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1.
Introduction
PDCP/RLC handling at bearer type change is one of the major issues left for Rel-12 Dual Connectivity. In the past meetings, some agreements were made for PDCP/RLC as follows:
Split Bearer PDCP procedure
=>
PDCP performs Reordering --> Deciphering --> Header Decompression
=>
Specify whole PDCP reordering procedure in separate section using absolute value operation.

=>
The PDCP starts reordering function immediately after receiving split bearer configuration message.

=>
After split bearer reconfiguration towards MCG bearer, PDCP continues reordering operation for a short while.

PDCP Status Reporting
=>
UE triggers PDCP status report for split bearer at SCG RLC release/re-establishment if network configures UE to send PDCP status report.

=>
UE triggers PDCP status report at reconfiguration from MCG bearer to SCG bearer if network configures UE to send PDCP status report.
RLC re-establishment
=>
During SCG Change, SCG-MAC is reset; SCG-RLC and SCG-PDCP (in case of SCG bearer) entities are re-established.  
=>
At split bearer reconfiguration towards MCG bearer, MCG RLC is not re-established
As there are different scenarios to consider, the agreement above is not enough to cover all the possible scenarios. This document summarizes the possible scenarios and identifies issues in each scenario.
2.
Bearer Type Change Scenarios
As there are three types of radio bearers in Dual Connectivity, i.e. MCG bearer, SCG bearer, and Split bearer, we have to consider nine different bearer type changes. Moreover, RAN2 agreed to use a new PDCP reception procedure for Split bearer (denoted as SB-PDCP), and thus it should be distinguished from the legacy PDCP reception procedure (denoted as L-PDCP). In addition, whether to trigger PDCP Status Report also needs to be considered.
The following table summarizes UE side PDCP/RLC handling in each of bearer type change scenario based on the previous agreements. The open issues in each scenario are highlighted with bold characters. 
Table 1. UE side PDCP/RLC behavior at bearer type change

	To
From
	MCG bearer
	SCG bearer
	Split bearer

	MCG bearer
	①  MCG → MCG
Security Key change

L-PDCP reestablish

MCG-RLC reestablish to MCG-RLC
PDCP Status Report
	② MCG → SCG
Security Key change

L-PDCP reestablish

MCG-RLC reestablish to SCG-RLC
PDCP Status Report
	③ MCG → Split
No Security Key change

L-PDCP→SB-PDCP
- immediate transition
MCG-RLC no action

SCG-RLC add
PDCP Status Report?

	SCG bearer
	④ SCG → MCG
Security Key change

L-PDCP reestablish

SCG-RLC reestablish to MCG-RLC
PDCP Status Report
	⑤ SCG → SCG
Security Key change

L-PDCP reestablish

SCG-RLC reestablish to SCG-RLC
PDCP Status Report
	⑥ SCG → Split
Security Key change

L-PDCP→SB-PDCP?
- a. L-PDCP release / SB-PDCP add
- b. L-PDCP reestablish, and L-PDCP→SB-PDCP
- c. L-PDCP→SB-PDCP, and SB-PDCP reestablish
MCG-RLC add
SCG-RLC?
- d. release/add
- e. reestablish
PDCP Status Report

	Split bearer
	⑦ Split → MCG
No Security Key change

SB-PDCP→L-PDCP
- keep SB-PDCP for a short while

MCG-RLC no action

SCG-RLC release

PDCP Status Report
	⑧ Split → SCG
Security Key change

SB-PDCP→L-PDCP?
- a. SB-PDCP release / L-PDCP add
- b. SB-PDCP reestablish, and SB-PDCP→L-PDCP
- c. SB-PDCP→L-PDCP, and L-PDCP reestablish
MCG-RLC release

SCG-RLC?
- d. release/add
- e. reestablish
PDCP Status Report
	⑨ Split → Split
No Security Key change

SB-PDCP no action

MCG-RLC no action

SCG-RLC?
- d. release/add
- e. reestablish

PDCP Status Report


Scenarios 1(MCG→MCG), 2(MCG→SCG), 4(SCG→MCG), 5(SCG→SCG)
All these four scenarios follow legacy PDCP procedure. PDCP/RLC entities are re-established, Security Key is changed, and PDCP Status Report is triggered. No issues are foreseen.
Scenarios 3(MCG→Split)
The legacy PDCP (L-PDCP) is changed to Split bearer PDCP (SB-PDCP), and the transition is performed immediately after the UE receives the reconfiguration message. Security Key is not changed and MCG-RLC is not impacted. 
One issue is whether PDCP Status Report is triggered in this case.

Scenarios 7(Split→MCG)
The SB-PDCP is changed to L-PDCP, and the transition is performed in a short while after the UE receives the reconfiguration message. Security Key is not changed and MCG-RLC is not impacted. The PDCP Status Report is triggered. No issues are foreseen except when to perform transition from SB-PDCP to L-PDCP, which has been discussed in e-mail.
Scenarios 6(SCG→Split)
The L-PDCP is changed to SB-PDCP, and the Security Key is changed. MCG-RLC is added, and the PDCP Status Report is triggered. 

Two issues need to be considered in this scenario; how to perform L-PDCP to SB-PDCP transition with Security Key change, and how to handle SCG-RLC.

Scenarios 8(Split→SCG)
The SB-PDCP is changed to L-PDCP, and the Security Key is changed. MCG-RLC is released, and the PDCP Status Report is triggered. 

Two issues need to be considered in this scenario; how to perform SB-PDCP to L-PDCP transition with Security Key change, and how to handle SCG-RLC.
Scenarios 9(Split→Split)
The SB-PDCP is kept without Security Key change. MCG-RLC is also kept, and the PDCP Status Report is triggered. 

One issue is how to handle SCG-RLC.

3.
Issues in Bearer Type Change involved with Split Bearer

As can be seen in the Table 1, all the issues are associated with bearer type change to/from Split bearer. Especially, the bearer type change between Split bearer and SCG bearer (Scenarios 6 and 8) has some impacts on PDCP handling. Thus, we want to first ask to RAN2 group whether such kind of bearer type change should be supported. Note that in the WID the direct bearer type change is deprioritized, i.e. “reconfigurations involving both 1A and 3C will only be later considered if requiring minimal additions”.
Proposal 1: Discuss whether direct bearer type change between Split bearer and SCG bearer is supported.

If RAN2 decides to support direct bearer type change between Split bearer and SCG bearer, the following issues need to be solved.
In scenario 6 where SCG bearer is changed to Split bearer, the L-PDCP in SCG is changed to the SB-PDCP in MCG. Since the CG is changed, the Security Key is also changed. As both PDCP operation mode and Security Key are changed, a new transition procedure should be considered. We think there are three possible PDCP transition procedures for this change.

6-a) 
Release L-PDCP and add SB-PDCP with new Security Key.
6-b)
Re-establish L-PDCP with new Security Key, and then perform L-PDCP→SB-PDCP transition.
6-c)
Perform L-PDCP→SB-PDCP transition, and then re-establish SB-PDCP with new Security Key.

Similar to scenario 6, we can consider three possible PDCP transition procedures for scenario 8 where Split bearer is changed to SCG bearer.
8-a) 
Release SB-PDCP and add L-PDCP with new Security Key.

8-b)
Re-establish SB-PDCP with new Security Key, and then perform SB-PDCP→L-PDCP transition.

8-c)
Perform SB-PDCP→L-PDCP transition, and then re-establish L-PDCP with new Security Key.

Among three options, we think options 6-c and 8-b are least preferred because SB-PDCP re-establishment with new Security Key has not been discussed and it is expected to be very complex procedure. 
The options 6-b and 8-c are feasible, because L-PDCP re-establishment with new Security Key is well defined in current specification, and transitions from L-PDCP to SB-PDCP and from SB-PDCP to L-PDCP are fully discussed in the past meetings and e-mails.
However, we prefer options 6-a and 8-a over others, because they are the simplest and most straight-forward. Moreover, a-series does not require multiple steps for mode transition. Therefore, if direct bearer type change between Split bearer and SCG bearer is supported, we propose to perform release/addition of PDCP entities.

Proposal 2: If direct bearer type change between Split bearer and SCG bearer is supported, perform release/addition of PDCP entities at Split to SCG bearer change and SCG to Split bearer change.
For scenarios 6, 8, and 9, RLC handling also needs to be discussed. There are two options:

6,8,9-d)
Release old SCG-RLC and add new SCG-RLC


6,8,9-e)
Re-establish SCG-RLC

We think both options are functionally same, and it is just a kind of specification issue. However, we slightly prefer option d over option e, because in the current specification, RLC re-establishment is always performed together with PDCP re-establishment. If we allow RLC re-establishment without PDCP re-establishment, it creates a new state compared with the legacy procedure.
Proposal 3: At bearer type change from Split to SCG bearer, from SCG to Split bearer, and from Split to Split bearer, perform release/addition of SCG-RLC entity.
Last issue is whether the PDCP Status Report is triggered at MCG to Split bearer change. For all other cases, RAN2 already agreed to trigger PDCP Status Report, and there is no issue. 
When the PDCP operation mode is changed from L-PDCP to SB-PDCP, the PDCP PDU reordering buffer is newly created, and there is no PDCP PDU stored in the reordering buffer. Therefore, it is not necessary to trigger PDCP Status Report in this case. However, not triggering PDCP Status Report only in this transition makes exceptional case, and we prefer to trigger PDCP Status Report in this case as well.
Proposal 4: Trigger PDCP Status Report at MCG to Split bearer change.

4.
Proposal
In this document, we have shown all the possible bearer type changes, and also identified issues in each case. RAN2 is asked to discuss the following proposals.
Proposal 1: Discuss whether direct bearer type change between Split bearer and SCG bearer is supported.

Proposal 2: If direct bearer type change between Split bearer and SCG bearer is supported, perform release/addition of PDCP entities at Split to SCG bearer change and SCG to Split bearer change.
Proposal 3: At bearer type change from Split to SCG bearer, from SCG to Split bearer, and from Split to Split bearer, perform release/addition of SCG-RLC entity.
Proposal 4: Trigger PDCP Status Report at MCG to Split bearer change.
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