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1. Introduction
The overall DRB operation in dual connectivity has been discussed extensively. The 36.331 running CR [1] captures the DRB procedural aspects, including the interactions with PDCP/RLC. Remaining questions are highlighted in [2].

This contribution discusses further the DRB procedural specification for dual connectivity. In particular it details how the interaction with PDCP/RLC is modeled in legacy implementation, and how it could be modeled for dual connectivity.
2. Discussion
2.1. Legacy overview
RRC connection reconfigurations procedures

There are 2 main types of RRC connection reconfigurations:

· Normal reconfiguration, without random access and reestablishment of lower layers

· Realized by RRCConnectionReconfiguration without mobilityControlInfo IE, not following RRC connection re-establishment

· Handover-like reconfiguration, with random access and reestablishment of lower layers

· Realized by RRCConnectionReconfiguration with mobilityControlInfo IE (handover)

· Or by First RRCConnectionReconfiguration following RRC connection re-establishment, without mobilityControlInfo IE
RRC and PDCP/RLC interactions 

These interactions can be divided in 2 main set of procedures.

Radio resource configuration procedures:
· Establish PDCP/RLC entities for a given DRB;
· Reconfigure PDCP/RLC entities for a given DRB;

· Release PDCP/RLC entities for a given DRB;
Link recovery procedures (in order to support lossless operation in case of “link interruption”):
· Reestablish PDCP/RLC entities for a given AM DRB;

The applicability of these procedures is as follows:

· Radio resource configuration procedures are invoked from both types of RRC connection reconfiguration procedures, on a per RB basis. However, there is no case where a given DRB reconfiguration needs to trigger a “link recovery procedure”
· Link recovery procedures are invoked in order to support lossless operation at handover/connection re-establishment, i.e., they can be invoked only from “handover-like” connection reconfiguration procedures. As such, PDCP/RLC reestablishment always applies to all established DRBs, even if they can be invoked on a per RB basis.
Observation 1: in legacy operation, link recovery procedures are independent from radio resource configuration procedures, and apply to all establish radio bearers
2.2. Dual connectivity implementation
RRC connection reconfigurations procedures

In last meeting, it was agreed to not support SCG reconfigurations with random access but without L2 re-establishment. There are now 2 main types of SCG reconfigurations, aligned with the legacy MCG reconfigurations:
· Normal reconfiguration, without random access (in SCG) and reestablishment of lower layers

· Realized by RRCConnectionReconfiguration without mobilityControlInfoSCG IE

· Handover-like reconfiguration, with random access (in SCG) and reestablishment of lower layers (a.k.a “SCG Change”)
· Realized by RRCConnectionReconfiguration with mobilityControlInfoSCG IE (“SCG handover”)

Furthermore it has been agreed that 
· In case of SCG failure: SCG release can be used to recover SCG
· In case of MCG failure: no support of SeNB reestablishment in Rel-12. The SCG is released by the UE. The first RRCConnectionReconfiguration following RRC connection re-establishment will explicitly release or move the SCG/split bearers to MCG bearers. Hence it does not appear as a trigger for a handover-like reconfiguration.

RRC and PDCP/RLC interactions 
As in legacy, these interactions can be divided in 2 main set of procedures.

The changes compared to legacy procedures would be as follows (delta in blue)
Radio resource configuration procedures:

· Establish PDCP/RLC entities for a given DRB (RLC in MCG or SCG or both);

· Reconfigure PDCP/RLC entities for a given DRB (RLC in MCG or SCG or both);

· Release PDCP/RLC entities for a given DRB (RLC in MCG or SCG or both);

Link recovery procedures (in order to support lossless operation in case of “link interruption”):

· Reestablish PDCP/RLC entities for a given AM DRB, on MCG and/or SCG;

· Perform PDCP data recovery/Reestablish RLC entity for a given AM DRB;

The applicability of these procedures becomes more complex. This is mainly due to the existence of 3 DRB types (MCG, SCG and split) and to the possible DRB type changes.
· Radio resource configuration procedures are invoked from both types of RRC connection reconfiguration procedures, on a per RB basis. 
· Link recovery procedures are invoked in 3 different cases:
· “MCG link interruption”: in order to support lossless operation at handover/connection re-establishment (as in legacy). RRC needs to trigger PDCP/RLC reestablishment of all established DRBs (MCG/SCG/Split). SCG/Split DRBs are then expected to be released or moved to MCG.
· “SCG link interruption”: in order to support lossless operation at “SCG handover” (SCG Change). This applies to all established DRBs with a SCG part, i.e. SCG bearers and split bearers.
· SCG bearers: RRC needs to trigger PDCP/RLC reestablishment
· Split bearers: RRC needs to trigger PDCP data recovery/RLC reestablishment
· “DRB type change”: even though MCG or SCG link are not interrupted, reconfiguring a DRB such that the DRB type is changed can yield similar effects, and needs to trigger a “link recovery” procedure. Difference is that this is needed on a RB basis. More specifically:

· MCG(SCG or SCG(MCG: RRC needs to trigger PDCP/RLC reestablishment
· Split(MCG: RRC needs to trigger PDCP data recovery/RLC reestablishment
· MCG(Split: nothing

· Split(SCG and SCG(Split are not supported
Observation 2: in dual connectivity operation, link recovery procedures can also be triggered due to a radio resource reconfiguration procedure on a radio bearer basis
On top of this, it has been agreed (for simplification purpose) that the “DRB type change” is only possible along with an “SCG change”. Knowing that, the cases highlighted in blue in the above paragraph would be already covered. However, this does not cover all the cases since a PDCP/RLC reestablishment would still to be triggered for MCG(SCG DRB type change.
This decision comes with a downside: the DRB type change of a single bearer will impact all other established SCG/Split bearers.
Observation 3: mandating SCG change procedure for DRB type change impacts all established SCG/Split bearers even if only 1 bearer performs a DRB type change
Issues with current running 36.331 CR
Our understanding is that the CR implements the structure as described in Annex A.
The link recovery actions (whether to trigger a PDCP/RLC reestablishment or a PDCP data recovery/RLC reestablishment procedures) have been embedded in the reconfiguration procedures, in order to implement the “DRB type change” related actions.

We see the following issues with this proposal:

· The “SCG link interruption” related “link recovery” actions (for non-modified bearers) are not implemented. Specifically, if during a SCG change, a Split or SCG bearer is not modified (note: both legacy and SCG DRB configuration uses delta signalling at SCG change), then no PDCP/RLC reestablishment or PDCP data recovery/RLC reestablishment is triggered for this bearer.
· The “link recovery” actions are mixed up with reconfiguration actions, which no longer follows the legacy logic and in our view hampers the readability and the understanding of the specification
· If the received scg-Configuration is set to release, the action “release the SCG configuration” does not clearly indicate the impact on DRBs
How to specify these interactions in RRC specifications
As reported in [2], the question “B.1a) Where to specify the RLC & PDCP actions upon SCG change?” is still opened: there is no consensus whether it should be located in the DRB configuration section or centralized in the SCG reconfiguration section.
From our previous analysis, we think it would be highly preferable to have this located in the SCG reconfiguration section, in a centralized way.
This enables to follow legacy logic and ordering (MAC reset / RBs reestablishment / RR configuration)

Proposal 1: Specify link recovery related actions (PDCP Reestablishment/Data Recovery; RLC Reestablishment) in SCG reconfiguration section

An example text proposal would be as follows:
5.3.10.x

SCG reconfiguration

The UE shall:

1>
if the received scg-Configuration includes the mobilityControlInfoSCG (SCG change):
2>
reset SCG MAC;
2>
if mobilityControlInfo is not received (no handover):
3>
For all SCG-RBs that are established: re-establish PDCP and S-RLC;

3> For all Split-RBs that are established: perform PDCP data recovery and re-establish S-RLC;


3> For all MCG-RBs reconfigured to SCG-RBs: re-establish PDCP and S-RLC;
Moreover, in case the SCG configuration is released, impact on DRBs (as well as associated link recovery actions) needs to be clearly specified.
3. Conclusion 
It is proposed to discuss and agree on the following:
Observation 1: in legacy operation, link recovery procedures are independent from radio resource configuration procedures, and apply to all establish radio bearers

Observation 2: in dual connectivity operation, link recovery procedures can also be triggered due to a radio resource reconfiguration procedure on a radio bearer basis
Observation 3: mandating SCG change procedure for DRB type change impacts all established SCG/Split bearers even if only 1 bearer performs a DRB type change
Proposal 1: Specify link recovery related actions (PDCP Reestablishment/Data Recovery; RLC Reestablishment) in SCG reconfiguration section
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Annex A
Structure of current 36.331 running CR regarding RRC/L2 interaction.
5.3.5.3
Reception of an RRCConnectionReconfiguration not including the mobilityControlInfo by the UE

2>
if the RRCConnectionReconfiguration message includes the radioResourceConfigDedicated:

3>
perform the radio resource configuration procedure as specified in 5.3.10;

1>
if the received RRCConnectionReconfiguration includes the scg-Configuration:
2>
if the received scg-Configuration is set to release:
…
2>
else:
3>
perform SCG reconfiguration as specified in 5.3.10.x;
5.3.5.4
Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover)

1>
reset MAC;

1>
re-establish PDCP for all RBs that are established;

1>
re-establish RLC for all RBs that are established;

1>
if the RRCConnectionReconfiguration message includes the radioResourceConfigDedicated:

2>
perform the radio resource configuration procedure as specified in 5.3.10;

1>
if the received RRCConnectionReconfiguration includes the scg-Configuration:

2>
if the received scg-Configuration is set to release:
…
2>
else:
3>
perform SCG reconfiguration as specified in 5.3.10.x;
5.3.10.3
DRB addition/ modification

Handles MCG additions, MCG(MCG reconfigurations. Other bearer type reconfigurations are routed to a new section.

5.3.10.3x
DC specific DRB addition or reconfiguration

Handles SCG/Split additions.

Handles Split(Split/MCG.

Handles SCG(MCG/SCG.

Handles MCG(Split/MCG.

The “link recovery” actions (whether to trigger a PDCP/RLC reestablishment or a PDCP data recovery/RLC reestablishment procedures) have been embedded in the reconfiguration procedure.

5.3.10.x

SCG reconfiguration

The UE shall:

1>
if the received scg-Configuration includes the mobilityControlInfoSCG (SCG change):

2>
reset SCG MAC;
1>
if the received scg-Configuration includes the radioResourceConfigDedicatedSCG:

2>
reconfigure the dedicated radio resource configuration for the SCG as specified in 5.3.10.y1;

1>
configure lower layers in accordance with mobilityControlInfoSCG, if received;

1>
if the received scg-Configuration includes the mobilityControlInfoSCG (SCG change):

2> resume all SCG DRBs and resume SCG transmission for split DRBs, if suspended;
2>
stop timer T313, if running;

2>
start timer T307 with the timer value set to t307, as included in the mobilityControlInfoSCG;
2>
start synchronising to the DL of the target PSCell;

2>
initiate the random access procedure on the PSCell, as specified in TS 36.321 [6]:

2>
if MAC successfully completes the random access procedure:

3>
stop timer T307;
…
5.3.10.y1
SCG dedicated resource configuration
The UE shall:

1>
if the received radioResourceConfigDedicatedSCG includes the drb-ToAddModListSCG:

2>
perform the DC specific DRB addition or reconfiguration as specified in 5.3.10.3x
1>
if the received radioResourceConfigDedicatedSCG includes the mac-MainConfigSCG:

2>
perform the SCG MAC main configuration as specified in 5.3.10.4;

