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Discussion and Decision
1 Introduction
In R16 NR Mobility Enhancement WI [1], it is proposed to study/develop solution(s) as below:

The following objective are considered in this WI:

· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 

· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 

· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 

· Conditional handover 

· Fast handover failure recovery 

In SA2, supporting low latency and low jitter during handover procedure is studied for URLLC service. Currently, during handover procedure, the data forwarding tunnel is used to forward packets from the source RAN node to the target RAN node to guarantee lossless handover. Data forwarding would introduce additional latency and jitter within RAN and CN. However, if no data forwarding is performed, data transmission would be interrupted until the GTP-U tunnel towards the target RAN is successfully established. Therefore, SA2 thinks how to guarantee low latency and low jitter during handover procedure for the URLLC services needs to be considered. To solve this issue, SA2 captures solution#5 in TR23.725 [2], and SA2 sent an LS [3] to RAN2 to ask some questions as below in last RAN2#104 meeting:
1)
Is there any relevant study progress in RAN2 and RAN3 on handover with no or minimum interruption in radio interface? 

2) Does RAN2/RAN3 have any issue on the avoidance of latency/jitter due to data forwarding during HO procedure?

3) RAN2/RAN3 view on the proposal regarding in case of Xn based Handover, the introduction of interaction with CN prior to handover completion?

4)  Does RAN2 and RAN3 see any issue for source RAN node to trigger the handover command once it receives an indication included in the GTP-U header of the first duplicated packet to the source RAN to indicate the start of duplicated transmission?
RAN2#104 meeting has responded that HO interruption will be discussed in R16 mobility enhancements WI and the questions above can been discussed together with the objectives within R16 WI.
In this paper, we mainly analyse the SA2 solution#5 and try to answer the questions provided by SA2.
2 Discussion
To avoid data forwarding during handover procedure, UPF duplication is the key point provided by SA2. The solution#5 captured in TR23.725 [2] is shown as figure1 (figure1 is for N2 based handover, we take N2 based handover as baseline)
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Figure 1 Enhanced N2 based handover [2]
Before handover, the UPF just transmits the downlink packet to source RAN node. To avoid the latency and jitter caused by data forwarding and/or data path switch on CN side, the user plane tunnel between the target RAN and CN will be established and used to transmit data upon the DRB is established during handover procedure. When handover is triggered, the UPF would send the downlink duplication packet to both source and target RAN node until the handover is completed, which can avoid data transmission between the source RAN and target RAN.
In handover preparation phase, as mentioned in the [2], the source gNB needs to inform the UL/DL SN mapping relation between PDCP and GTP-U to the target gNB, so for DL data the target gNB knows how to allocate the PDCP SN for the PDCP SDU when receiving the data from the UPF via GTP-U tunnel, and for UL data the target gNB knows how to derive the GTP-U SN for the packet which would be transmitted to the UPF when receiving the data from the UE. For DL, the question is when UPF starts GTP-U SN allocation, i.e. before or after handover preparation phase. If the answer is before handover preparation phase, it is fine to exchange SN mapping relation between PDCP and GTP-U during handover preparation. However, if the UPF starts GTP-U SN allocation upon it triggers duplicated DL data transmission, the source gNB knows the DL SN mapping relation between PDCP and GTP-U only when it receives the first duplicated data from the UPF. For UL, the similar question exists. Therefore, when to provide the SN mapping relation between PDCP and GTP-U by the source gNB needs further consideration. 
Proposal 1: RAN2 study how and when to provide the SN mapping relation between PDCP and GTP-U. 
As the figure illustrates, when the secondary tunnel is finished (after step-8), the UPF begins to duplicate the downlink data and send to both source and target gNB simultaneously. To indicate the start of duplication, an indication can be sent to the source gNB, e.g. the indication is included in the GTP-U header of the first duplicated packet. After receiving the indication, the source gNB will send the handover command to the UE when the packets received before the indication are transmitted to the UE. From RAN2 point of view, the issuing of handover command is driven by radio condition change due to the mobility rather than restricted by the duplication indication from the core network. We should study whether the indication is necessarily needed.  
Proposal 2: RAN2 study the need of the indication of the start of duplication introduced by SA2.
Before the UE access to the target cell successfully, the duplicated downlink data from UPF is cached by the target gNB. As long as the target DRB is established, the target gNB would perform the UL/DL data transmission with the UE. For DL, the UE performs the redundancy elimination of the packets from source and target gNB based on the PDCP SN. And for UL, the UPF performs the redundancy elimination of the packets from source and target gNB based on the GTP-U SN. To guarantee efficient redundancy elimination, SA2 assume that it is one to one mapping between DRB and QoS flow for URLLC service. However, currently the maximum number of RB supported by the UE is 32 and the maximum number of QoS flow is 64, and more than one QoS flows can be mapped to one DRB, we can find that SA2’s assumption is more restricted. 
Proposal 3: RAN2 study whether restricting the relationship between DRB and URLLC QoS flow to be one to one mapping is feasible.

Since the source gNB can inform the UL/DL SN mapping relation between PDCP and GTP-U to the target gNB, it seems that the SN Status Transfer message is not needed and the target gNB can derive the sequence number by itself. This question is RAN3 related, RAN2 can send an LS to RAN3 to ask whether SN status transfer is needed during handover procedure when UPF duplication is executed. 
Proposal 4: Send an LS to RAN3 to ask whether SN status transfer is needed during handover procedure when UPF duplication is executed.
3 Conclusion
This paper mainly analyse the solution introduced by SA2 about how to avoid data forwarding during handover procedure. Based on the above discussion, we have the following proposals:
Proposal 1: Proposal 1: RAN2 study how and when to provide the SN mapping relation between PDCP and GTP-U. 

Proposal 2: RAN2 study the need of the indication of the start of duplication introduced by SA2.
Proposal 3: RAN2 study whether restricting the relationship between DRB and URLLC QoS flow to be one to one mapping is feasible.

Proposal 4: Send an LS to RAN3 to ask whether SN status transfer is needed during handover procedure when UPF duplication is executed.
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