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Discussion and decision
1 Introduction

This contribution discusses the procedural specification for a UE configured with dual connectivity, in particular focussing on the layer 2 operations performed upon handover, SCG change/ release, possibly in combination with change of DRB type. The contribution summarises the layer 2 operations that need to be introduced in the specification. The contribution includes some proposals that limit the changes to be introduced in the specification: 1) that RLC and MAC entities are specific to a cell group, meaning there is release and addition upon change between SCG and MCG DRB, and b) the RLC release procedure is modified to include re-establishment operations.

The corresponding changes are shown by a draft CR.

2 Discussion

2.1 Starting points

Although RAN2 agreed to introduce, as a starting point, one section covering all SCG reconfigurations (i.e “regular”, “synchronous” and “SCG Change”), there has so far not really been any real discussion how to specify the SCG change procedure. Some further related agreements from the RAN2#86 meeting:

· 
Upon SCG change, SCG-MAC is reset while SCG-RLC and SCG-PDCP (in case of SCG bearer) entities are re-established
· 
Dual connectivity can continue upon handover by means of SCG change i.e. release and re-addition of the SCG (non-disjunct set of SCG cells) in a reconfiguration message that may include mobilityControlInfo
General:
· 
The layer 2 operation to be performed upon SCG change is the same as currently performed upon handover, not including fullConfig. This means, that this synchronous lossless L2 flush operation is currently specified when using delta signalling
· 
Although SCG change includes release and addition of the entire SCG, RAN2 e-mail [86#28][LTE/DC] discussed whether the lossless SCG change uses delta signalling (in particular for the DRBs). Although the concerned e-mail did not reach a firm conclusion, in accordance with the proposed conclusion, we assume such delta signalling is used

· 
During RAN2#87 it was agreed to use delta signalling upon DRB type change, including the case the DRB type changes from MCG to SCG or vice versa
· 
During RAN2#87 several agreements were reached regarding the PDCP operation upon DRB change, covering different reconfiguration changes i.e. handover and SCG change. These agreements are reviewed in Annex B, based on which analysis we assume that in RRC we merely need to distinguish PDCP re-establishment and an alternative PDCP re-establishment (name to be decided). I.e. we assume that further PDCP operations e.g. related to status reporting, re-ordering, can all be PDCP internal and need not be reflected in RRC

Further aspects

As a DRB could have 2 RLC entities, we think it would be easiest to talk about an SCG or MCG RLC (and MAC) entity rather than about a 1st and a 2nd entity. This implies that upon change between MCG and SCG DRB type, an RLC entity is released while another is added. This model is used irrespective of the delta signalling i.e. delta signalling merely implies that the configuration of the newly created entity is the same as the previous one, excep for any differences that are signalled.

For PDCP the situation is different as there is always one entity. Hence for PDCP we assume there is not a cell group specific entity (i.e. it is sometimes configured based on the MCG and sometimes by the SCG-configuration). In other words, the PDCP is merely reconfigured as usual, but now based on two different fields.

As this modelling affects the procedural specification hence we propose:

Proposal 1
RLC and MAC entities are specific to a cell group i.e. even though delta signalling is used, an entity is released and added upon switch between MCG and SCG DRB. The PDCP entity is not specific to a cell group i.e. it continues upon switch between MCG and SCG DRB.
In case RAN2 agrees proposal 1, the RRC specification need not include statements about MAC reset and RLC re-establishment when RAN2 agrees to modify the RLC release procedure to include the RLC operations performed upon RLC re-establishment (MAC release is already assumed to include reset functionality). As this simplifies specification, and seems to have no drawbacks, we furthermore propose the following:

Proposal 2
Modify the RLC release procedure to include the operations performed upon RLC re-establishment)

The above proposals imply that:
· 
Upon upon switch between MCG and SCG DRB RRC need not include statements specifying that the UE shall perform MAC reset and RLC re-establishment

· 
Upon SCG change, such statements are needed, as we now assume the DRB entities are not added and released anymore (in accordance with the proposed conclusion of RAN2 e-mail [86#28][LTE/DC])

2.2 UE behaviour upon DRB reconfiguration cases (what to do when)

The procedural specification should cover DRB type change, SCG change, handover as well as all combinations (except the switch between SCG and split DRB, that RAN2 agreed to exclude). A first step in our analysis it to summarise what the UE shall do in each of the different cases. In the following table we have tried to summarise this in a simplified manner by using the following conventions:
· 
The table describes the UE actions only

· 
The table assumes that the lossless SCG change uses delta signalling in accordance with the proposed conclusion of RAN2 e-mail [86#28][LTE/DC]
· 
The table also assumes the two proposals included in the previous section
· 
In case there is UE operation applicable in every cell of a row/ column, this behaviour is included in the edge cell i.e. the leftmost/ top cell respectively.

· 
The remaining cell specific action only includes the following items: PDCP re-establishment, alternative PDCP re-establishment

· 
For simplicity MCG-RLC re-establishment is always assumed to be done upon handover although it is not needed when the MCG-RLC entity is released (but it does not really hurt either)

· 
Release/ addition of SCG-RLC entity upon SCG change (with/ without handover) is reflected in the top row, but obviously applies only in case the current configuration includes an SCG-RLC entity (i.e. not for MCG DRB)
	
	1. Normal reconfiguration
	2. Handover with SCG change
PDCP: re-establish
MCG-MAC: reset
MCG-RLC: re-establish

SCG-MAC: reset
SCG-RLC: re-establish, if split/ SCG DRB (source config)
	3. Handover with SCG release
PDCP: re-establish
MCG-MAC: reset
MCG-RLC: re-establish

SCG-MAC: rel + add
	4. SCG change

SCG-MAC: reset
SCG-RLC: re-establish, if split/ SCG DRB (source config)
	5. SCG release

SCG-MAC: rel
	6. SCG establishment

SCG-MAC: add

	a. MCG (no DRB type change)
	None
	None
	None
	None
	None
	None

	b. Split (no DRB type change)
	None
	None
	N/A
	PDCP: alternative re-establish
	N/A
	N/A

	c. SCG (no DRB type change)
	None
	None
	N/A
	PDCP: re-establish
	N/A
	N/A

	d. MCG( Split

PDCP: UL route

SCG-RLC: add
	None
	None
	N/A
	None
	N/A
	None

	e. MCG ( SCG

PDCP re-establish

MCG-RLC: rel

SCG-RLC: add
	None
	None
	N/A
	None
	N/A
	None

	h. SCG ( MCG

PDCP re-establish

MCG-RLC: add

SCG-RLC: rel
	None
	None
	None
	None
	None
	N/A

	i.  Split ( MCG

SCG-RLC: rel
	PDCP: alternative re-establish
	None
	None
	PDCP: alternative re-establish
	PDCP: alternative re-establish
	N/A


Tab. 1: UE operation upon SCG change and relevance of each scenario
Some further remarks:

· 
Several actions performed upon handover are already covered by the current procedural specification: PDCP: re-establish, MCG-MAC: reset, MCG-RLC: re-establish

· 
Several actions indicated in the table are the normal actions performed upon receiving the field indicating the concerned action (meaning that in the procedural specification this is implicitly covered): XCG-MAC rel/ add, XCG-RLC rel/ add, PDCP UL route (data path). For such action no additional specification is thus needed
· 
The previous means that the procedural specification merely needs to additionally cover the blue parts i.e: that the UE shall perform:

· 
PDCP re-establishment upon DRB type change MCG ( SCG, split ( SCG, as well as of SCG DRB upon SCG change

· 
Alternative PDCP re-establishment upon DRB type change split ( MCG upon reconfiguration other than HO, as well as of split DRB upon SCG change

Proposal 3
RAN2 is requested to confirm the UE operation upon the DRB reconfiguration reflected in table 1.

A corresponding draft CR illustrating the changes to 36.331 is provided in [3]. RAN2 is requested to review that CR in conjunction with this document.

3 Conclusion & recommendation
This contribution discusses the procedural specification for a UE configured with dual connectivity, in particular focussing on the layer 2 operations performed upon handover, SCG change/ release, possibly in combination with change of DRB type. RAN2 is requested to conclude the following related proposals and to review the corresponding CR in [5]:

Proposal 1
RLC and MAC entities are specific to a cell group i.e. even though delta signalling is used, an entity is released and added upon switch between MCG and SCG DRB. The PDCP entity is not specific to a cell group i.e. it continues upon switch between MCG and SCG DRB.

Proposal 2
Modify the RLC release procedure to include the operations performed upon RLC re-establishment)

Proposal 3
RAN2 is requested to confirm the UE operation upon the DRB reconfiguration reflected in table 1.
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A. Handover procedural specification (Annex)
The following table summarises how the UE behaviour upon handover is specified, covering both the typical case of delta signalling as well as the case fullConfig is used.
	Handover/ delta
	FullConfig
	Notes

	Reset MAC
	Considered functionally equivalent as release + addition of MAC entity

	Re-establish PDCP for all RBs that are established
	

	Re-establish RLC for all RBs that are established
	Considered not entirely functionally equivalent as release + addition of RLC entity. I.e. for RLC release specification does not explicitly state/  mandate reassembly of RLC SDUs and  forwarding to upper layers

	Consider SCells to be deactivated
	

	Apply the received CRNTI, resourceConfigDed & mobilityControlInfo
	Release the current configuration (common if mobilityControlInfo included)

Apply the default configuration (Phy, SPS, MAC main), logical channel and RLC for SRB1/ 2

For EPS included in drb-ToAddModList (i.e. continueing): release PDCP/ RLC/ DTCH entities & DRB identity

For other EPS bearers: same, but also inform upper layers about the release 
	Note that in case of fullConfig, the UE still initially resets/ re-establishes L2 (before releasing)

	Reconfigure security
	

	Apply other configurations received (SCells, measConfig, otherConfig) 
	

	If RA success, consider procedure completed successfully
	


Some further remarks:

MAC and RLC:
· 
The UE action upon release and addition of a MAC entity is functionally equivalent to MAC reset. The release and addition of an RLC entity is also functionally equivalent to re-establishment of an RLC entity, with one exception: the standard does not mandate the UE to flush (i.e. to reassemble and forward SDUs to upper layers), even though it seems to be the common understanding is that it is beneficial to perform such flush upon release of an RLC entity
· 
In both handover cases (regular/ delta and fullConfig), the UE is specified to perform MAC reset and to re-establish PDCP and RLC, even though it seems more or less redundant to perform this operation in case of fullConfig
PDCP

· 
Upon SCG change as well as upon DRB type change, PDCP needs to continue in order to avoid data loss i.e. regardless of the use of delta signalling, the PDCP entity can not simply be released and added but has to continue and be re-established (as upon HO)
B. RAN2#87 agreements on L2 handling (Annex)

The following table provides an overview of the agreements regarding the L2 reconfiguration upon DRB reconfiguration. A separate column is added including some clarification, reflecting our understanding. The same column also indicates changes compared to Tab. 1 in R2-143521.

	No
	Agreement
	Clarification
	Differences, if any

	1
	When bearer type is changed from Split to MCG bearer or changed from Split to Split bearer (without MeNB HO), followings are applied:

-        Continue using same keys

-        No ROHC reset

-        For DL, PDCP PDU reordering procedure continues for Split to Split bearer change

-        For DL, PDCP status report transmission for DL transport, if configured by upper layer.

-    For UL, Restart transmissions of PDCP PDU’s previously transmitted via SCG for which delivery is not confirmed by lower layers
	Alternative PDCP re-establishment

1a) For split to MCG DRB type change, alternative PDCP re-establishment is assumed to be performed upon normal reconfiguration, SeNB Change and SCG release
1b) For split DRB (no type change) alternative PDCP re-establishment is assumed to be performed upon SeNB Change without HO (i.e. not in case of normal reconfiguration)
	None

	2
	When bearer type change between MCG bearer and SCG bearer, or SCG bearer and SCG bearer (SCG removal and addition),  normal PDCP re-establishment will be applicable at an individual bearer level
	2a) For change between MCG and SCG DRB type, normal PDCP re-establishment is assumed to be performed upon any reconfiguration i.e. including HO and/ or SeNB Change

2b) For SCG DRB (no type change), normal PDCP re-establishment is is assumed to be performed upon SeNB Change without HO
	None

	3
	When bearer type change from MCG to Split bearer, neither PDCP status report nor UL PDCP retransmission are triggered
	This rule is assumed to be for MCG to split DRB type change without HO (but possibly with SCG change/ establishment)
	

	4
	When bearer type is changed from Split to MCG bearer:

-    Split bearer is changed to MCG bearer or released at inter-MeNB handover.

-    Temporary reordering is considered only for Bearer Type change from Split bearer to MCG bearer case without involving Security Key change and Header Compression reset

-    At Split bearer to MCG bearer change with MeNB handover, the PDCP PDU reordering is disabled immediately and legacy PDCP re-establishment procedure is applied.

-    At Split bearer to MCG bearer change with MeNB handover, the PDCP PDUs stored in the PDU reordering buffer are deciphered and decompressed and kept in the PDCP, associated with COUNT. After MeNB handover, legacy SDU reordering applies
	4a) W.r.t. the PDCP operation, the first bullets about split to MCG DRB type change without HO (but possibly with SCG change/ release) are covered by 1a already (i.e. the statement about re-ordering is assumed to be PDCP internal operation)

4b) The last 2 bullets about split to MCG DRB type change with HO (with SCG change/ release), merely indicate that normal PDCP re-establishment applies (i.e. the additional statements statement about re-ordering are assumed to be PDCP internal operation)
	Nothing visible to RRC

	5
	When bearer type is changed from Split to Split bearer:

-    Split bearer to Split bearer change is supported at intra-MeNB handover

-    At Split bearer to Split bearer change with MeNB handover, the PDCP PDUs stored in the PDU reordering buffer are deciphered and decompressed and kept in the PDCP, associated with COUNT. After MeNB handover, the reordering should take into account both SDUs and PDUs
	5) The last bullet is about split DRB (no type change) upon HO (with SCG change), and merely indicates that normal PDCP re-establishment applies (i.e. the additional statements statement about re-ordering are assumed to be PDCP internal operation)
	Nothing visible to RRC

	6
	After bearer type change from MCG to Split bearer or from Split to Split bearer, PDCP maintains a Split bearer reordering function to reorder both SDUs and PDUs
	6) These statements statement about re-ordering are assumed to be PDCP internal operation
	Nothing visible to RRC

	7
	At UL direction change, RLC keeps retransmitting RLC PDUs, and eNB PDCP performs PDU reordering
	7) Upon change of UL path we assume in RRC we merely specify that PDCP is reconfigured in accordance with the received field i.e. additional operation is assumed to be PDCP internal
	Nothing visible to RRC


The following table summarises the agreements, focusing on PDCP operation.

	Scenario
	Normal
	HO with SCG change
	HO with SCG release
	SCG change
	SCG release
	SCG establishment

	MCG
	No action
	PDCP re
	PDCP re
	No action
	No action
	Legacy

	Split
	No action
	PDCP re (5)
	N/A
	PDCP alt (1b)
	N/A
	N/A

	SCG
	No action
	PDCP re
	N/A
	PDCP re (2a)
	N/A
	N/A

	MCG-> Split
	No action (3)
	PDCP re
	N/A
	PDCP re (3)
	N/A
	PDCP re (3)

	MCG-> SCG
	PDCP re (2a)
	PDCP re (2a)
	N/A
	PDCP re (2b)
	N/A
	PDCP re (2a)

	Split-> SCG
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	SCG-> Split
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	SCG-> MCG
	PDCP re (2a)
	PDCP re (2a)
	PDCP re (2a)
	PDCP re (2a)
	PDCP re (2a)
	N/A

	Split-> MCG
	PDCP alt (1a)
	PDCP re (4b)
	PDCP re (4b)
	PDCP alt (1a)
	PDCP alt (1a)
	N/A


Note
PDCP re: normal PDCP re-establishment, PDCP alt: alternative PDCP re-establishment (name to be decided). In between brackets is areference to the agreement, see column Clarification.

We assume that in RRC we will just specify ‘the UE applies (alternative) PDCP re-establishment’ and that any further aspects like indicated below are not visible to RRC (i.e. this is all PDCP internal)
· When a PDCP status report is triggered

· From what PDU to re-start transmission

· Any actions w.r.t. (temporary) re-ordering
· Actions like deciphering/ decompression of packets in reordering buffer PDCP, associated with COUNT (
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