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1.
Introduction
Following can be found in TS25.813.

9.1.7
Network aspects

Upon handover, the source eNB forwards all downlink RLC SDUs, starting from the first SDU that has not been successfully received by the UE, to the target eNB. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits all downlink RLC SDUs forwarded by the source eNB. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. Support of re-ordering of downlink RLC SDUs during handover, which either the target eNB or the UE could provide (e.g. based on PDCP sequence numbers), is FFS. The optimisation, to only re-transmit the downlink RLC SDUs not successfully received by the UE, is FFS.

Upon handover, the source eNB forwards all successfully received uplink RLC SDUs to the aGW and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink RLC SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB neither forwards uplink RLC SDUs nor the uplink RLC context to the target eNB. If needed, the PDCP within aGW may support re-ordering of uplink RLC SDUs during handover (operator control).

According to above statement, it is to be decided whether the target eNB and the UE to transmit redundant RLC SDUs. In other words, whether to re-transmit successfully delivered RLC SDU is still unclear. In our view, because a UE during a handover procedure is located in the cell edge where radio conditions are not best, unnecessary transmission should be minimized for better QoS.
2.
Discussion
2.1 SDU Handling for UL
According to the current specification, UE RLC is required to retransmit all the RLC SDUs that are not acknowledged by source eNB. A UE has to retransmit all the unacknowledged RLC SDUs even if they are successfully received at the source eNB. Though it depends on the update frequency of the status report, this will cause un-negligible inefficiency in terms of use of radio resources. 
Also, current agreed approach causes additional delay. Because a UE in handover procedure is located at cell edge, the available maximum throughput is limited and the uplink power of the UE may also be limited. In this case, putting unnecessary burden on the UE will reduce effective data rate and user will experience more delay in their application.

Furthermore, the approach causes a UE to store even successfully acknowledged SDUs because the SDUs can be subjected to inter-eNB handover. This is not a desirable approach because this puts much severe requirement on the UE memory management.

The entire problem described above comes from the fact that UE does not have up-to-date information regarding eNB’s reception of UL traffic. If a UE can have information regarding all the successfully received RLC SDU in the source eNB, the UE will be able to transmit only SDUs that are not successfully transmitted to the source eNB.
One method to make UE aware of the reception status of the source eNB is that after sending handover command, source eNB informs target eNB of information regarding the SDUs that are successfully decoded and delivered to aGW. Then, the target eNB relays the information to the UE by including it into the response message to handover complete message from the UE. By using this information, the UE can transmit only RLC SDUs that are not acknowledged by source eNB. This will be somewhat similar to the case of WCDMA where RRC exchanges PDCP SN. 
Regarding reordering in the aGW, the target eNB should deliver RLC SDUs that are not received by the aGW as soon as possible. In case of inter-eNB handover, because source eNB forwards all the successfully received RLC SDUs to the aGW even if there are gaps in the stream, the aGW has to perform re-ordering using RLC SDUs from both source eNB and target eNB. Unless the target eNB immediately forwards the RLC SDUs within the gaps to the aGW, the delay experienced by the user will be longer or timeout will occur, impacting QoS. To let the target eNB immediately deliver the RLC SDUs that belong to the gap to aGW, the target eNB can use uplink status information. Based on this information, target eNB can decide whether to perform in-sequence delivery for the successfully received RLC SDU or not.
Conclusion:
Source eNB delivers UL status report to target eNB. Target eNB delivers this information to UE.

When a UE is not in handover area, RLC in eNB performs in-sequence delivery of RLC SDUs to upper layer. Because S1 interface does not guarantee in-sequence delivery of data, reordering of PDCP PDUs that are delivered from the eNB to the aGW should be performed also in the aGW. This timer value for reordering buffer in the aGW will be quite small because the jitter is only caused by S1.

In the case of handover situation, the reordering entity in the aGW should consider handover interruption time. Naturally, the timer value used in this case should be longer than the timer value used in non-handover case. Applying longer timer value also for the non-handover situation will cause unnecessary delay in the user data delivery. Accordingly, aGW has to know when to apply the longer timer value.
For this purpose, a source NB needs to notify aGW regarding handover status. I.e, after sending handover command to the UE, source eNB notifies ongoing handover procedure to aGW. After this notification, aGW applies longer value for reordering purpose. To stop the use of longer value, the aGW can use the signalling from target eNB. After receiving path switch request from target eNB and some time elapses, the aGW can start using short value for reordering.
Conclusion:

Source eNB delivers UL status report to target eNB. Target eNB delivers this information to UE.
2.2 SDU Handling for DL

Overall, the support for handover procedure should not impose any unnecessary burden on a UE. In this sense, the requirement for buffer management should be minimal. Because of in-sequence delivery requirement for RLC SDUs, the RLC in the UE manages the reordering functionality. As such, requiring another reordering functionality in the PDCP entity in addition to RLC entity should be avoided if possible. 
Furthermore, if there is PDCP level reordering in the UE, whenever RLC succeeds in recovering RLC SDU, RLC needs to decide whether to forward the RLC SDU to upper layer without RLC level reordering or to send Status Report. Because this increases UE complexity, PDCP reordering in the UE is undesirable.
If PDCP PDU reordering is not done in the UE, the target eNB should ensure the in-sequence delivery of PDCP PDUs. So, during handover procedure, the target eNB needs to perform reordering of RLC SDUs from aGW and RLC SDUs from source eNB. One concern for this operation is that radio transmission to the UE stalls until reordering is done in target eNB. But even when there is no ongoing handover procedure, the eNB has to perform reordering because there is jitter over S1. And because scheduling decision is made by eNB and eNB has less power problem than UE, the interruption in DL during inter eNB handover can be made small by allocating more radio resources. Thus, PDCP PDU reordering is not necessary in UE.
Conclusion:

PDCP level reordering in the UE is not supported
In the current specification, it is FFS whether to only re-transmit the downlink RLC SDUs not successfully received by the UE. Though eNB has control over used radio resources for the UE and can allocate enough resource for the UE, transmitting all the RLC SDU forwarded from source eNB without checking whether the UE has received or not may be waste of radio resource.

In fact, during handover procedure between different eNBs, the target eNB will not start transmission until the UE accesses the target cell. Only after receiving Handover Complete message, the interruption of downlink transmission continues. In this case, the Handover Complete message sent by the UE can be used to notify the target eNB of the last in-sequence RLC SDU number. I.e, when a UE accesses a new target cell, the UE can include the highest sequence number of the RLC SDU that it has received correctly in sequence into the Handover Complete message for each RLC entity. This information can help the target eNB to decide which RLC SDUs to send. Because the information from the UE is small, the overhead in the message is small and the processing load in the target eNB also will be small. In this case, the UE needs to discard all the RLC SDU after the highest in-sequence SN and the related RLC PDU. Unless, duplicated RLC SDU may be delivered or incorrect reassembly of RLC SDUs may occur.
Conclusion:

UE informs target eNB of the SN of the RLC SDU that was last received in-sequence from the source eNB.
2.3 SDU Handling Procedure

Following is a flow chart of handover procedure according to the previous discussions.
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Below is more detailed description of the intra-MME/UPE HO procedure:

1
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

2
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE. The eNB prepares target eNB for handover and passes relevant information in the Handover Request.

3
Target eNB prepares HO with L1/L2 and responds to source eNB by providing new C-RNTI and possibly some other parameters i.e. access parameters, SIBs, etc.  After reception of accepted preparation of HO, source eNB starts forwarding data packets to target eNB.

4
UE receives HANDOVER COMMAND with necessary parameters i.e. new C-RNTI, possible starting time, target eNB SIBs etc. It is probable that UE needs to acknowledge reception of the HO COMMAND with RLC acknowledgment procedure.
4a
Source eNB informs target eNB of information regarding the SNs of UL RLC SDUs that are forwarded to aGW.
4b
Source eNB informs aGW that inter eNB handover is ongoing. 
5
After expiry of starting time in HO COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

6
Network responds with UL allocation and timing advance.  These are used by UE to send HANDOVER CONFIRM to the target eNB, which completes handover procedure for the UE. It is probable that NW needs to acknowledge reception of the HO CONFIRM with RLC acknowledgment procedure. The UE includes next expected in-sequence SN of DL RLC SDU into HANDOVER CONFIRM message. 
6a Target eNB informs UE of information regarding UL RLC SDUs that are successfully received in the serving eNB.
7a
Target eNB informs success of HO to source eNB, which can then clear already forwarded data from its buffers. Source eNB still continues forwarding UE data if it has some in its buffers or if UPE still forwards data to it.

7b
UE location information is updated to MME/UPE in order to enable UPE to forward packets directly to target eNB 
Note: It is FFS whether SN of RLC SDU is used or SN of PDCP PDU is used.
3.
Proposal
It is proposed to agree on the following text proposal:
************************************ Text Proposal **********************************************

9.1.5
Handover

The intra E-UTRAN HO in RRC_CONNECTED state is UE assisted NW controlled HO, with HO preparation signalling in E-UTRAN. The Figure below depicts the basic handover scenario where neither MME nor UPE changes:
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Below is more detailed description of the intra-MME/UPE HO procedure:

1
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

2
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE. The eNB prepares target eNB for handover and passes relevant information in the Handover Request.

3
Target eNB prepares HO with L1/L2 and responds to source eNB by providing new C-RNTI and possibly some other parameters i.e. access parameters, SIBs, etc.  After reception of accepted preparation of HO, source eNB starts forwarding data packets to target eNB.

4
UE receives HANDOVER COMMAND with necessary parameters i.e. new C-RNTI, possible starting time, target eNB SIBs etc. It is probable that UE needs to acknowledge reception of the HO COMMAND with RLC acknowledgment procedure.
4a
Source eNB informs target eNB of information regarding the SN of UL RLC SDUs that are forwarded to aGW.

4b
Source eNB informs aGW that inter eNB handover is ongoing. 
5
After expiry of starting time in HO COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

6
Network responds with UL allocation and timing advance.  These are used by UE to send HANDOVER CONFIRM to the target eNB, which completes handover procedure for the UE. It is probable that NW needs to acknowledge reception of the HO CONFIRM with RLC acknowledgment procedure. The UE includes next expected in-sequence SN of DL RLC SDU into HANDOVER CONFIRM message. 

6a Target eNB informs UE of information regarding UL RLC SDUs that are successfully received in the serving eNB.
7a
Target eNB informs success of HO to source eNB, which can then clear already forwarded data from its buffers. Source eNB still continues forwarding UE data if it has some in its buffers or if UPE still forwards data to it.

7b
UE location information is updated to MME/UPE in order to enable UPE to forward packets directly to target eNB 
Note: It is FFS whether SN of RLC SDU is used or SN of PDCP PDU is used.
9.1.7
Network aspects

Upon handover, the source eNB forwards all downlink RLC SDUs, starting from the first SDU that has not been successfully received by the UE, to the target eNB. The source eNB discards any remaining downlink RLC PDUs. In the new cell, the UE sends information regarding sequence number of RLC SDU that is expected to be received at the UE The target eNB re-transmits all downlink RLC SDUs forwarded by the source eNB starting from the reported sequence number. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. Support of re-ordering of downlink RLC SDUs during handover is done in the target eNB.

Upon handover, the source eNB forwards all successfully received uplink RLC SDUs to the aGW and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink RLC SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB forwards the uplink RLC context to the target eNB. And the target eNB informs a UE of information regarding successfully received RLC SDUsThe PDCP within aGW supports re-ordering of uplink RLC SDUs during handover (operator control).
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