3GPP TSG-RAN WG2 Meeting #86
R2-142307
Seoul, Korea, 19 - 23 May 2014
Agenda item:

7.1.2
Source:
NSN, Nokia Corporation
Title:
MeNB-initiated procedures for dual connectivity
WID/SID:
LTE_SC_enh_dualC-Core / Release 12

Document for:

Discussion and Decision

1
Introduction

RAN2 has been discussing the signalling flows for the Dual connectivity for a couple of meetings already. However, an overall view of which procedures are initiated by MeNB and which are initiated by SeNB has not been readily available. This contribution aims to address this by highlighting the procedures that can be initiated by MeNB. The procedures that can be initiated by SeNB are discussed in [3].  

2
Procedures initiated by MeNB 

In this chapter, we consider the procedures initiated by MeNB and the information exchanged between MeNB and SeNB as well as the UE RRC configuration contents.

Based on the current RAN2 decisions, the following procedures that can be initiated by MeNB fall into three categories: Addition, modification or removal of resources from SeNB in dual connectivity.
1. Addition of resources to SCG:

-
SCG addition (i.e. establishing dual connectivity) 

-
SCG Scell addition (i.e. adding SCells to SCG, usually based on SeNB request)
-
DRB addition to SeNB (adding a split DRB or an SCG DRB) 

2. Modification of Dual Connectivity Configuration:

-
SeNB PSCell change (based on SeNB request)
-
MeNB Security Key change (based on MeNB decision; Causes intra-cell handover and removal of dual connectivity)
-
SeNB Security Key change (1A only)

-
Change of UE RRC configuration (informing SeNB of any configuration changes for the UE, including UE context/E-RAB information and MeNB RRC configuration changes like measurement gaps or DRX.)

3. Removing resources from SCG:

-
SCG deletion (i.e. stopping dual connectivity) 

-
SCG Scell deletion (i.e. removing SCells from SCG)
-
Removing a DRB from SeNB (either by moving the DRB back to MCG or fully removing it for the UE)

For each of these procedures, there may be differences wrt. to dual connectivity architecture options 1A and 3C. What we would like establish for each these is the following:
I. What is the information signalled from MeNB to SeNB?
A. What does the SeNB do upon reception of the MeNB message?
B. What does the procedure require as a response (if any) and what is the information to be forwarded as response from SeNB to MeNB (to be used as input for the RRC containers). 

II. What is the information signalled from MeNB to UE via RRC?

A. What are the UE actions after the RRC message is received?

Once the above have been established, it is easier to see which procedures should belong to the same messages and RAN3 can then discuss the exact details of the X2AP.
3
Addition of Resources to SCG 
The following procedures are considered in this chapter:

-
SCG addition (i.e. establishing dual connectivity) 

-
SCG Scell addition (i.e. adding SCells to SCG, usually based on SeNB request)
-
DRB addition to SeNB (adding a split DRB or an SCG DRB) 
3.1
SCG Addition
This procedure establishes dual connectivity operation with SeNB. The SeNB may reject this procedure. The information in the different messages is contained in Table 1 and Table 2.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message to UE

	· UE ID (e.g. X2AP ID; identifies for which UE this is applied)

· UE capability information 

· Including any L1 restrictions for MeNB and SeNB

· AS security information (for SCG bearers only), 

· MCG configuration

· SCG SCells to be added

· DRB configuration

· Split DRBs OR SCG DRBs to be added 
· Bearer Type, E-RAB ID and QoS parameters

· UP forwarding TEIDs for 3C
· UL SGW TEIDs for 1A
· Available UE AMBR at SCG
· Measurement results of the SCells to be added  (depending on RAN2 e-mail discussion outcome)
	(Accept

· RRC container: SCG configuration 

· C-RNTI

· RA parameters

· Dedicated configuration for all SeNB SCells
· Choice of PSCell

· Data forwarding information for MeNB
· DL forwarding TEIDs for both 1A and 3C 
· DL SeNB TEIDs for 1A
(Reject

· Rejection cause
	· MCG configuration

· SCG configuration 

· DRB configuration (for MCG and SCG)

· AS security information (only for SCG bearer)




Table 1. Information needed for SCG addition
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Decision: Accept or Reject?

(Accept

· Setup SCG configuration for the UE

· Include data forwarding information in X2AP
(Reject

· Include rejection cause in the response to MeNB
	(Accept

· Construct RRC message to UE
· Include MCG configuration

· Including the SCG configuration received from SeNB
· Data forwarding actions DRBs (see [4] for further details)
(Reject
· No RRC message to UE
	· Apply received MCG and SCG configurations not depending on PSCell SFN

· Acquire PSCell MIB for SFN and apply SFN-dependent SeNB configurations only after that.

· If SCG DRB is configured, apply SeNB security configuration

· Perform random access towards SeNB using the indicated resources


Table 2. SeNB, MeNB and UE actions in the SCG addition 
Differences between 1A and 3C: In case SCG bearers are established, if the corresponding E-RAB was previously active in MeNB, similar mechanisms as for Rel-8 will be needed to guarantee lossless delivery, duplication avoidance and in-sequence delivery (i.e. for RLC AM bearers: PDCP SN will need to be maintained, data forwarding and PDCP SN based reporting will have to be used). See e.g. [5]

 REF _Ref387435399 \r \h 
[6]  for more details on PDCP handling.
3.2
SCG SCell Addition 
This procedure adds a new Scell to SCG. The SeNB may reject this procedure. The information in the different messages is contained in Table 3 and Table 4.
NOTE: This message may be triggered by e.g. RRM measurement results or SeNB assistance information.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message to UE

	· SCell to be added (carrier frequency only) 

· New sCellIndex

· UE ID (identifies for which UE this applies)

· Measurement report of the cells to be added if applicable
	(Accept
· RRC container: New SCG configuration (see SCG addition part)
(Reject

Rejection cause
	· New SCG configuration 


Table 3. Information needed for SCG SCell addition

	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Decision: Accept or Reject?

(Accept

· Setup SCG SCell configuration for the UE and include it in response
· Decide whether UE shall use RA at the end of the procedure and include RA parameters if decided

(Reject

· Rejection cause 
	(Accept

· Construct RRC message to UE: 
· Include the SCG configuration received from SeNB
(Reject

· No RRC message to UE
	· Apply received SCG configuration


Table 4. SeNB, MeNB and UE actions in the SCG Scell addition 

Differences between 1A and 3C: None identified.
3.3
DRB addition to SeNB
This procedure adds a split DRB or SCG DRB to SeNB. SeNB may reject this procedure. The information in the different messages is contained in Table 5 and Table 6.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message to UE

	· New SeNB DRB configuration (i.e. DRB(s) to be added to SeNB)
· UE ID (identifies for which UE this applies)

· UP forwarding TEIDs for 3C
· UL SGW TEIDs for 1A

	(Accept
· DL forwarding TEIDs 
· DL SeNB TEIDs for 1A
· New SCG DRB configuration 
(Reject

Rejection cause
	· New SCG DRB configuration
· New MCG DRB configuration (if MCG DRB became a split/SCG DRB)


Table 5. Information needed for DRB addition to SeNB
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Decision: Accept or reject?

(Accept

· Setup SCG/split DRB configuration for the UE

· Include data forwarding information in X2AP

(Reject

· Rejection cause 
	(Accept

· Construct RRC message to UE

· Include new DRB configuration

· Apply any data forwarding actions to MeNB
(Reject

· No RRC message to UE
	· Apply received DRB configuration


Table 6. SeNB, MeNB and UE actions in the DRB addition to SeNB
Differences between 1A and 3C: For 1A, some “handover”-like actions (for PDCP/RLC) are needed for the new SCG DRB
NOTE: At least one DRB should be already added when SCG addition is done.
3.4
Conclusions for “Addition”-Type Procedures 

We make the following observations from the previous sections:
Observation 1: The information in SCG addition request contains all information required also for SCG SCell addition or SCG DRB addition.

Observation 2: For DRB addition, MeNB constructs the MCG DRB configuration. SeNB constructs the SCG/split bearer configuration.
Based on these, we conclude:
Proposal 1: RAN2 uses the SCG addition procedure as the baseline for determining the RRC container for adding SeNB resources.

4
Modification of Dual Connectivity Configuration 

The following procedures are considered in this chapter:

-
SeNB PSCell change (based on SeNB request)
-
MeNB Security Key change (based on MeNB decision; Causes intra-cell handover and removal of dual connectivity)
-
SeNB Security Key change (1A only)

-
Change of UE RRC configuration (informing SeNB of any configuration changes for the UE, including UE context/E-RAB information and MeNB RRC configuration changes like measurement gaps or DRX.)

4.1
MeNB Security Key Change 

This procedure changes security key in MeNB, which requires intra-cell handover. Therefore, this procedure consists of releasing the SCG via intra-cell handover. SeNB cannot reject this procedure. 
Since this is done via intra-cell handover, dual connectivity is removed via SCG deletion. Hence, the procedures here are the same as for SCG deletion (see section 5.1) except that UE is told to make a handover instead in the RRC procedure.
The information in the different messages is contained in Table 7 and Table 8.
See section 4.1 for more details on SCG release actions.

	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message to UE

	· Deletion of SeNB (See section 4.1)
	( Confirm (cannot be rejected)
	· Intra-cell HO information, generated by MeNB


Table 7. Information needed for MeNB security key change procedure
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Release UE SCG configuration  and stop scheduling the UE
· Send Confirm-response to MeNB 
	( Confirm received
· Construct and send the RRC message to UE (RRC reconfiguration with mobilityControlInfo), including:
· Release of all SeNB SCells

· Updated DRB configuration.
· Release of AS security for SCG bearers

· New (MCG) security configuration 
	· Release SCG configuration
· Update DRB mapping

· Perform intra-cell HO (during which new security keys are applied)




Table 8. SeNB, MeNB and UE actions in the MeNB security key change procedure
Differences between 1A and 3C: See SCG deletion procedure in Section 4.1.

NOTE: So far RAN2 has decided that the eNB would do this with two different procedures: First deleting the SCG and then performing an intra-cell handover for the PCell. However, the above assumes that this is realized as a single procedure towards the UE even if two procedures are used in X2.
4.2
SeNB Security Key Change (only for 1A)
This procedure, which is only needed for architecture 1A, changes the SeNB security key for SCG DRBs. SeNB cannot reject this procedure. The information in the different messages is contained in Table 9 and Table 10.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message to UE

	· New security configuration for SeNB
· UE ID (identifies for which UE this applies) 
	· Confirm (cannot be rejected)
	· New security configuration for SCG

· RA parameters (RA is used to inform SeNB when the new key is taken into use)


Table 9. Information needed for SeNB security key change procedure 
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Store SeNB security key for the UE.
· Keys are applied when SeNB knows UE is taking them into use

· Indicate RA parameters to be used for the UE (to let SeNB know the UE is using the new security configuration)

· Decide when to stop scheduling for the UE
· Send Confirm-response to MeNB with the above information in RRC container
	( Confirm received
· Apply security change for SeNB confirmation

· Construct and send the RRC message to UE: 

· Release and add all SeNB SCells in the same RRC message
	· Apply the new security key for SCG and re-establish PDCP/RLC.
· Send RRCReconfigurationComplete to MeNB

· Initiate RA towards SeNB using indicated parameters.
· After RA completes, using the security key for SeNB


Table 10. SeNB, MeNB and UE actions in the MeNB security key change procedure 
NOTE: The details of the exact X2 procedure to use should be RAN3 decisions. However, as a baseline, we assume all SeNB SCells are first removed and then added in the same RRC message and the security key information is updated at the same time.
 3.3
SeNB PSCell Change 

This procedure is used to change the SeNB PSCell. SeNB may reject this procedure. The information in the different messages is contained in Table 11 and Table 12.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message to UE

	· Indication of new PSCell (including new sCellIndex mapping if needed)
· UE ID (identifies for which UE this applies) 
	(Accept

· RRC container: New SCG configuration (with new PSCell)
(Reject

· Reason for reject
	· New SCG configuration (with new PSCell)


Table 11. Information needed for PSCell change procedure
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Decision: Accept or reject?

(Accept

· Decide whether to change PSCell configuration for the UE

· eNB-internal actions for changing PSCell (not specified)
· Decide on need for RA and include RA parameters if needed

(Reject

· Indicate rejection cause?
	(Accept

· Construct RRC message to UE based on given SCG RRC information
· SeNB change used, i.e. SeNB SCells are released and added in the same message
(Reject

· No RRC message to UE
	· Apply received SCG configurations not depending on new PSCell SFN

· Acquire new PSCell MIB for SFN and apply SFN-dependent SeNB configurations only after that.

· If RA is triggered: Perform random access towards SeNB using the indicated resources


Table 12. SeNB, MeNB and UE actions in the PSCell change procedure

NOTE: See [3] for SeNB-triggering of PSCell change. PSCell change should use the same procedures as SeNB security key change.
3.4
MCG RRC Configuration Change 

This procedure is used to inform SeNB of changes in MeNB RRC configuration (e.g. measurement gap configuration, DRX configuration change, changing UE L1 buffer usage capability restriction, changing RoHC MAX_CID usage (e.g. MeNB wants to use RoHC but SeNB is already using max MAX_CID, so the MAX_CID should be reduced at SeNB). SeNB cannot reject this procedure (it’s just information).
The information in the different messages is contained in Table 13 and Table 14.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message to UE

	· MCG configuration
· UE ID (identifies for which UE this applies)
	· Confirm (cannot reject).
	· MCG configuration


Table 13. Information needed for MCG RRC configuration change
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Send Confirm-response to MeNB 
	( Confirm received

· Construct and send the RRC message to UE (contains MCG configuration change)
	· Apply received MCG configuration




Table 14. SeNB, MeNB and UE actions in the MCG RRC configuration change procedure
NOTE: The indication of changed MCG configuration may trigger SeNB to send assistance information related to the new MCG configuration, e.g. in case SeNB DRX configuration should be changed).
4.4
Conclusions for Modification Procedures 

We make the following observations:
Observation 3: SeNB security change and PSCell change can in principle use the same X2 and RRC procedures.

Observation 4: MCG configuration change should not cause SCG configuration change. The information is similar to MCG configuration in SCG addition procedure, except no SCG is added.
Observation 5: MeNB security key change is handled via intra-cell handover. There doesn’t seem to be a reason for SeNB to generate signalling toward UE in that case – MeNB can just release the whole SCG configuration by itself.

Based on these, we conclude:
Proposal 2: RAN2 uses the SeNB security key change as the baseline procedure for modifying SCG resources.
Proposal 3: RAN3 to decide how to handle MCG configuration change – from RAN2 viewpoint, the RRC container should be similar to MCG configuration in the SCG addition procedure.

5
Deletion of Resources from SCG 

The following procedures are considered in this chapter:

-
SCG deletion (i.e. stopping dual connectivity) 

-
SCG Scell deletion (i.e. removing SCells from SCG)
-
Removing a DRB from SeNB (either by moving the DRB back to MCG or fully removing it for the UE)
5.1
SCG Deletion 

This procedure releases dual connectivity operation with SeNB. The SeNB cannot reject this procedure. The information in the different messages is contained in Table 15 and Table 16.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message

	· Indication of SCG release 

· UE ID (identifies for which UE this applies)

· DRB information (whether to fully release DRBs or move them back to MeNB)
· UL forwarding TEIDs for 1A
	· Confirm (cannot reject) 
· PDCP status report (see [4],[6] for more details)
	· New MCG configuration 

· Release of entire SCG configuration (FFS whether this is done by just releasing all SCG Scells)
·  


Table 15. Information needed for SCG deletion
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Release SCG configuration for the UE and stop scheduling the UE
· Send Confirm-response to MeNB 
· Start data forwarding for SCG bearers
	( Confirm received

· Construct RRC message to UE to release SCG
· Buffer data forwarded from SeNB for SCG bearers
	· Release the entire SCG configuration 

· Apply received MCG configuration

· Apply new DRB configuration 

· Re-establish PDCP/RLC and apply MeNB ciphering for MCG DRBs Release SCG configuration


Table 16. SeNB, MeNB and UE actions in the SCG deletion procedure
Differences between 1A and 3C: In case of SCG bearers, if the corresponding E-RAB is meant to be active in MeNB after SCG deletion, similar mechanisms as for Rel-8 will be needed to guarantee lossless delivery, duplication avoidance and in-sequence delivery (i.e. for RLC AM bearers: PDCP SN will need to be maintained, data forwarding and PDCP SN based reporting will have to be used).
NOTE: See [4] for more details why confirmation from SeNB to MeNB is needed.
5.2
SCG SCell Deletion 

This procedure releases an SCell from SCG. SeNB cannot reject this procedure. The information in the different messages is contained in Table 17 and Table 18.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message

	· SCell to be deleted (SCell identifier, e.g. carrier frequency) 

· UE ID (identifies for which UE this applies)

· 
	· Confirm (cannot be rejected)
· 
	· Release of SCG SCell

· 


Table 17. Information needed for SCG SCell deletion
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Release SCG SCell for the UE

· Stop scheduling the UE from the released SCell

· Send Confirm-response to MeNB 
· 
	( Confirm received

· Construct RRC message to UE
	· Release indicated SCell

· 


Table 18. SeNB, MeNB and UE actions in the SCG SCell deletion procedure

 NOTE: See also SeNB- initiated SCG SCell release in [3].

5.3
Removing DRB from SeNB (Either moving back to MeNB or removing completely from the UE)
This procedure removes one or more DRBs from SCG and either 1) moves them back to MeNB or 2) removes them completely from the UE configuration (From SeNB viewpoint, both outcomes look almost the same). SeNB cannot reject this procedure. The information in the different messages is contained in Table 19 and Table 20.
	Information in X2 message (MeNB(SeNB)
	Information in Response message (SeNB(MeNB)
	Information in RRC message

	· UE ID (identifies for which UE this applies)

· SCG DRB ID to be removed (to be moved back MeNB) 

· UL forwarding TEIDs for 1A
	· Confirm (cannot be rejected)
· PDCP status report
· Data forwarding information
	· New DRB configuration for MCG and SCG 


Table 19. Information needed for DRB removal from SeNB
	SeNB actions when receiving MeNB request
	MeNB actions when receiving SeNB response
	UE actions when receiving RRC reconfiguration message

	· Remove the DRB from SCG configuration for the UE
· Stop scheduling the removed DRB
· Include PDCP status report in reply (see [4], [5])
· Data forwarding for SCG DRB
· Send Confirm-response to MeNB 
	( Confirm received

· Construct RRC message to UE, including the new DRB mapping
· If DRB is removed completely, indicate this to MME and S-GW

· Buffer data forwarded from SeNB for SCG DRB
	· Apply new DRB configuration for MCG and SCG

· Re-establish PDCP? (See [5]  for discussion on this).


Table 20. SeNB, MeNB and UE actions in the DRB removal procedure

Differences between 1A and 3C: In case of SCG bearers, if the corresponding E-RAB is meant to be active in MeNB after SCG DRB removal, similar mechanisms as for Rel-8 will be needed to guarantee lossless delivery, duplication avoidance and in-sequence delivery (i.e. for RLC AM bearers: PDCP SN will need to be maintained, data forwarding and PDCP SN based reporting will have to be used).
NOTE: This procedure is a subset of SCG deletion – see section 4.1 for details on that.
NOTE 2: If the DRB is removed completely, the next section for case where a DRB is removed from the UE entirely.
5.4
Conclusions for Deletion Procedures 

Based on the above, we observe that deleting SCG resources seems fairly straightforward: MeNB indicates the deleted resources and SeNB complies. For indicating the information to UE, MeNB has all the information already by the time it decides to delete the resources.
Observation 6: For deleting SCG resources, MeNB has all the information and can construct the RRC messages
Observation 7: Deletion of SCG could be done via deleting all SCG SCells and SCG/split DRBs.

Based on this, we conclude:
Proposal 4: MeNB can construct the messages to remove SCG resources.

6
Conclusion
We have discussed the procedures initiated by MeNB and made the following observations:

Observation 1: The information in SCG addition request contains all information required also for SCG SCell addition or SCG DRB addition.

Observation 2: For DRB addition, MeNB constructs the MCG DRB configuration. SeNB constructs the SCG/split bearer configuration.

Observation 2: For DRB addition, MeNB constructs the DRB configuration.

Observation 3: SeNB security change and PSCell change can in principle use the same X2 and RRC procedures.

Observation 4: MCG configuration change should not cause SCG configuration change. The information is similar to MCG configuration in SCG addition procedure.

Observation 5: MeNB security key change is handled via intra-cell handover. There doesn’t seem to be a reason for SeNB to generate signalling toward UE in that case – MeNB can just release the whole SCG configuration by itself.

Observation 6: For deleting SCG resources, MeNB has all the information and can construct the RRC messages

Observation 7: Deletion of SCG could be done via deleting all SCG SCells and SCG/split DRBs.

Based on these, we propose:

Proposal 1: RAN2 uses the SCG addition procedure as the baseline for determining the RRC container for adding SeNB resources.

Proposal 2: RAN2 uses the SeNB security key change as the baseline procedure for modifying SCG resources.

Proposal 3: RAN3 to decide how to handle MCG configuration change – from RAN2 viewpoint, the RRC container should be similar to MCG configuration in the SCG addition procedure.

Proposal 4: MeNB can construct the messages to remove SCG resources.
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