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1 Introduction
In RAN2#86 meeting, RRC procedures were discussed and many agreements made. One of the biggest changes was to agree to allow intra-MeNB HO while keeping SeNB. This means that synchronous reconfigurations (e.g. key change of S-KeNB and K-eNB) can be done with a single RRC message. 

For intra-cell HO it was agreed:

1
During SCG Change, SCG-MAC is reset; SCG-RLC and SCG-PDCP (in case of SCG bearer) entities are re-established.  

2
Allow intra-MeNB HO to include release of the SCG and addition of a non-disjunct SCG (i.e. cells of the same SeNB). 
The UE behaviour with respect to the SCG is the same as for SCG Change. The UE also does not need to determine whether it is an intra- or inter-MeNB handover. 
The NW may suppress the path switch since source and target SCG are the same. 

Further, for security it was agreed:

1
The key refresh procedure design should address the key refresh due to the change of KeNB (either initiated by MME or MeNB locally) and S-KeNB refresh initiated by the SeNB.

2
There is one RRC message for SCG release/add that can be used to …


a) refresh S-KeNB (as part of RRCConnectionReconfiguration). 


b) as part of intra-MeNB handover (as part of RRCConnectionReconfiguration with mobilityControlInfo; involving KeNB refresh and S-KeNB refresh)

Finally for RRC procedures it was agreed:

3:
As a starting point, introduce a single new section covering all SCG reconfigurations: “regular”, “synchronous” and “SCG Change” (i.e. a synchronous SCG reconfiguration involving release and addition of the same or a different SCG).

6:
As a baseline, L2 reconfigurations that can currently only be done upon handover should be restricted to the corresponding SCG procedure: “SCG Change” which is a synchronous SCG reconfiguration involving release and addition of the SCG.

Finally, in UP session it was agreed:

=>
At split bearer reconfiguration towards MCG bearer, MCG RLC is not re-established

In this contribution we discuss remaining issues on RRC procedures. Especially, we focus on L2 handling in different scenarios.

2 RRC reconfiguration scenarios
In dual connection, the following scenarios can occur and RRC procedures for these cases need to be considered:

1. SCG addition

2. SCG release

3. Inter-SCG change

4. SCG reconfiguration

a. Changing the type of the bearer

b. Changing security key of SCG

c. Other changes
5. Intra-MCG HO while keeping SCG

6. Inter-MCG HO 

7. S-RLF 
In email discussion [86#28], RRC specification was discussed in more detail. The current running RRC CR supports the following RRC procedures for dual connectivity signalling:

1. SCG change 

a. In the current CR, this procedure includes IEs fullConfig, mobilitycontrolinfoSCG and security parameters (if the UE is configured with SCG bearers). 
b. This case can be further split to the case without legacy mobilityContolInfo (only S-KeNB changes) and with legacy mobilityControlInfo (both K-eNB and S-KeNB changes).

2. Synchronized reconfiguration (including mobilityControlInfoSCG)

3. Regular reconfiguration

In the following we will discuss further which RRC procedures are used for each case and the L2 handling of the corresponding reconfigurations.
3 RRC procedures and L2 handling 
3.1 SCG addition

In this scenario, SCG is added first time. This procedure has similarities to current HO but also to initial RRC Connection establishment.  
There are two open issues for this case:

· Which RRC procedure to use for SCG Addition?

· How should MAC entity be established during each SCG addition and removal?
With respect to selected RRC procedure, there are two alternatives: Either the same branch as used for SCG Change is used or alternatively, synchronized reconfiguration is used. As initial SCG addition includes generation of security keys and RLC/PDCP entities, it is easier to use same procedure as used during SCG Change. 

Proposal 1 Initial SCG addition is done with the same RRC procedure as SCG Change (or part of it)
As discussed in [3], in the current architecture, there is one MAC entity always existing. This MAC entity (or MAC layer) is not separately created during the initial connection establishment. During handover, the MAC entity is reset but not re-established. In dual connectivity, there are three alternatives: 1) assume that two MAC entities do always exist, 2) create a MAC entity for the SCG during the very first SCG addition or 3) create the MAC entity during each time a new SCG is added again. In practice, there should not be any differences in these approaches as all timers and state variables in the MAC should be reset anyway during SCG Change. For simplicity, we assume the first alternative in this contribution.
Proposal 2 Assume that there are always two MAC entities for the UE supporting dual connectivity. There is no need to explicitly establish MAC entities.
L2 handling during initial addition of the SCG is rather straightforward. There is a need to create the RLC entities for the SCG and split bearers as well as PDCP entities for the split bearers. In addition, SCG MAC is reset.
Proposal 3 During addition of SCG, SCG MAC is reset, SCG RLC for split and SCG bearers are established and PDPC entity for the SCG bearer is  established
In this procedure, MCG bearers are not impacted at all. 
3.2 SCG release

In this scenario, an SeNB is released. This can be initiated by the MeNB or the SeNB, e.g. due to detected S-RLF or some other issue such as congestion. 

Also, in this scenario, MCG bearers are not affected. Handling of SCG and split bearers depends on if they are released or moved to MeNB. We assume that typical case is to move them to MeNB instead of releasing. 
If an SCG bearer is moved to MeNB, handling in the UE should be similar to legacy handover: PDCP is re-established and RLC is re-established (and then removed). 
Proposal 4 During release of the SCG, if an SCG bearer is reconfigured as an MCG bearer, PDCP is re-established and SCG RLC is re-established and then removed.  
When a split bearer is moved to the MeNB (as a MCG bearer), downlink-PDCP is continued (with continued reordering), SCG RLC is re-established and then removed. Special attention needs to be paid in this case to the UL behavior of the split PDCP: retransmission of unacknowledged PDUs previously transmitted via the SCG RLC needs to be done on MCG RLC. This implies that partial PDCP reestablishment needs to be introduced.
Proposal 5 During release of the SCG, if a split bearer is reconfigured as an MCG bearer, SCG RLC is re-established and then removed. In addition, UL PDCP needs to retransmit unacknowledged PDUs previously transmitted via SCG RLC.
It should be noted that if previously UL for the split bearer was configured in the SCG, then data needs to be routed to MCG RLC from this point on. This new mapping follows implicitly from the new RRC configuration seen in the PDCP layer where routing is done. 

Considering the actual RRC procedure, one option is to re-use the SCG Change procedure also for the release case. This ensures that PDCP and RLC entities are re-established in correct way. 

Proposal 6 Release of the SCG is done by same procedure as SCG Change (or parts of it).
3.3 SCG Change

This scenario has been discussed already in RAN2. It has been agreed that during SCG Change (either same or different SCG), SCG-MAC is reset; SCG-RLC and SCG-PDCP (in case of SCG bearer) entities are re-established.
Similarly as agreed for the reconfiguration of split bearer to MCG bearer, also in this scenario of SCG change, downlink PDCP of split bearer should not be affected. However, as described in the previous section, PDCP needs to undergo partial re-establishment in the uplink to cope with the reestablishment of SCG RLC. We thus clarify:
Proposal 7 DL part of PDCP of split bearer is not affected at SCG change. UL part of PDCP needs to retransmit unacknowledged PDUs previously transmitted via SCG RLC.
3.4 Inter-MCG handover 
RAN2 has agreed that inter-MCG handover while keeping SCG is not supported. Thus, change of MCG implies the release of the SCG and adding it again after the handover. From L2 handling point of view, same procedures as for normal adding and releasing of the SCG can be reused.
3.5 Intra-MCG handover 

In the last RAN2 meeting, it was agreed to support intra-MCG change while keeping SCG. This can be e.g. used to change all security keys in MCG and SCG or change PCell of the MCG.

It was agreed that same procedures as for SCG Change will be used. This releases and adds SCG and re-establishes PDCP of the SCG bearers and RLC of the split and SCG bearers consequently.
It should be noted that in this scenario, also PDCP of the split bearer needs to be re-established. This should however be handled by the legacy HO procedure, as PDCP of a split bearer can be regarded as part of the MCG (resigns in MeNB in network side).
Proposal 8 During intra-MCG handover, PDCP and RLC entities of all bearers need to be re-established and all MAC entities reset.
Actually, the current HO (RRCConnectionReconfiguration with mobilityControlInfo) already triggers re-establishment of PDCP and RLC of all bearers. So in that sense, nothing special is needed from the RRC procedure point of view. 

3.6 Other reconfigurations
In this subsection we discuss the rest of the reconfiguration scenarios. We focus on such cases which have impact on PDCP and RLC operation. One such case is the reconfiguration of the bearer type. 

There are the following bearer reconfiguration scenarios:

1. Reconfigure MCG bearer as SCG bearer

2. Reconfigure MCG bearer as split bearer
3. Reconfigure SCG bearer as MCG bearer

4. Reconfigure SCG bearer as split bearer

5. Reconfigure split bearer as MCG bearer

6. Reconfigure split bearer as SCG bearer

RAN2 has not really discussed if all of these cases need to be supported in one RRC message. We would expect that cases 1, 2, 3, and 5 need to be supported whereas cases 4 and 6 are not so common.
In all above cases the RLC entity needs to be re-established for at least one part of the bearer. When the bearer is changed from SCG to MCG bearer, or vice versa, also PDCP needs to be re-established. This maps exactly to the discussed SCG change procedure, thus to simplify, all the bearer type changes could be handled with SCG Change procedure. 

Proposal 9 Bearer type changes are handled with SCG Change procedure. This results re-establishment of RLC entities for SCG and split bearers and re-establishment of PDCP for SCG bearer.
As discussed previously in this contribution, special attention needs to be paid to case 5, where a split bearer is reconfigured to an MCG bearer, where UL part of the bearer needs to be re-established, as further discussed in [2].
Proposal 10 Furthermore, when SCG bearer is reconfigured as an MCG bearer, UL PDCP needs to retransmit unacknowledged PDUs previously transmitted via SCG RLC.
3.7 Reconfiguration after S-RLF

We discuss S-RLF procedure more in contribution [1]. After S-RLF, it can be assumed that MeNB reconfigures the UE. Similar to legacy re-establishment, when the bearers are resumed again, RLC of the SCG and split bearers and PDCP of the SCG bearers need to be re-established. For this purpose SCG Change procedure should be used as discussed in email discussion [86#28]. 
3.8 Conclusion of the RRC procedures 

With respect to RRC procedures, a mapping of the scenarios to the corresponding RRC procedures is given in the following Table.

	Scenario 
	RRC procedure

	SCG Addition
	SCG Change (addition part)

	SCG Release
	SCG Change (release part)

	Inter-SCG Change
	SCG Change 

	SCG Reconfiguration
	

	           Changing the type of the bearer
	SCG Change. 

	           Changing security key of SCG
	SCG Change

	           Other changes
	(Synchronized) reconfiguration

	Intra-MCG HO 
	(HO + SCG Change) in one RRC message

	Inter-MCG HO 
	HO (including release) + SCG Change (addition part)

	Reconfiguration after SCG RLF
	SCG Change


4 Conclusion

In the previous sections we have discussed how to support different scenarios by the RRC procedures and especially how to handle L2 re-establishment in each case. We have made the following proposals:
Proposal 1
Initial SCG addition is done with the same RRC procedure as SCG Change (or part of it)
Proposal 2
Assume that there are always two MAC entities for the UE supporting dual connectivity. There is no need to explicitly establish MAC entities.
Proposal 3
During addition of SCG, SCG MAC is reset, SCG RLC for split and SCG bearers are established and PDPC entity for the SCG bearer is  established
Proposal 4
During release of the SCG, if an SCG bearer is reconfigured as an MCG bearer, PDCP is re-established and SCG RLC is re-established and then removed.
Proposal 1
During release of the SCG, if a split bearer is reconfigured as an MCG bearer, SCG RLC is re-established and then removed. In addition, UL PDCP needs to retransmit unacknowledged PDUs previously transmitted via SCG RLC.
Proposal 2
Release of the SCG is done by same procedure as SCG Change (or parts of it).
Proposal 3
DL part of PDCP of split bearer is not affected at SCG change. UL part of PDCP needs to retransmit unacknowledged PDUs previously transmitted via SCG RLC.
Proposal 4
During intra-MCG handover, PDCP and RLC entities of all bearers need to be re-established and all MAC entities reset.
Proposal 5
Bearer type changes are handled with SCG Change procedure. This results re-establishment of RLC entities for SCG and split bearers and re-establishment of PDCP for SCG bearer.
Proposal 6
Furthermore, when SCG bearer is reconfigured as an MCG bearer, UL PDCP needs to retransmit unacknowledged PDUs previously transmitted via SCG RLC.
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