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1	Introduction
During the RAN2#95 meeting, RAN2 finished the down selection of "maintaining a connection to the source eNB solution". The “make before break handover solution” means the UE continues downlink and uplink with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB.
RAN3 had preliminary discussions on data forwarding for "maintaining a connection to the source eNB solution" in previous meetings. Some concerns were raised on data forwarding. This contribution discussed those concerns based on RAN2 conclusion on "maintaining a connection to the source eNB solution".
2	Discussion
The following concerns were raised for "maintaining a connection to the source eNB". 
· Data Duplication reception at the UE
· How to know the HFN corresponding to the next expected PDCP SDU in DL
· How to decide the receive Status Of UL PDCP SDUs in the target eNB
This contribution discussed the issues based on handover procedure. For SCG change, the same principle can be used. Figure 1 presents the eNB handover procedure, in which source eNB has PDCP SDUs with SN 10..15 in its buffer (i.e. not confirmed PDCP SDUs), whereupon PDCPs with SN 10..12 are already being transmitted when the RRC re-configuration message arrives. 
[image: forwarding]
Figure 1: Exemplary data forwarding with maintaining a connection to source eNB.
Data Duplication reception at the UE
After RRC Connection Reconfiguration message was sent to the UE, the source eNB can forward SDUs to the target eNB and sends the same SDUs to the UE simultaneously. The concern is that the UE may receive duplicated data in DL. 
[bookmark: OLE_LINK1]It can happen that a UE receives successfully PDCP SDUs e.g. with SN 10..13, while the same SDUs are also forwarded to the target eNB. However, once a UE finishes its handover procedure and sends the PDCP status report to the target eNB, the latter will detect and remove PDCP duplicates, if any. In fact, the same situation can also occur with a legacy handover when a UE successfully receives a PDCP SDU, but the RRC re-configuration message terminates process of sending an acknowledgement report to the source eNB. Therefore, the source eNB will forward the same data to the target.
Observation 1: DL data duplication reception at the UE can be avoided with the existing mechanism.

How to know the HFN corresponding to the next expected PDCP SDU in DL
Only PDCP SN is included in PDCP status report from the UE to the target eNB. There is no HFN information. How the target eNB can know the corresponding HFN needs to be discussed. 
In legacy handover, only the non-confirmed and non-transmitted packets in the source eNB are forwarded to the target eNB. The source eNB will not send more than half of the Tx window packets to the UE without getting an RLC ACK. When the target eNB receives the first missed PDCP SN in PDCP Status report, the first packet in the target buffer with the SN indicated by the FMS(First missed SN) is the packet that UE expected.
For enhanced handover, the source eNB will continue to receive UL ACK and continue to transmit DL packets after handover command. After the source eNB gets the RLC ACK, the source eNB can move its window. With the smaller PDCP SN range and PDCP SDU size, it is possible that the source eNB can send more than complete PDCP SN range packets to the UE during handover execution and forwards those packets to the target eNB. Then it is possible that there are two packets with the same SN that were already transmitted to the UE by the source eNB. When the target receives the FMS from the UE, the target will not know which packet in its buffer with the SN is not received yet by the UE. For example: 
· Assume that SN is 0…127 (7bit SN).
· At the time when sending the handover command to the UE, the source eNB has received RLC ACK up to SN=4, and has transmitted PDCP PDU’s up to SN=10, HFN=10.
· The source eNB forwards the packets (SN=5, HFN=10), (6, 10), … to the target eNB.
· Communication continues in source eNB, and source eNB can move its window when it receives RLC ACK. If the source eNB continues transmitting packets to the UE until e.g. (SFN=6, HFN=11) . The target eNB will have two packets in its buffer with SN=5 and SN=6 which has attempted transmitted to the UE by the source.
· Later when the target eNB receives FMS=5 from the UE in PDCP Status report. The target eNB will not know which packet is the next expected by the UE e.g. (SN=5, HFN=10) or (SN=5, HFN=11).
If the source eNB transmits to the UE maximum data is PDCP SN range -1 (e.g. 127 in above example) from the first forwarded data, then the first packet in the target buffer with the FMS reported by the UE will be the next expected PDCP SDU expected by the UE. E.g. the maximum data transmitted to the UE by source is until (PDCP SN=3, HFN=11). Later, when the target receives PDCP status report with FMS, the FMS will be within (SN=5, HFN=10)… (SN=3, HFN=11) if not all the packets transmitted by source are received by the UE or will be (SN=4, HFN=11) if all the packets transmitted by source are received by the UE. Even if there is (SN=5, HFN=11) packet in the target buffer, the target will know it is not this packet if the SN=5 in PDCP Status report  is received from the UE. Because the packets from (SN=4, HFN=11) are not transmitted to the UE by source eNB.
In order to keep inter-operability of different eNBs e.g. how far the source eNB is allowed to progress, we would have to specify a rule. Otherwise, there are inter-operability issues if we leave it completely up to network implementation and one network vendor is using a different assumption from another vendor.
If the source eNB will not transmit to the UE more than PDCP SN range-1 packets from the first forwarded data to the target eNB before UE Context Release, there are no packets with the same SN in the target buffer which were transmitted to the UE by source eNB. Then, the first packet in the target buffer with the SN indicated by the UE in PDCP status report will be the next expected one to be sent to the UE. This can assure inter-operability between multi-vendor eNBs.
Proposal 1: It is proposed to specify a condition in stage 2 that the source eNB will not transmit to the UE more than PDCP SN range-1 packets from the first forwarded data to the target eNB before UE Context Release message.

How to decide the receive Status Of UL PDCP SDUs in the target eNB 
The source eNB sends the “Receive Status Of UL PDCP SDUs” to the target eNB by SN Status Transfer message. After that, the source eNB may continue to receive PDCP SDUs from the UE and forward the received data to the target eNB. Then the concern is that the “Receive Status Of UL PDCP SDUs” received from the source eNB may not be valid anymore. Actually, the target eNB will decide the receive Status Of UL PDCP SDUs based on not only “Receive Status Of UL PDCP SDUs” received in SN Status Transfer message but also the PDCP SDUs forwarded from the source eNB. The target eNB also needs to check the actual PDCP SDUs forwarded from the source in legacy handover procedure e.g.  in order to in sequence transmit data to the SGW. In another case, some PDCP SDUs may be lost over X2 during data forwarding but the same PDCP SDU indicated as “received” according to the “Receive Status Of UL PDCP SDUs” IE. So to check both “Receive Status Of UL PDCP SDUs” and actual received PDCP SDUs forwarded from the source eNB will solve the problem and this may also be needed in the legacy behaviour. Once the target eNB decides the receive Status Of UL PDCP SDUs, it can inform the UE by PDCP status report.
Observation 2: The target eNB can decide the receive Status Of UL PDCP SDUs based on not only “Receive Status Of UL PDCP SDUs” received in SN Status Transfer message but also the PDCP SDUs forwarded from the source eNB.

To support the maintain source eNB connection solution, the source eNB can sends SN Status Transfer message to the target eNB just after “RRC Connection Reconfiguration” message or smartly delay some time. Either is allowed based on the specification. The source eNB doesn’t know exactly when the UE will stop UL transmission and DL reception. It is possible that the UE is still in transmission/reception after SN Status Transfer message. If the source eNB freeze its buffer as in legacy (refer below text abstracted from TS36.423)., the UE may unnecessarily transmit the data even though the source already froze its buffer. 
[bookmark: OLE_LINK7]The source eNB initiates the procedure by stop assigning PDCP SNs to downlink SDUs and stop delivering UL SDUs towards the EPC and sending the SN STATUS TRANSFER message to the target eNB at the time point when it considers the transmitter/receiver status to be frozen. The target eNB using Full Configuration for this handover as per TS 36.300 [15] shall ignore the information received in this message.
In order to allow receiving/transmiting data during handover execution and maximize the resource utility, it is better to remove the highlighted condition. Then the source eNB can continue transmit/receive data to/from the UE after SN Status Transfer message.
Proposal 2: It is proposed to remove the condition that the source eNB freezes the transmitter/receiver status when the source eNB initiates SN Status Transfer procedure.
3 Conclusion
In this paper we have analyzed the potential data forwarding issues for maintaining source connection solution and have the following observations and proposals. 
Observation 1: DL data duplication reception at the UE can be avoided with the existing mechanism.
Proposal 1: It is proposed to specify a condition in stage 2 that the source eNB will not transmit to the UE more than PDCP SN range-1 packets from the first forwarded data to the target eNB before UE Context Release message.
Observation 2: The target eNB can decide the receive Status Of UL PDCP SDUs based on not only “Receive Status Of UL PDCP SDUs” received in SN Status Transfer message but also the PDCP SDUs forwarded from the source eNB.
Proposal 2: It is proposed to remove the condition that the source eNB freezes the transmitter/receiver status when the source eNB initiates SN Status Transfer procedure.
A correspondingly CR for Proposal 1 and Proposal 2 are in [3][4]. 
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