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1
Introduction
In RAN2#105 meeting RAN2 made the following agreements related to data forwarding of non-split bearer solution [1].

Agreements

1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

3
Agree the following common aspects for “non-split bearer” solution candidate:

a.
PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.
4
RAN2 is asked to work further on the details of the following open issues:

b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO

For conditional handover, we also had some agreement.

Agreements

4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.

And one FFS was left to be addressed for non-split bearer solution:
=>FFS How to do data forwarding (early/late, including handling the SN, security, CHO impact)

In this paper we further discuss the possible procedure for data forwarding.
2
Discussion
Basically we have two options on the table, i.e. early and late data forwarding.

Early data forwarding

Early data forwarding is adopted in legacy handover, the data forwarding is performed after handover command is sent to UE. Because once the handover command is sent to UE, the UL and DL data transmission are stopped, so all the left UL and DL data need to be transfer to target eNB.
But in non-split bearer solution, the data transmission between UE and source eNB is still going on during and after RACH procedure towards target eNB. This is the key difference that has impact on the design of data forwarding mechanism. The basic early data forwarding procedure is as illustrated in figure 1.
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Figure 1 early data forwarding
When the data forwarding is executed the SN status transfer message is also needed to be sent to target eNB, because only PDCP SN information is carried in GTP-U extension header so that target eNB can know the whole COUNT value only by an explicit indication included in SN status transfer message. If the available SN status transfer message is not used, a COUNT value may have to be added in GTP-U header, which need more specification changes.
After UE performs RACH procedure successfully, a RACH complete indication needs to be sent to source eNB from target eNB, then a second SN status transfer message can be sent to target eNB to indicate the COUNT value of the first SDU that need to be sent to UE by target eNB. Since after data forwarding is triggered downlink transmission is still going on between UE and source eNB, some forwarded data may have been transmitted successfully by source eNB. To avoid unnecessary duplicated data transmission, it is necessary to indicate a start COUNT value for downlink transmission of target eNB.

Although in legacy handover a PDCP status report can be used to inform the missing PDCP SDU to target eNB from UE, but the same issue exists as in GTP-U extension header that only PDCP SN is indicated in PDCP status report. So there may be a confusion which HFN should be used with the reported missing SN, which means the COUNT value of first missing SDU cannot be determined only by SN information. Because source eNB may have transferred more SDU than that SN range can accommodate, so for one SN number there may be more than one SDU, target eNB cannot know which one is the expected one. Although PDCP status report can be enhanced to include COUNT information, it is better to reuse available message to do the same thing.
Observation 1: in early data forwarding two separate SN transfer messages are needed to be sent to target eNB form source eNB, one for indicating the initial count value, the other one for indicating the first PDU that need to be sent to UE.

Observation 2: the second SN transfer message should be sent after successful RACH to target eNB. 
Observation 3: legacy PDCP status report cannot provide COUNT information, which may make it difficult to determine which SDU is the expected missing one in case there are more than one SDUs for one SN number.
Late data forwarding

Late data forwarding should be triggered after successful RACH procedure towards target eNB, the basic procedure is illustrated in figure 2.
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Figure 1 late data forwarding
After source eNB receives RACH complete indication, it starts to forward data and send SN status transfer message, then the target eNB can start to transmit data to UE from the first forwarded PDCP SDU. The procedure is more like current mechanism except for a new RACH complete indication, less specification impact is foreseen.
Observation 4: in late date forwarding the date forwarding and SN transfer message should both be sent to target eNB from source eNB after successful RACH to target eNB.
From delay perspective these two options are same, because even if data forwarding is performed early, e.g. immediately when the CHO target cells become prepared, target eNB still need to wait the second SN status transfer message to start downlink transmission.

Observation 5: from delay perspective, early data forwarding and late data forwarding are the same.
Base on the analysis above, we can see that
1. Early data forwarding and late data forwarding have the same forwarding delay.
2. There is less specification impact of late data forwarding compared to early data forwarding.
3. In CHO it is considered more suitable to adopt late data forwarding in case of more candidate target cells.
So we have the following proposal
Proposal 1: adopt late data forwarding in non-split bearer handover, i.e. source eNB starts data forwarding after UE successfully completes RACH to target eNB. 

4
Conclusions
This contribution has discussed data forwarding mechanisms, and we have the following observations:

Observation 1: in early data forwarding two separate SN transfer messages are needed to be sent to target eNB form source eNB, one for indicating the initial count value, the other one for indicating the first PDU that need to be sent to UE.

Observation 2: the second SN transfer message should be sent after successful RACH to target eNB. 
Observation 3: legacy PDCP status report cannot provide COUNT information, which may make it difficult to determine which SDU is the expected missing one in case there are more than one SDUs for one SN number.
Observation 4: in late date forwarding the date forwarding and SN transfer message should both be sent to target eNB from source eNB after successful RACH to target eNB.
Observation 5: from delay perspective, early data forwarding and late data forwarding are the same.
And we propose:
Proposal 1: adopt late data forwarding in non-split bearer handover, i.e. source eNB starts data forwarding after UE successfully completes RACH to target eNB. 
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