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1 Introduction 
 This paper intends to summarize radio bearer type change and in addition the change between split bearer and split bearer by SCG change is also discussed.
2 Summary of radio bearer type change
The change between SCG and MCG with or w/o handover is kind of simple because legacy UE’s behaviour can be followed since security key will be changed anyway. Before dual connectivity is introduced PDCP re-establishment will be done per UE. However current specification is written in such way that it can be reused directly for PDCP re-establishment per radio bearer. 
	With or w/o HO
	MCG bearer
	SCG bearer

	MCG bearer
	Covered by 5.2.2 *
	Before reconfiguration: Covered by 5.2.2.1
After reconfiguration: covered by 5.1.2.1.2

	SCG bearer
	Before reconfiguration: Covered by 5.2.2.1
After reconfiguration: covered by 5.1.2.1.2
	Covered by 5.2.2.1*


Table 1.1
Note *: no re-establishment for reconfiguration without HO
Proposal1: confirm that radio bearer change between MCG bearer and SCG bearer is already captured in current specification i.e. no change is needed.
It was also agreed that no direct change between SCG bearer and split bearer will be supported. So the main interesting bearer change cases are between MCG bearer and split bearer or between split bearers. For normal reconfiguration i.e. w/o handover, when one MCG bearer is changed to split bearer UE need only start PDCP reordering functionality and that’s it. And it was agreed that UE will start it when it receive corresponding RRC message. When one split bearer is changed to MCG bearer, PDCP reordering will continue for a while. The detail is discussed in paper [2]. The change between split bearer and split bearer is however not discussed completely. The main issue is how to continue the PDCP reordering functionality and will be discussed in this paper.
	w/o HO
	MCG bearer
	split bearer

	MCG bearer
	Covered by table 1.1
	Section 5.1.2.1.x.1 **

	split bearer
	Section 5.1.2.1.x.1* *and section 5.1.2.1.2 separated by stop condition
	PDCP reordering continue ? And how?


Table 1.2
Note* *: i.e. new section introduced to describe PDCP reordering functionality
For normal handover procedure the achieved agreements of last meeting suggest that normal PDCP re-establishment can be applied. However it is also identified reusing existing specification maybe not proper. This mainly because when PDCP layer start to treat PDCP PDUs from lower layer there are two RLC entities. So still newly introduced section 5.1.2.1.x.1 shall be applied. In order to avoid UE submit PDCP SDUs to upper layer directly, PDCP reordering timer shall be stopped. But it is not clear how does UE treat other PDCP variables. If split bearer is changed to split bearer, PDCP reordering will continue otherwise PDCP reordering shall be stopped completely. It is not correct that all the related PDCP variables are reset to initial value once the PDCP reordering is started considering PDCP reordering maybe continue. So the better way is to differentiate when PDCP reordering is stopped.
	with HO
	MCG bearer
	split bearer

	MCG bearer
	Covered by table 1.1
	Before HO: section 5.2.2.1
After HO: Section 5.1.2.1.x.1 ***

	split bearer
	Before HO: section 5.2.2.1a
After HO: Section 5.1.2.1.2
	Before HO: section 5.2.2.1a
After HO: Section 5.1.2.1.x.1***


Table 1.3
Note ***: reordering between PDCP SDUs and PDCP PDUs is also covered by this section
Text proposal for section 5.2.2.1a
5.2.2.1a
Procedures for split DRBs mapped on RLC AM
When upper layers request a PDCP re-establishment, the UE shall:

-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.x.1;
-
stop reordering Timer;
-
reset corresponding PDCP reordering variables only if it is changed to be MCG bearer;
-
decipher and decompress the PDCP data PDUs stored in the reordering buffer;
-
reset the header compression protocol for downlink and start with NC state in U-mode (if configured) [9] [11];
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.

Proposal2: to agree on above text proposal
3 Change between split bearer and split bearer without handover
This change can be done by the procedure defined in section 6.1.1.1.1 [1] (Annex). Because UE can still receive PDCP data from MeNB it sounds PDCP reordering should continue as usual. And since PDCP PDUs from source SeNB stops most likely that one reordering timer is started when UE leaves source SeNB when receiving RRCConnectionRequest message i.e. step4. The PDCP PDUs from target SeNB will resume after target SeNB has received RRCConnectionComplete message and RACH procedure is finished. In addition it also need wait for PDCP PDUs from MeNB. The delay between step4 and step 7 is roughly 45ms (DL RRC message 5ms+15ms RRC treatment+UL RRC message 10ms+ 10ms RACH procedure+5ms PDCP status report). If status report from source SeNB and PDCP data from MeNB to target SeNB can be transferred in parallel with step4 and step5 and step6 is done also in parallel with step7, then the interruption due to RRC connection reconfiguration will be around 45ms. Otherwise it could be around 80~90ms assuming X2 delay is 10ms. In short the delay due to RRC connection reconfiguration could be between 45ms~90ms.
PDCP reordering timer is used to accommodate delay difference between MeNB and SeNB. The interruption time due to RRC connection reconfiguration is however extra delay i.e. it is normally not taken into account. This may result in PDCP data loss because reordering timer could expire before PDCP PDU from target SeNB arrives after RRC connection reconfiguration. This situation may be even worse when reordering timer has started before UE receive RRCConnectionReconfiguration.
In order to avoid such situation extra delay due to RRC connection reconfiguration should be taken into account. Here are 3 alternatives:
Atl1: extra delay is taken into account when configuring reordering timer initially
Alt2:  the reordering timer is stopped when receiving 

Alt3: to restart the reordering timer when 1st PDCP PDU is received from target SeNB

A longer reordering timer will not cause problem if it is always stopped in advance. But sometimes it will expire e.g. due to discarded packet in transmitter. In this case longer reordering timer will stall the reordering window too long. So alt1 is too pessimistic. Alt3 could achieve best performance since real extra delay is skipped. The problem is PDCP layer actually doesn’t differentiate where the PDCP PDUs comes from. Alt2 is simple from specification point of view and it accommodates any extra delay. The reordering timer may be started again after UE receive PDCP PDU from target SeNB.
Proposal3: when split bearer is changed to split bearer by SCG change, reordering timer is stopped while corresponding variables is not reset to initial value.
4 Conclusion
Proposal1: confirm that radio bearer change between MCG bearer and SCG bearer is already captured in current specification i.e. no change is needed.
Proposal2: to agree on text proposal in section2
Proposal3: when split bearer is changed to split bearer by SCG change, reordering timer is stopped while corresponding variables is not reset to initial value.
5 Annex
5.1.1.1.1 10.1.2.X.4
SeNB Change

The SeNB Change procedure is intiated by MeNB and used to transfer a UE context from a source SeNB to a target SeNB and to change the SCG configuration in UE from one SeNB to another. PSCell is determined by SeNB.
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Figure 10.1.2.X.4-1: SeNB Change procedure.

Figure 10.1.2.X.4-1 shows an example signaling flow for the SeNB Change procedure: 

1./2.
The MeNB initiates the SeNB Change procedure by requesting the target SeNB to allocate resources for the UE by means of the SeNB Addition Preparation procedure.
If forwarding is needed, the target SeNB provides forwarding addresses to the MeNB.

3.
If the allocation of target SeNB resources was successful, the MeNB initiates the release of the source SeNB resources towards the UE and Source SeNB. 
If data forwarding is needed the MeNB provides data forwarding addresses to the source SeNB. Either direct data forwarding or indirect data forwarding is used.
Reception of the SeNB Release Request message triggers the source SeNB to stop providing user data to the UE and, if applicable, to start data forwarding.
Editor’s Note 2:
The need for an acknowledgment of SeNB Release is still FFS. 
4/5.
The MeNB triggers the UE to apply the new configuration. MeNB indicates in the RRCConnectionReconfiguration message towards the UE that the UE releases the old SCG configuration and adds the new SCG configuration. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
6.
If the RRC connection reconfiguration procedure was successful, the MeNB informs the target SeNB.

Editor’s Note 3:
It is still FFS whether there is a need for the SeNB to finally confirm that the UE has taken the SeNB configuration into use. 

7.
The UE synchronizes to the target SeNB.

8./9. Data forwarding from the source SeNB takes place for E-RABs configured with the SCG bearer option. It may be initiated as early as the source SeNB receives the SeNB Release Request message from the MeNB.

10.-14. If one of the bearer contexts was configured with the SCG bearer option at the source SeNB, path update is triggered by the MeNB. 
15.
Upon reception of the UE CONTEXT RELEASE message, the S-SeNB can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue. 
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