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Introduction
In RAN2#105 meeting, some details for split-bearer and non-split bearer solution to support simultaneous connectivity during HO were discussed and following agreements were made regarding data forwarding:
Agreements

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:
a.	When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side
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 
Following issues were identified:
=>FFS how security asepcts are handled and whether changes to LTE baseline are needed.
=>FFS whether there is single active protocol stack or two simultaneously active protocol stacks 
=>FFS how to detach from the source cell (seen from the NW’s side and UE’s side)
=>FFS How to do data forwarding (early/late, including handling the SN, security, CHO impact)
In RAN2#106 meeting, the solution of Dual active with specified capability coordination [1] was agreed to minimize the handover interruption.  
Agreements

1	We will not specify single active protocol stack solution (option 0/1/2)

2	We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized and UE capabilities are exceeded (we may leave this up to UE implementation).
In this contribution, we discuss how to do data forwarding and SN information delivering for dual active protocol stacks. 
Discussion
2.1 Basic HO and Rel-14 MBB HO
During HO, both UL and DL PDCP SDUs need to be forwarded from the source eNB to the target eNB.  In DL, the source eNB may forward to the target eNB all PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source eNB may also forward fresh data arriving over S1 without a PDCP SN to the target eNB. In UL, the source eNB forwards to the target eNB the uplink PDCP SDUs received out of sequence. Generally, there are two types of PDCP SDUs forwarded from the source eNB to the target eNB:
· PDCP SDUs without SN (DL)
· PDCP SDUs with SN (DL and UL)
Observation 1: During HO, two types of PDCP SDUs are forwarded from the source eNB to the target eNB, i.e. DL PDCP SDUs without SN and DL/UL PDCP SDUs with SN. 
In both basic HO and Rel-14 MBB, when the source eNB starts SN status transfer procedure, the source cell has already detached from the UE and there is no data transmission/reception with the UE.  So the source cell knows exactly from which SN the target cell can use for DL PDCP SDU and from which SN the target eNB expect to receive the UL PDCP SDU. 
Observation 2: In basic HO and Rel-14 MBB HO, the source eNB sends SN status transfer message to target eNB after it stops data transmission/reception with the UE. 
In the basic HO procedure, the source eNB sends the SN status transfer message to the target eNB to convey the UL PDCP SN and HFN status and the DL PDCP SN and HFN status.  
For DL, the SN status transfer indicates the next PDCP SN that the target eNB shall assign to new SDUs, not having a SN yet. Those new SDUs includes the PDCP SDUs which are forwarded from the source eNB and the PDCP SDUs received from the S-GW. The target eNodeB should first deliver all forwarded packets to the UE before delivering the packets received from the S-GW. Therefore, it will be left to the target eNB to assign the SN for those PDCP SDUs without SN forwarded from the source eNB. 
Observation 3: For the forwarded PDCP SDUs without SN, target eNB assigns SN to them according to the SN status transfer message. 
For UL, the SN status transfer includes at least the SN of the first missing PDCP SDU. If there are out of sequence PDCP SDUs, a bit map for those SDUs will also be included. 
For the PDCP SDUs with SN, the PDCP SN is carried in the "PDCP PDU number" field of the GTP-U extension header. The target eNB uses the PDCP SN if it is available in the forwarded GTP-U packet.
Observation 4: For the forwarded PDCP SDUs with SN, the PDCP SN is carried in the GTP-U extension header. 
The same principle is applied to Rel-14 MBB HO, although it’s the source eNB decides when to stop data transmission/reception with the UE.  
2.2 Early/Late Data Forwarding
In RAN2#105 meeting, data forwarding for conditional HO was discussed. RAN2 assumes late packet forwarding could be suitable for CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early data forwarding should be considered an option. Late data forwarding means that the source eNB doesn’t perform data forwarding immediately when the candidate cells become prepared. However, when to perform the late data forwarding for conditional HO is FFS. The early data forwarding means that the source eNB may perform data forwarding when the candidate cell is prepared.  Since conditional HO is targeted for mobility robustness, the mobility interruption is not intended to be optimized.  Therefore, late data forwarding is assumed as baseline. 
Observation 5: Conditional HO assumes late data forwarding could be suitable, because the optimization goal is mobility robustness instead of mobility interruption. 
In order to reduce the HO interruption, ‘non-split’ bearer solution will be used. It was agreed that 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.  In order to minimize the HO interruption, the PDCP SDUs forwarded from the source eNB should be transmitted by the target eNB when RA towards the target cell is successfully completed. It requires that the availability of the DL packets for different DRBs at the target eNB should be earlier than completion of RA procedure. 
Considering the latency over X2 interface, it implies the source cell should start data forwarding immediately upon transmission of HO command to the UE. Otherwise, there is a risk that UE need to wait for a while for the data available at the target eNB for transmission, which is forwarded from the source eNB to the target eNB. The benefit of simultaneous connectivity during HO can’t be fully achieved if the data forwarding is delayed.    
Although how to perform data forwarding needs to be discussed in RAN3 and may reply on network implementation,  RAN2 should determine the requirements on data forwarding to reduce the HO interruption, i.e. the DL packets forwarded from the source eNB should be available when RA procedure towards the target cell is successfully completed. 
The same requirement should also be applied to conditional HO without sacrificing the performance of mobility interruption. Otherwise, different data forwarding mechanisms need to be considered for simultaneous connectivity during HO and conditional HO.
Observation 6: UE needs to wait for the DL packets from the target eNB if data forwarding from the source eNB is performed after RA procedure succeeds, which introduce additional interruption. 
Proposal 1:  The DL packets at the target eNB should be available when RA procedure towards the target eNB is successfully completed. 
2.3 SN Handling for the Forwarded SDUs
Different from basic HO and Rel-14 MBB HO, the source cell needs to continue data transmission with the UE when performing data forwarding to the target cell. How to deliver the SN information for those forwarded SDUs to the target eNB should be considered. Same as basic HO, SN information delivered by SN status transfer and the GTP-U extension header can be considered.  One example is illustrated in Fig. 1.


Fig 1 Data forwarding with SN STATUS TRANSFER / GTP-U Header
· Option 1: SN status transfer
· The source eNB sends SN status transfer message to the target eNB and forwards all the DL packets received from the S-GW to it. In the meanwhile, the same DL packets forwarded to the target cell will be transmitted to the UE by the source eNB. 
· Since all the DL packets received from the S-GW are forwarded to the target cell in duplication, PDCP status report should be provided by the UE immediately upon connection with the target cell is established to avoid duplicate transmission of the same PDCP SDUs from the target cell. If the DL transmission at the target cell is only triggered by the status report, the latency to send the status report should be minimized to reduce the HO interruption. 
· Many DL packets may be forwarded from the source cell to the target cell unnecessarily and uselessly, which are finally discarded. 
How to minimize the latency for PDCP status report transmission should be considered in RAN2 if this option is considered. 
Observation 7: In solution with SN status transfer, many DL packets are forwarded from the source eNB to the target eNB unnecessarily and uselessly. The latency to send the status report should be minimized. RAN2 needs to consider how to minimize the latency for PDCP status report. 
· Option 2: GTP-U extension header
· In this option, the source cell forwards PDCP SDUs together with the corresponding SN to the target cell. 
· Same as the normal HO, the PDCP SN of forwarded SDUs is carried in the "PDCP PDU number" field of the GTP-U extension header. The target eNB shall use the PDCP SN in the forwarded GTP-U packet. 
In this option, the immediate PDCP status report from the UE is not needed, since duplicated data forwarding is avoided.  RAN2 agreed that 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. It’s very straightforward that the source eNB send the SN information directly in the GTP-U header together with the PDCP SDU. The target eNB use assigned PDCP SN. 
Then the final SN status transfer procedure can be performed when the network decides to detach the UE from the source cell and relocate the SN assignment function from the source eNB to the target eNB. 
Observation 8: In the solution with GTP-U extension header, the immediate PDCP status report from the UE is not required.  A final SN status transfer procedure is needed when UE detaches from the source cell. 
2.4 Applicability in Dual Active Protocol Stacks
Generally, both of the options (i.e. SN status transfer and GTP-U extension header) to deliver SN information for the forwarded SDUs are workable for DAPS.
In dual active protocol stack, the UE is not required to detach from the source eNB immediately after setting up the connection with the target eNB. It implies that the time duration for data forwarding from the source eNB to the target eNB is not restrictively limited and more flexible. So UE is not required to detach from the source eNB and sends the PDCP status report as early as possible. Therefore, data forwarding with GTP-U header is favourable in dual active protocol solutions. 
Observation 9: Data forwarding with GTP-U header is favourable in dual active protocol solution. 
The comparison of SN status transfer and GTP-U header is summarized in Table 1. From RAN2 aspect, option2 is simpler than option1.
Table 1 Comparison on SN information delivery
	SN information delivery
	Cons
	Pros

	SN status report
	· Duplicated data forwarding to target eNB
· Requires PDCP status report to be sent as early as possible after setting up the connection with the target eNB
	

	GTP-U extension header
	· A final SN status transfer procedure is needed when UE detaches from the source cell
	· No duplicated data forwarding to target eNB
· No restrict requirement on PDCP status report 


Proposal 2:  Consider both SN status report and GTP-U extension header for SN information delivery for the forwarded PDCP SDUs.   
Proposal 3: Assume GTP-U extension header for SN information delivery for the forwarded PDCP SDUs is preferred in RAN2 due to simplicity. 
Proposal 4: Send LS to RAN3:
· Informing RAN3 that DAPS is supported to minimize HO interruption;
· Informing RAN3 the requirement that DL packets at the target cell should be available when RA procedure towards the target cell is successfully completed to minimize HO interruption;
· Asking RAN3 to evaluate both of the solutions (i.e. SN status report and GTP-U extension header) for SN information delivery for the forwarded PDCP SDUs and provide feedback; 
· Informing RAN3 that RAN2 assumes GTP-U extension header for SN information delivery for the forwarded PDCP SDUs is preferred. 
Conclusion
In this contribution, we discuss how to do data forwarding and SN information delivering for both single active protocol stack and dual active protocol stacks. 
Observation 1: During HO, two types of PDCP SDUs are forwarded from the source eNB to the target eNB, i.e. DL PDCP SDUs without SN and DL/UL PDCP SDUs with SN. 
Observation 2: In basic HO and Rel-14 MBB HO, the source eNB sends SN status transfer message to target eNB after it stops data transmission/reception with the UE. 
Observation 3: For the forwarded PDCP SDUs without SN, target eNB assigns SN to them according to the SN status transfer message. 
Observation 4: For the forwarded PDCP SDUs with SN, the PDCP SN is carried in the GTP-U extension header. 
Observation 5: Conditional HO assumes late data forwarding could be suitable, because the optimization goal is mobility robustness instead of mobility interruption. 
Observation 6: UE needs to wait for the DL packets from the target eNB if data forwarding from the source eNB is performed after RA procedure succeeds, which introduce additional interruption. 
Observation 7: In solution with SN status transfer, many DL packets are forwarded from the source eNB to the target eNB unnecessarily and uselessly. The latency to send the status report should be minimized. RAN2 needs to consider how to minimize the latency for PDCP status report. 
Observation 8: In the solution with GTP-U extension header, the immediate PDCP status report from the UE is not required.  A final SN status transfer procedure is needed when UE detaches from the source cell. 
Observation 9: Data forwarding with GTP-U header is favourable in dual active protocol solution. 
We propose:
Proposal 1:  The DL packets at the target eNB should be available when RA procedure towards the target eNB is successfully completed. 
Proposal 2:  Consider both SN status report and GTP-U extension header for SN information delivery for the forwarded PDCP SDUs.   
Proposal 3: Assume GTP-U extension header for SN information delivery for the forwarded PDCP SDUs is preferred in RAN2 due to simplicity. 
Proposal 4: Send LS to RAN3:
· Informing RAN3 that DAPS is supported to minimize HO interruption;
· Informing RAN3 the requirement that DL packets at the target cell should be available when RA procedure towards the target cell is successfully completed to minimize HO interruption;
· Asking RAN3 to evaluate both of the solutions (i.e. SN status report and GTP-U extension header) for SN information delivery for the forwarded PDCP SDUs and provide feedback; 
· Informing RAN3 that RAN2 assumes GTP-U extension header for SN information delivery for the forwarded PDCP SDUs is preferred. 
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