to a non time critical radio bearer, or a timeout if there is no non-time critical radio bearer. If no PDCP status report is sent from the UE before transmitting the non-time-critical data or timeout, it is assumed that no HO related PDCP status report is going to be transmitted.
Proposal 11: If no PDCP status report is received from the UE as in proposal 10, the target cell re-transmits the forwarded PDCP SDUs in its cell. If a HO related PDCP status report is received by the target cell, but it does not contain any information on some of the sequence numbers, they are assumed not received correctly at the UE, and are re-transmitted.

Proposal 12: DL PDCP SDUs are discarded at the target cell either if their successful reception is inferred or if the packet lifetime expires before a successful reception.

In order to reduce latencies, and use the radio channel as much as is available, we propose that the target eNB does not wait for the PDCP status report to perform re-ordering and then transmit. We propose that the UE PDCP perform the re-ordering using a mechanism similar to the RLC.

Proposal 13: The PDCP at the UE performs re-ordering of the DL PDCP SDUs using a mechanism similar to that used by the RLC. The timers used by this mechanism are frozen while the HO is in progress, and until a PDCP status report is sent, if sent.
5 Conclusion
In this document, we proposed several solutions to the open issues in the area of data handling during handovers. We propose to include the acceptable proposals in stage 2 of E-UTRA specification.
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