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1. [bookmark: OLE_LINK9]Introduction
During the first discussion in RAN2#103bis, the following agreements were made for multiple connectivity based mobility based on the discussion of [1]:
=>	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 give two possible split bearer based solutions. And we also give some detail analysis for the two solutions from the perspective of radio bearer architecture (e.g. bearer type), impacts of the role change procedure, security, X2 data forwarding etc.
2. Discussion


[bookmark: _Ref30588]Figure 1 Stack architecture transfer for split bearer solution (Option1)


[bookmark: _Ref15022]Figure 2 Stack architecture transfer for split bearer (Option2）
Figure 1 and Figure 2 illustrate two possible split bearer based solutions. Both solutions take the DC based HO procedures as depicted in Figure 3:
[image: ]

[bookmark: _Ref15042]Figure 3 DC based HO procedure for split bearer based solutions (for Option1 and Option2)
For both options:
In phase1: The UE connects with the S-eNB. The S-eNB decides to add T-eNB as a SN and turns the MCG bearer (including SRB and DRB) to MCG terminated split bearer (step 2~6). The UE keeps data transfer with the S-eNB (e.g. DRBx in the figures) when accessing the T-eNB and performing the bearer type change (step 7~9).
In phase2: After accessing the T-eNB and changing the MCG bearer to MCG terminated split bearer (e.g. DRBx in the figures). The UE performs data transfer with both S-eNB and T-eNB (e.g. DRBx in the figures), applying source key. When the signal quality of the S-eNB gradually deteriorates, the S-eNB decides to change the T-eNB as the MN (step 10~14) and setup a new DRB (e.g. DRBy on the T-eNB). The UE keeps data transfer with both S-eNB and T-eNB (e.g. DRBx in the figures) during the role change/anchor change procedure.
In phase3: After the role change, the T-eNB turns to be the MN while the S-eNB turns to be the SN. The UE performs data transfer with both S-eNB and T-eNB via SCG terminated split bearer (e.g. DRBx in the figures), using source key. Meanwhile, the UE performs data transfer with T-eNB via MCG bearer (e.g. DRBy in the figures), using target key.
In phase 4: The T-eNB decides to release S-eNB when the signal of the S-eNB is not good for data transmission anymore or when all the residual data on the S-eNB has been successfully transmitted. 
From the above procedure, it can been seen that the UP interruption can be reduced to 0ms for both DC based split bearer solutions.
Observation 1: UP interruption can be reduced to 0ms for both split bearer based solutions (Option1 in Figure 1 & Option2 in Figure 2).
In the following, we analyze the two solutions from the perspective of radio bearer architecture (e.g. bearer type), impacts of the role change procedure, security, X2 data forwarding etc.
Radio architecture (e.g. bearer type):
For both options, to reduce the transmission failure of Measurement Report (step10) and RRCConnectionReconfig for role change (step14) to improve handover robust, MCG terminated split SRB should be introduced in LTE.
For both options, after role change, the original MCG terminated split bearer turns into a SCG terminated split bearer. However, in the current spec, only MCG terminated split bearer is supported in LTE-DC. So to reduce UP interruption, the new bearer type, i.e. SCG terminated split bearer should be introduced in LTE-DC too.
Besides, after role change, the UE keeps data transmission with the SCG terminated split bearer and MCG bearer at the same time for both options. However, in the current spec, split bearer and non-split bearer are not allowed to be configured at the same time. So to reduce UP interruption, it should be allowed to configure split bearer and non-split bearer simultaneously in LTE-DC.
Proposal1: For split bearer based mobility, MCG terminated split SRB & SCG terminated split bearer should be introduced and simultaneous configuration of split bearer and non-split bearer should be allowed in LTE-DC.
Role change procedure:
Role change procedure should be introduced for both options. However, the setup of the new MCG bearer (e.g. DRBy in the figures) on the T-eNB is different.
For Option1: When setup the new MCG bearer, neither new PDCP entity nor new RLC entity needs to be established. The new MCG bearer shares the same PDCP&RLC entity with the already established SCG terminated split bearer on the T-eNB. 
For Option2: When setup the new MCG bearer, new RLC entity needs to be established. While for the PDCP entity, it shares with the already established SCG terminated split bearer on the T-eNB. 
Proposal2: Role change procedure needs to be specified for both split bearer based solutions. 
Proposal3: When setup the new MCG bearer on the target eNB:
· For Option1: Associate the new MCG bearer to the already established PDCP&RLC entity of the SCG terminated split bearer on the T-eNB.
· For Option2: Setup RLC entity and LCH for the new MCG bearer and associate them with the already established PDCP entity of the SCG terminated split bearer on the T-eNB.

Security:
For both options, after the role change, i.e. in phase3, the UE performs data transfer with S-eNB and T-eNB via SCG terminated split bearer (e.g. DRBx in the figures), using source key. Meanwhile, the UE performs data transfer with T-eNB via MCG bearer (e.g. DRBy in the figures), using target key. In other words, there would be data ciphered with the source key and data ciphered with the target key simultaneously on the T-eNB. The UE should determine the correct key to use.
For Option2: The UE can determine the correct key to use according to the RLC from which the PDCP PDU is received. While for option1, new solutions should be identified to determine the correct key. There can be the following three possible methods:
Alt.1 Introduce a key indicator (KI) in the PDCP PDU header. For instance, if KI is set to 0, use the source key. Otherwise, if KI is set to 1, use the target key.
Alt.2 Although the new MCG bearer on the T-eNB shares the same PDCP&RLC entity in UE side (only share the same RLC entity in T-eNB side), establish a different LCH for MCG bearer other than the one used for the split bearer on T-eNB, as illustrated in Figure 4. In this way, the UE can determine the correct key to use according to the LCH (i.e. different LCH ID) from which the PDCP PDU is received.


[bookmark: _Ref18627]Figure 4 Security handling Alt.2 for Option1.

Alt.3 Indicate the last PDCP SN which would use the source key in the RRCConnectionReconfig (e.g. for role change).
Proposal4: For both split bearer based solutions, there would be data ciphered with the source key and data ciphered with the target key simultaneously on the T-eNB. The UE should determine the correct key to use.
· For Option2: The UE can determine the correct key to use according to the RLC from which the PDCP PDU is received.
· For Option1: There can be three possible methods:
· Alt.1 Introduce a key indicator (KI) in the PDCP PDU header.
· Alt.2 Establish different LCHs for the new MCG bearer and the split part on the T-eNB of the SCG terminated split bearer.
· Alt.3 Indicate the last PDCP SN to use the source key via RRC signaling.
X2 data forwarding:
For both options, after the role change, i.e. in phase3, the S-eNB should forward the received PDCP SDU with the corresponding SN to the T-eNB for reordering and delivery.
Proposal5: For both split bearer based solutions, after the role change, the S-eNB should forward the received PDCP SDU with the corresponding SN to the T-eNB for reordering and delivery.
3. Conclusion and proposals
In this contribution, we analyze two possible split bearer based solutions with the following observations and proposals:
Observation 1: UP interruption can be reduced to 0ms for both split bearer based solutions (Option1 in Figure 1 & Option2 in Figure 2).
Proposal1: For split bearer based mobility, MCG terminated split SRB & SCG terminated split bearer should be introduced and simultaneous configuration of split bearer and non-split bearer should be allowed in LTE-DC.
Proposal2: Role change procedure needs to be specified for both split bearer based solutions. 
Proposal3: When setup the new MCG bearer on the target eNB:
· For Option1: Associate the new MCG bearer to the already established PDCP&RLC entity of the SCG terminated split bearer on the T-eNB.
· For Option2: Setup RLC entity and LCH for the new MCG bearer and associate them with the already established PDCP entity of the SCG terminated split bearer on the T-eNB.
Proposal4: For both split bearer based solutions, there would be data ciphered with the source key and data ciphered with the target key simultaneously on the T-eNB. The UE should determine the correct key to use.
· For Option2: The UE can determine the correct key to use according to the RLC from which the PDCP PDU is received.
· For Option1: There can be three possible methods:
· Alt.1 Introduce a key indicator (KI) in the PDCP PDU header.
· Alt.2 Establish different LCHs for the new MCG bearer and the split part on the T-eNB of the SCG terminated split bearer.
· Alt.3 Indicate the last PDCP SN to use the source key via RRC signaling.
Proposal5: For both split bearer based solutions, after the role change, the S-eNB should forward the received PDCP SDU with the corresponding SN to the T-eNB for reordering and delivery.
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