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Discussion and Decision
1      Introduction
During last meeting, it was agreed to use contribution [1] as a baseline to compare the two architecture options for simultaneous connectivity handover. The agreements are:

=>
Use the protocol stack comparison in this contribution as baseline for further discussions between the split bearer and non-split bearer solutions.

=>
We should discuss the security key aspects more when we discuss the details of the solutions.

=>
Consider how to do reordering in non-split case

=>
FFS whether single or dual RRC (and e.g. whether we have 1 or 2 S1-C connections) is considered (S1-C would affect also RAN3)

=>
FFS how duplication is considered (depending on solution details)

In this contribution, we provide the protocol stack and example for split bearer and non-split bearer options for comparison for simultaneous connectivity handover. 
2      Discussion

Simultaneous connectivity handover is one of the potential solution to achieve 0ms interruption time goal both in LTE and NR. 
Option 1: One of the architecture option is split bearer. In split-bearer (DC) architecture, the serving cell of the UE is MeNB and target cell will be added as SeNB during HO preparation. After HO, target cell needs to be switched to MN. During MN/SN role change, MCG split bearer should be reconfigured to MCG bearer and interruption can happen if we rely on another RRC reconfiguration to configure MCG bearer for target cell. In order to reduce interruption time, the source and target cells may send data to the UE via source MCG split bearer and target MCG bearer during MN/SN switching period. 
Observation 1: For split bearer approach, without the target MCG bearer, i.e. with only split bearer, there will be interruption upon MN/SN switching.  

Option 2: The other option is non-split bearer in which the UE will receive two steam of data (one from source and one from target) with dual protocol stacks during handover. 
Below we provide detail of each option.
2.1     Split bearer architecture

Figure 1 shows the downlink u-plane protocol stack starting from network transmitter side and receive the packet from the UE after the UE adds target cell as SCG path of source MCG split bearer and target MCG bearer and before completion of the MeNB switching from source cell to target cell: 

On network side in DL:

· Step 1: All data is sending to source cell from SGW.
· Step 2: 

· Before role change (“SeNB become MeNB” message sent to the UE): Source cell forwards PDCP PDU to target cell. This is same as current DC architecture.

· After role change: Source cell forwards PDCP SDU after. This is same as legacy HO procedure after handover command is sent to the UE and data is forwarded from source to target cell.
· Step 3: 

· Before role change: as source MCG split bearer:

· Source performs PDCP/RLC/MAC/PHY and send data to UE via source MCG path;

· Target cell performs RLC/MAC/PHY on PDCP PDU (get from source cell) and send data to the UE.

· Role change period: to avoid the interruption time during role change period, the network may use both source MCG split bearer and target MCG bearer to transfer data to UE;

· Source MCG split bearer:

· Source performs PDCP/RLC/MAC/PHY and send data to UE via source MCG path;

· Target cell performs RLC/MAC/PHY on PDCP PDU (get from source cell) and send data to the UE.

· Target MCG bearer:

· Target cell performs PDCP/RLC/MAC/PHY on PDCP SDU and send data to the UE.

· After role change: only target MCG bearer:

· Source has been released;

· Target cell performs PDCP/RLC/MAC/PHY on PDCP SDU and send data to the UE.

On UE side in DL:

· Step 4: 
· Source link: perform PHY/MAC/RLC as in legacy LTE procedure.
· Target link: perform PHY/MAC then separate RLC logic channels. Forward the data of RLC logic channel for source MCG split bearer to source PDCP (e.g. packet 1 and 2) and forward the data of RLC logic channel for target MCG bearer to target PDCP (e.g. packet 4)
· Alternatively, if separate RLC logic channel is not used, PDCP packet marking can be used to determine which PDCP should applied.
· Step 5: Continue perform PDCP for each link

· Step 6: stores packets in a common buffer and performs PDCP reordering.

· Step 7: Perform ROHC decompression and send it to higher layer.
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Figure 1: Split-bearer architecture

2.2     Non-split bearer architecture

Before the HO, the UE connects only to source cell. The UE received the HO command with simultaneously connection enable during HO. Therefore, the UE has prepared a new protocol stack for target cell once it received the HO command. During HO, the UE has completed RACH procedure. The UE now is connecting with both source cell and target cell.
Figure 2 below shows the detail example of how DL u-plane works for non-split bearer architecture.

The network side:

· Step 1: All data is sending to source cell from SGW.

· Step 2: Source cell processes ROHC if needed and allocate PDCP SN for each packet. Source cell then forward the partial PDCP PDU (after ROHC) and the SN to target.

· To avoid the interruption time, the network may use both source cell and target cell to transfer data to UE (step 2a+step 3);
· Step 2a: source cell will process integrity protection (for c-plane data) and ciphering and sends it to the UE. 

· Step 3: Target PDCP only performs integrity protection (for c-plane data) and ciphering on the partial PDCP PDU and sends it to the UE.
At the UE receiver side after the UE determine the COUNT of the PDCP PDU:

· Step 4: Separate operation for each link

· Perform PHY/MAC/RLC as in legacy LTE procedure.

· Perform integrity protection check (for c-plane) and deciphering.

· Step 5: stores packets in a common buffer and performs PDCP reordering.

· Step 6: Perform ROHC decompression and send it to higher layer.
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Figure 2: detail of security and re-ordering handling for non-split bearer architecture
2.3     Comparison 

At the UE, the required protocol stack seems to be similar between split bearer and non-split bearer architecture. Both of them required almost dual protocol stack (or partial disable) to handle source and target cells. In addition, split bearer architecture may still contain small interruption during the “SeNB become MeNB” role change due to the reconfiguration of the target cell unless the source and target cells transfer packets with source split configuration, and target configuration simultaneously during role change period. 
The differences are:

· compare to the non-split bearer architecture, the split bearer architecture requires additional RLC or PDCP marking distinguish the packets for source cell or target cell PDCP (to solve ambiguous period on security key). 

· Furthermore, split approach may require two forwarding tunnels (one for PDCP PDUs forwarded to target RLC, the other for PDCP SDUs forwarded to target PDCP) because each should terminate on different security handling part in PDCP. On the other hand, non-split can live with one forwarding tunnel, even if CU-DU split is used at target. 
Observation 2:From UE perspective, the UP stack of split bearer is the extension of the UP stack of non-split bearer, i.e. only additional RLC layer for SCG path of source MCG split bearer.

Observation 3: split bearer has additional complexity needed to distinguish which PDCP entity to use. 
Observation 4: From network perspective, besides additional SCG path of source MCG split bearer, it  may require two forwarding tunnels in compare to non-split bearer due to simultaneously transmission via SCG path of source MCG split bearer (PDCP PDU) and target MCG bearer (PDCP SDU).
Therefore, it seems non-split bearer is a better choice for simultaneously connectivity handover.

Proposal 1: RAN2 to agree the UP stack for split bearer and non-split bearer as shown in figure 1 and figure 2.
Proposal 2: RAN2 to confirm from UE perspective, the UP stack of split bearer is the extension of the UP stack of non-split bearer, i.e. only additional RLC layer for SCG path of source MCG split bearer.

Proposal 3: Non-split bearer based approach should be used instead of split bearer based approach if simultaneous connectivity is deemed necessary for LTE.
On the other hand, forwarding partial PDCP PDU during handover may require RAN3 work before path switch. Alternatively, ROHC can be turn off during forwarding period. Therefore, it is proposed to send an LS to RAN3 if partial PDCP PDU forwarding or ROHC turn off during handover is feasible. 

Proposal 4: send an LS to RAN3 if partial PDCP PDU (SN+ROHC) forwarding or ROHC turn off during handover is feasible.
3      Conclusion

Observation 1: For split bearer approach, without the target MCG bearer, i.e. with only split bearer, there will be interruption upon MN/SN switching.  

Observation 2:From UE perspective, the UP stack of split bearer is the extension of the UP stack of non-split bearer, i.e. only additional RLC layer for SCG path of source MCG split bearer.

Observation 3: split bearer has additional complexity needed to distinguish which PDCP entity to use. 
Observation 4: From network perspective, besides additional SCG path of source MCG split bearer, it  may require two forwarding tunnels in compare to non-split bearer due to simultaneously transmission via SCG path of source MCG split bearer (PDCP PDU) and target MCG bearer (PDCP SDU).

Proposal 1: RAN2 to agree the UP stack for split bearer and non-split bearer as shown in figure 1 and figure 2.
Proposal 2: RAN2 to confirm from UE perspective, the UP stack of split bearer is the extension of the UP stack of non-split bearer, i.e. only additional RLC layer for SCG path of source MCG split bearer.

Proposal 3: Non-split bearer based approach should be used instead of split bearer based approach if simultaneous connectivity is deemed necessary for LTE.
Proposal 4: send an LS to RAN3 if partial PDCP PDU (SN+ROHC) forwarding or ROHC turn off during handover is feasible.
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