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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. These changes are quite limited when we can assume that a) an RLC entity is flushed upon release, and b) delta signalling is not used upon SCG change and for PDCP, when the entity moves between MCG and SCG. 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
· 
As SCG change includes release and addition of the entire SCG, we have assumed that in case of SCG change there is no delta signalling for the DRBs. We note however that this may depend on whether the SCG configuration also covers the DRBs. Moreover, from RAN2 e-mail discussion [86#28][LTE/DC] it appears that this may not the understanding of all companies. Hence we discuss this point further on

· 
As part of RAN2 e-mail discussion [86#28][LTE/DC] it is proposed to agree to use delta signalling upon DRB type change, including the case the DRB type changes from MCG to SCG or vice versa unless unexpected complexities appear. The remainder of this contribution is not based on this proposed agreement, as we have some concerns regarding the signalling implications, see [4]

2.2 Specation aspects

Annex A includes a summary of the current procedural specification for handover. Some 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
· 
In case SCG change involves involves release and addition of the (MAC and RLC parts of the) DRB configuration there are two options for specifying the MAC and RLC behaviour i.e. to either a) redundantly specify that the UE shall perform MAC reset and RLC re-establishment alike upon handover with fullConfig or b) introduce no such statements, but modify the RLC release by adding explicit statements about flushing

· 
In case SCG change is performed in combination with delta signalling, at least for the (MAC and RLC parts of the) DRB configuration, statements need to be introduced to specify that the UE shall perform MAC reset and RLC re-establishment

· 
The same statements are needed upon DRB type change involving move of PDCP (assuming delta signalling)

PDCP

· 
Upon SCG change as well as DRB type change involving move of PDCP, 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

· 
Although it seems a little strange to specify PDCP continuation while the signalling includes release and addition of the DRB configuration, there does not really seem to be a showstopper. I.e. the UE could derive the delta by comparing the new configuration with the current one, and act as if the delta were signalled.
Delta signalling upon SCG change
· 
As indicated previously, we think it would be good to consider the implications of using of delta signalling upon SCG change

· 
The use of delta signalling upon SCG change requires some additional changes: a) a field indicating the UE shall perform actions defined upon SCG change i.e. the layer 2 flush, b) forwarding of the SCG-Configuration upon inter-SeNB change, c) additional statements need to be introduced for MAC and RLC (i.e. the flush is not automatically triggered anymore by release and addition of these entities). At the same time, the use of delta signalling avoids the specification of PDCP continuation while the signalling involves release and addition of PDCP

· 
The use of delta signalling upon SCG change only really makes sense if delta signalling is supported also upon DRB type change beteen MCG and SCG DRB, as otherwise we still need to introduce PDCP continuation while the signalling involves release and addition of PDCP. As the benefits seem limited, we furthermore think that delta signalling upon DRB type change should not only be agreed in case it does not result in additional complexities.

· 
We think that use of delta signalling upon SCG change can be somewhat regarded as re-opening previous agreements, and hence we think it should only be done if there is suffient gain. As we are not sure what the implications are to support delta signalling upon DRB type change, and we see no real need, we are quite hesitant to support this generally.

Considering the previous, we propose the following:
Proposal 1
RAN2 is requested to discuss and conclude whether SCG change involves either release and addition or delta signalling of the (DRB) configuration
In particular when RAN2 agrees that SCG change involves release and addition of the (DRB) configuration, we furthermore propose RAN2 to agree the following:

Proposal 2
Introduce statements to clarify that an RLC entity is flushed upon release

Note 1
Upon handover, delta signalling applies for all configuration parts including the (dedicated) physical SCell configuration. 

Note 2
If RAN2 would agree that there is no need for a synchronous reconfiguration without layer 2 flush, field mobilityControlInfoSCG could be used to indicate SCG change (i.e. the field used to trigger RA on PSCell). 

2.3 UE behaviour in different scenario’s (what to do when)

The procedural specification should cover DRB type change, SCG change, handover as well as all possible combinations. 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 is based on the assumption that upon release of an RLC entity the UE flushes to upper layers
· 
The table is based on the assumption that delta signalling is not used for either of the two lossless L2 flush cases (SCG change and change of DRB type from MCG DRB to SCG DRB or vice versa)

· 
The table reflects that in some specific cases a somewhat different type of PDCP re-establishment may be performed, as currently discussed (indicated as alternative PDCP re-establishment)
· 
Colours are used to indicate the importance to support each of the different cases

· 
Green: Case that needs to be supported

· 
Orange: Case that may need to be supported e.g. if we want to avoid an SCG without DRB

· 
Red: Case that does not seem essential to support, but may be supported if no additional complexity

· 
Dark-red: Case that need not be supported in Rel-12

· 
Black: Case that does not exist

· 
Rationale behind the colours indicated

· 
There does not seem to be a real need to move traffic towards SCG immediately upon handover, while moving traffic in the other direction seems important to support (as the target SeNB may not be able to admit the same DRBs). The latter could also be debated as RAN2 earlier agreed that inter-SeNB SCG change upon handover is not really essential for REL-12

· 
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: rel + add
SCG-RLC: rel + add, 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: rel + add
SCG-RLC: rel + add, 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
	
	PDCP: alternative re-establish
	
	

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

	d. MCG( Split

PDCP: UL route

SCG-RLC: add
	None
	None
	
	None
	
	None

	e. MCG ( SCG

PDCP re-establish

MCG-RLC: rel

SCG-RLC: add
	None
	None
	
	None
	
	None

	f. Split ( SCG

PDCP re-establish

MCG-RLC: rel

SCG-RLC: rel + add
	Note
	None
	
	None
	
	

	g. SCG ( split

PDCP re-establish

MCG-RLC: add

SCG-RLC: rel + add
	Note
	None
	
	None
	
	

	h. SCG ( MCG

PDCP re-establish

MCG-RLC: add

SCG-RLC: rel
	None
	None
	None
	None
	None
	

	i.  Split ( MCG

SCG-RLC: rel
	PDCP: alternative re-establish
	None
	None
	PDCP: alternative re-establish
	PDCP: alternative re-establish
	


Tab. 1: UE operation upon SCG change and relevance of each scenario
Note 3
This DRB type reconfiguration case was already agreed to be low priority for REL-12. The scenario may require some further handling like change of logical channel identity. 

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)

· 
Whether this is the case for release of MCG-RLC upon DRB type change depends on the actual signalling details. I.e. if upon change from Split to SCG-DRB a field is signalled explicitly indicating release of the MCG-RLC entity, no additional specification is needed
· 
In case delta signalling would be used upon SCG change (meaning the RLC and MAC fields are not released and added), statements need to be introduced to reflect SCG-MAC is reset and SCG-RLC is re-established

· 
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 SCG change and relevance of each scenario, as indicated in table 1.

A corresponding draft CR illustrating the changes to 36.331 is provided in [5]. 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
RAN2 is requested to discuss and conclude whether SCG change involves either release and addition or delta signalling of the (DRB) configuration

Proposal 2
Introduce statements to clarify that an RLC entity is flushed upon release

Proposal 3
RAN2 is requested to confirm the UE operation upon SCG change and relevance of each scenario, as indicated 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
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