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1 Introduction
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In 3GPP TSG RAN #80 Meeting, a new WI targeting at ‘even further mobility enhancement in E-UTRAN’ has been approved. One of the objectives of the work is highlighted as follows:

After the latest RAN2 meeting, an email discussion of the related solutions has been started. The related proposals of the [image: image2.emf] 
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e-mail discussion is indicated as follows:

In this paper, we will address our views on the bullet of ‘a’ and ‘b’ of proposal 4.
2 Discussion
2.1 the time point to begin data forwarding
The source eNB needs to continue the downlink data transmission towards the UE via air interface after sending the HO command to the UE, until the radio resources are released. While part of them being transmitted to the UE by the source eNB directly, other data could be forwarded to the target eNB and then transmitted to the UE via the air interface. 
Conventionally, the load on the X2 interface is quite low. Therefore, even though when further combing with CHO, the same version of data might need to be forwarded to several eNBs, the load stress enforced on the network might be negligible still. In addition, if the handover of a group of UEs is out of the study scope, this could not be a burden. 
Observation 1: even though when further combing with CHO, the same version of data might need to be forwarded to several eNBs, the load stress enforced on the network might be negligible still.
There are two possible time moments for implementing the data forwarding from the source eNB to the target eNB for ‘0ms’ UP interruption handover:
· Just after the target eNB sends HO command/ RRC Connection Reconfiguration inclu. mobilityCotrollInformation to the UE
· After UE sends msg3 to the target eNB
If the data forwarding is implemented after UE sends msg3 to the target eNB, indication for forwarding data should be either sent by the UE via the air interface (option 1) or by the target eNB on the X2 interface to the source eNB (option 2). If the option 1 is applied, there exists the possibility that the air interface between the eNB and UE is too weak that the indication is lost, which leads to the results that data is not well prepared for transmission to the UE when the RACH procedure to the target eNB finishes. On the other hand, if the option 2 is applied, due to the uncertainty of the time cost for data processing and transmission on the X2 interface, target eNB might not receive the indication from the source eNB on time, and therefore leads to the same disappointing result.     
Observation 2: data forwarding implemented after UE sends msg3 might cause data being not well prepared at the target eNB when the RACH procedure towards the target eNB is finished.
On the other hand, the network could benefit from forwarding data to the target eNB as soon as possible after the source eNB sends HO command to the UE: the availability of downlink data at the target eNB could be ensured without uncertainty before it gets authority to start downlink transmission towards the UE. 
Observation 3: the network could benefit from forwarding data to the target eNB as soon as possible after the source eNB sends HO command to the UE: the availability of downlink data at the target eNB could be ensured without uncertainty before it gets authority to start downlink transmission towards the UE.

Proposal 1: RAN2 is kindly proposed to agree that the data forwarding should be made just after the source eNB sends HO command to the UE
2.2 the details of data forwarding and SN status transfer
Suppose there are N PDCP packets stored in the source eNB before transmitting HO command to the UE and the SN of the first PDCP packet is 1, as a result, the set of data labelled with {M, M+1, …, N} should be forwarded to the target eNB, where M is denoted as the SN of the first packet estimated to be transmitted by the target eNB to the UE. When the estimation is not available at the source eNB or is not valid, the safest way is to forward all PDCP packets stored to the target eNB, i.e., M = 1. To maintain the continuity of the downlink transmission, the SN of the first PDCP SDU to be forwarded via X2 interface should be notified to the target eNB also. In addition, the subsequent downlink data received via the S1 interface should be forwarded to the target eNB as well, before the S1 path switch is finished. 

Since the source eNB continues transmitting the downlink data to the UE via air interface after sending the HO command, some of the data forwarded to the target eNB already might become redundancy. The target eNB might desire to delete them to save the air interface resource. To achieve this, SNs of the PDCP PDUs acknowledged by the UE could be notified to the target eNB in a real-time fashion on X2 interface as the reference information.

Finally, when the UE finishes the RACH process, the target eNB should send the SN enquiry message on the X2 interface. Sending this message is for two purposes. Firstly, it could used to notify the source eNB of stopping data transmission to the UE due to the success of the HO. Secondly, it could ask the source eNB for a final PDCP SN synchronization before detaching from the UE. After receiving such SN enquiry message, the source eNB should response with a SN status report, notifying the target gNB of the packet from which downlink transmission to the UE via air interface should start and the uplink transmission status as well. 
Proposal 2: after sending HO command to UE, SNs of the PDCP PDUs acknowledged by the UE on the DL and the SNs of the PDCP PDUs acknowledged by the source eNB on the UL should be notified to the target eNB by the source eNB via X2 interface in real-time fashion, until the source eNB receives SN enquiry from the target eNB as the confirmation of the success of HO. 
Proposal 3: after receiving the SN enquiry, the source eNB should response with a SN status report, notifying the target gNB of the packet from which downlink transmission to the UE via air interface should start and the uplink transmission status as well.
2.3 the time point for source cell detaching

After the target eNB receives the up-to-date SN enquiry report from the source eNB, the data transmission between the target eNB and the UE could inherit the transmission status between the source eNB and the UE. Therefore, the time point of the source eNB detaching from the UE could be just after sending back the SN status report to the UE.
Proposal 4: the time point of the source eNB detach from the UE could be just after sending back the SN status report to the UE.
After the target eNB receives the final SN status report, the target eNB should send an explicit RRC or MAC CE to the UE to let it detach from the source eNB.

Proposal 5: the time point of the UE detaching from the source eNB could be just after receiving the explicit RRC or MAC CE message from the source eNB. 
3 A detailed possible solution
Based on the analysis given in the section 2, a detailed possible solution could be given, as follows:
Figure 1: a detailed solution of ‘0ms’ interruption HO
In the figure, the enhancements to the current LTE HO are highlighted with red eclipse.
3. Conclusions
Observation 1: even though when further combing with CHO, the same version of data might need to be forwarded to several eNBs, the load stress enforced on the network might be negligible still.
Observation 2: data forwarding implemented after UE sends msg3 might cause data being not well prepared at the target eNB when the RACH procedure towards the target eNB is finished.
Observation 3: the network could benefit from forwarding data to the target eNB as soon as possible after the source eNB sends HO command to the UE: the availability of downlink data at the target eNB could be ensured without uncertainty before it gets authority to start downlink transmission towards the UE.

Proposal 1: RAN2 is kindly proposed to agree that the data forwarding should be made just after the source eNB sends HO command to the UE
Proposal 2: after sending HO command to UE, SNs of the PDCP PDUs acknowledged by the UE on the DL and the SNs of the PDCP PDUs acknowledged by the source eNB on the UL should be notified to the target eNB by the source eNB via X2 interface in a real-time fashion, until the source eNB receives SN enquiry from the target eNB as the confirmation of the success of HO. 
Proposal 3: after receiving the SN enquiry, the source eNB should response with a SN status report, notifying the target gNB of the packet from which downlink transmission to the UE via air interface should start and the uplink transmission status as well.
Proposal 4: the time point of the source eNB detach from the UE could be just after sending back the SN status report to the UE.
Proposal 5: the time point of the UE detaching from the source eNB could be just after receiving the explicit RRC or MAC CE message from the source eNB. 
Specify further enhancements to achieve following targets, [RAN2/3]


reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 


improve the robustness during handover








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





Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.





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


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


RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node


The procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. either via procedural text or via dedicated message/indication.) 


In case of two active protocol stacks, a separate security key is used for each of the protocol stacks





RAN2 is asked to work further on the details of the following open issues:


When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side


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. 


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





The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on assumption that at least 2Rx/1Tx can be used.
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