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Discussion and Decision
1      Introduction
New WI “Even further Mobility enhancement in E-UTRAN” was approved in [1]. 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 detail signalling flow of the non-split bearer architecture option for simultaneous connectivity handover. In addition, we discuss the open issues on single or dual RRC, reordering in non-split case and packet duplication handling for simultaneous connectivity.  
2      Discussion

Simultaneous connectivity handover is one of the potential solution to achieve 0ms interruption time goal both in LTE and NR. One of the architecture option is non-split bearer. This option will be same as enhanced eMBB. If the non-split bearer architecture is considered, the UE will receive two steam of data (one from source and one from target) during handover. 
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Figure 1: protocol stack for non-split bearer architecture support simultaneous connectivity HO
Before the HO, the UE connects only to source cell. The UE received the HO command with simultaneously connection enable during HO (Step 4 in Figure 2). 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 (Step 7 in Figure 2). The UE now is connecting with both source cell and target cell.
2.1     Signaling flow for non-split bearer architecture

Figure 2 shows the signalling flow of the simultaneous connectivity handover for non-split bearer architecture:
[image: image2.jpg]UE Source cell Target cell SGW MME

1. Measurement report———-|
2. HO request (indication of

simultaneous support)

43. HO ack (with target cell configuration_ |

& = o for simultaneous support)
4. RRCConnectionReconfiguration |

(forward target cell configuration)

maintain
connection with
source cell

|- Data—
|¢———————————5 RACH procedure—————————————————p
|

6. RRCConnectionReconfigurationComplete————#
|- 7. HO success:

After this point RRC switch to target cell

Data forwarding >
g Dat:
-~ —Data
[ Dat
|- Dat
- 8. Release:

Stop data transmission

T
|&—————————9. Release source cel———————————

Release source cell

10. Release source cell complete—————————————»
11. path switch request———————————————»

r«——12. bearer modication————
13, end marker-
14, path switch request ACK-
————15. UE context release:

[ -New path-





Figure 2: Signalling flow for simultaneous connectivity handover with non-split bearer architecture
Step1: the UE sends measurement report to the source cell when event triggered.
Step2: the source cell send HO request (with simultaneous link enable) to target cell. 

Step3: if target cell supports, it responses with a HO ack with target cell configuration for simultaneous support and HO command (containing required HO parameters such as RACH) to source cell, with dedicated TNL info for forwarding partial PDCP PDUs. If not, the target may reject and proceed with regular HO. In this case, HO command will still be generated with indication of no simultaneously support. 

Step 4: the source cell reads the response from target cell for the case where it is HO with simultaneously support, or regular HO, or reject HO. Then the source cell forwards the HO command along with target cell configuration to the UE. 
Note: In legacy handover, the UE detaches from source cell. However, in simultaneously connectivity, the UE maintain connection with source cell.  
Step 5: In case of HO with simultaneously support, the UE maintains the source cell connection. The UE performs RACH to access target cell using the RACH information in the HO command provided by target cell. Target response with RAR for RACH successful. 
Steo 6: UE then sends RRCConnectionReconfigurationComplete message to target indication HO completion. 
Note: After this step the target node becomes the master node and RRC message should be generated by target cell.
Note: At this point source can start forwarding partial PDCP PDU (SN and ROHC) data to target cell until the source cell is released at the UE. Then PDCP SDU will be forward to target cell like legacy.
Step 7: Target cell sends HO success indication to source cell.
Step 8: Target cell sends release message to source cell. Then source cell stops data transmission to the UE.
Step 9: Target sends RRCConnectionReconfiguration (release source cell) message to the UE

Step 10: UE release source cell by sending RRCConnectionReconfigurationComplete to target.
Step 11/15: The target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell. The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway. The Serving Gateway switches the downlink data path to the target side. The Serving gateway sends one or more "end marker" packets on the old path to the source eNB and then can release any U-plane/TNL resources towards the source eNB. The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message. By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB. The target eNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the MME. Upon reception of the UE CONTEXT RELEASE message, the source eNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
Base on the signalling flow, we have the following key elements for non-split bearer architecture based simultaneous connectivity:
1. The source includes indication of simultaneous connectivity in the HO request message.

2. The target includes target cell configuration for simultaneous connectivity in the HO ack message.

3. UE maintain connection with source after receiving HO command.

4. There should be one eNB generated DL RRC message. DL RRC should be generated by source until RACH success. Thereafter, target cell should generate the RRC message.

5. Source forward partial PDCP PDU (SN and ROHC) to target cell, target cell protects the PDCP PDU by target security key/algorithm.

6. UE performs decipher PDCP packet from source and target based on source key and target key separately and perform reorder in a common buffer.

7. Target decides to release source cell by sending release message to both source cell and UE.

8. During path switch, 1 bit indication in PDCP to indicate ROHC reset.

Proposal 1: Agree the key elements for simultaneous connectivity above.
2.2     Single vs dual RRC and packet duplication handling 
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Figure 3: Downlink u-plane for non-split bearer architecture
Figure 3 shows the downlink u-plane for non-split bearer architecture for simultaneous connectivity HO. Once the UE received HO command from source cell, the UE performs RACH to target to access the target cell. For simultaneous handover, the UE will maintain connectivity with source cell until source cell is released. Before path switch, the source cell has to forward partial PDCP PDU to target which contains SN and ROHC. The source may also sends packet to the UE. These two stream of data can be different packets which will result in higher throughput. On the other hand, if the data are the same, the reliability is increased. During handover, it is difficult to know if source cell channel or target cell channel is better during the handover period. Especially in LTE, omni directional antenna is used, cell edge channel condition for both source and target cell are very poor, therefore, achieve reliable can help with HO performance and also can reduce the interruption cause packet delay in poor link. 

As we can see in Figure 3, there are two steam of data (one from source and one from target) to the UE. UE maintain two PHY/MAC/RLC/PDCP protocol stacks. When receive packet from source cell, the UE process PHY/MAC/RLC and then decipher the PDCP packet based on source key and store the packet in a common buffer. When the UE receives packet from target cell, the UE does the same process (but deciphering is based on target key) and put deciphered PDCP packet into the common buffer. Regardless of duplication, a common buffer is needed for PDCP reordering between source and target cells. Therefore, handling packet duplication in the same place will not be so difficult. Finally, ROHC decompression and send packet to the higher layer. 

Since packet duplication can increase reliability of HO and hence a better HO performance while handling PDCP duplication in the common buffer is not too difficult. Therefore, it is proposed to support packet duplication for simultaneous connectivity handover.

Proposal 2: support packet duplication for simultaneous connectivity handover.

Proposal 3: PDCP packet duplication and reordering between source and target functionality can be supported in the common buffer.

One other FFS from last meeting is regarding single RRC or dual RRC. We think RRC diversity can provide reliability during handover because of the unstable channel condition between source and target cell similar to data packet discussed above. However, there should be a clear understanding on which node is responsible for the RRC connection of the UE and which node generates the RRC message.  That is, there should be only one node generating the RRC messages to the UE at any given time. This will maintain the architecture of single connectivity RRC and simplify the RRC protocol, otherwise we will need to have make sure RRC message consistency between source and target and the inter-node RRC communication. Therefore, it is proposed to have one node generate RRC message at any given time. Additionally, RRC diversity can be supported, i.e. the RRC PDU can be transferred via source cell or target cell, or source and target cell together.

Proposal 4: only one node is responsible for the RRC Connection of the UE and generate RRC message at any given time (i.e. a defined time in which source cell will generate the RRC before and target will generate the RRC after).

Proposal 5: RRC diversity can be supported by the lower layers.
3      Conclusion

Proposal 1: Agree the key elements for simultaneous connectivity as follow:
1. The source includes indication of simultaneous connectivity in the HO request message.

2. The target includes target cell configuration for simultaneous connectivity in the HO ack message.

3. UE maintain connection with source after receiving HO command.

4. There should be one eNB generated DL RRC message. DL RRC should be generated by source until RACH success. Thereafter, target cell should generate the RRC message.

5. Source forward partial PDCP PDU (SN and ROHC) to target cell, target cell protects the PDCP PDU by target security key/algorithm.

6. UE performs decipher PDCP packet from source and target based on source key and target key separately and perform reorder in a common buffer.

7. Target decides to release source cell by sending release message to both source cell and UE.

8. During path switch, 1 bit indication in PDCP to indicate ROHC reset.

Proposal 2: support packet duplication for simultaneous connectivity handover.

Proposal 3: PDCP packet duplication and reordering between source and target functionality can be supported in the common buffer.

Proposal 4: only one node is responsible for the RRC Connection of the UE and generate RRC message at any given time (i.e. a defined time in which source cell will generate the RRC before and target will generate the RRC after).

Proposal 5: RRC diversity can be supported by the lower layers.
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