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1. Introduction 
This contribution captured the discussion status of Dual Connectivity in RAN3#85 and the way forward
2. Discussion status in RAN3#85

RAN3 discussed dual connectivity, agreements and FFS are as follows:
Stage 2 Overall Signalling Flow
In principle, signalling procedure should be common for both SCG bearer option and split bearer option, therefore for split bearer option while it was identified that there is no need to execute the final UE context release from MeNB to SeNB assuming that there is no data forwarding, the final UE context release is also executed.
The following updates to baseline stage 2 were endorsed in R3-141966. 

- chapter 10.4a, add description for RAN sharing scenario as agreed in R3-141607.
- in Figure 10.1.2.X.2.2-1: step 5 normal line is changed to dotted line as agreed in R3-141762
- Change to 10.1.2.X.2.3, 20.2.2.x5, 20.2.2.x6, 20.2.2.3, related with the SeNB Release and UE Context Release as agreed in R3-141643.
- below Figure 10.1.2.X.2.1-1, two notes under step 7/8 description are moved unders step 2, as agreed in R3-141968.
-in chapter 20.1, added description for X2 flow control function as agreed in R3-141970.
-add chapter 20.2.2.x7   SeNB Counter Check procedure as agreed in R3-142039.
- chapter 11.4.x, modified the description of UE-AMBR as agreed in R3-142041
Flow Control

It was agreed to introduce new GTP-U extension header for the RAN container to transfer flow control information. A LS is sent to ask CT4 to introduce extension header as RAN Container in GTP-U. (R3-142090)
It was agreed to create a new TS to specify the flow control function (baseline is endorsed in R3-142037). 
SeNB decides the periodicity regardless of the existence of MeNB’s request. It is still FFS whether MeNB is allowed to indicate the periodicity and its detailed mechanism.
For the feedback of the buffer size whether it is per UE or per bearer, a working assumption is made that both kinds of buffer size indication i.e. per UE and per UE are introduced. 
If RAN3 agree the final indication it will be supported by the same protocol as flow control. This issue should be considered together with the release of UL bearer during SeNB release.
It was agreed that the indication of highest successfully delivered PDCP PDU sequence number is based on PDCP SN.
It was agreed that the gap based indication with X2-U SN is used in case of X2 packet loss.
It was agreed that the X2-U SN is placed in RAN container.

It is FFS whether the way to calculate the available buffer size will be specified
If is FFS whether the possibility to not implement the Transfer of Downlink User Data procedure should be reflected in the new TS.

E-RAB Modification Indication (Path Switch)
It was agreed to include all the E-RABs including those not to be switched in E-RAB Modification Indication message as follow the request from CT4.
For the abnormal condition for the case when not all E-RABs are included, whether to use UE Context Release procedure or E-RAB Modification Failure is FFS.

GTP-U Error Indication

It was agreed that the already agreed procedures (e.g. SeNB Modification, SeNB Release can be used to support the restoration when GTP-U error indication is received in MeNB/SeNB.

RAN3 has noticed that the GTP error indication from the SeNB to the SGW results in release of the S1-C/U connection of the MeNB and the UE context, it is FFS whether this is an issue and if yes how to handle, e.g. one can be to specify behaviour in 23.007 to avoid tearing down the UE Context in MeNB.
SeNB Key refresh (Key update) 

It was agreed the SeNB Modification procedures (MeNB->SeNB, SeNB->MeNB) are to be used for the key update.
Four scenarios that need to update the Key were identified:
0) Initiation: agreed to use SeNB Addition Request procedure
1) Key change (key update) that is triggered by MeNB and MME (for S-KeNB / KeNB): agreed to use SeNB Modification procedure initiated by MeNB
2) Key change (key update) that is triggered by SeNB (for S-KeNB):  agreed to use SeNB Modification procedure initiated by SeNB, however it is FFS how to ensure the SeNB has the new S-KeNB before receiving uplink packets by the SeNB.
The SeNB Key Change Indication IE which is indicated from SeNB to MeNB, the definition and usage of the IE in other scenarios than PDCPCountWrapAround is FFS.

3)Key change (key update) triggered by MeNB (for SKeNB): agreed to use SeNB Modification procedure initiated by MeNB.
Counter Check
It was agreed to introduce new class 2 Counter Check procedure initiated by SeNB towards MeNB.
It was greed that MeNB does not need to initiate the Counter Check procedure towards SeNB.

Stage 2 CR was endorsed in R3-142040.
Stage 3 CR was endorsed in R3-142039.
RAN Sharing for DC 

It was agreed the principle of roaming and access restriction information in X2 handover is also applied to the SeNB selection in the Dual Connectivity.
It was agreed that the  MeNB selects the serving PLMN ID of the SCG and provides it to the SeNB.
UE AMBR

It was agreed that the SeNB UE AMBR IE is sent to SeNB for both SCG bearer option and split bearer option. It was also agreed that for the split bearer option, the SeNB ignores the UE Aggregate Maximum Bit Rate Downlink in the SeNB UE Aggregate Maximum Bit Rate IE and the SeNB also ignores the UE Aggregate Maximum Bit Rate Uplink in the SeNB UE Aggregate Maximum Bit Rate IE if the SeNB is not configured to serve the uplink for the split bearer.
There is no agreement to have SeNB to trigger the modification of SeNB UE-AMBR.
Other

Further description of Dual Connectivity to specifications 36.424 (for data forwarding part), 36.401, 36.410, 36.420 were endorsed. (R3-142088, R3-142043, R3-141617, R3-142060).
Stage 3 baseline CR
Baseline CR for 36.413 is for e-mail checking. 
Baseline CR for 36.423 is for e-mail checking.
3. Discussion status in RAN3#84
RAN3 discussed dual connectivity, agreements and FFS are as follows:
Stage 2 Overall Signalling Flow

It was confirmed that no design of X2-AP protocol state dependents on RRC state. Further, from RAN3 point of view, there is no misalignment between RAN2 RRC procedure and RAN3 X2-AP procedure in term of stage 2. X2-AP will satisfy the RAN2 requirements.

RAN3 also discussed the need for step 2/3 in SeNB initiated SeNB Modification procedure requested by RAN2 in R2-142496. RAN3 agreed that MeNB should provide data forwarding information before RRC procedure towards UE for efficiency. Therefore, step 2/3 are used at least for data forwarding information exchange. A LS is sent to RAN2 in R3-141516.
The following updates to baseline stage 2 were endorsed in R3-141480. 

· in chapter 10.1.2.X.2.1 Editor’s Note 3 “It is FFS whether the path update procedure shall be allowed to change an UL TEID at S-GW, in which case the MeNB needs to signal this change to the SeNB. Whether this shall be reflected in stage 2 is FFS as well.” is removed as it was agreed that this is stage 3 issue

· in chapter 10.1.2.X.2.1 Editor’s Note 4 “It is FFS whether Setup of an E-RAB by the MME and configuration of the respective SeNB resources is possible with a single RRC procedure. It is also FFS whether this possibility shall be described in stage 2.” is removed as it was agreed that this issue is implementation dependent
· Figure 10.1.2.X.2.3-1 SeNB Release procedure – MeNB initiated is replaced with adding step 7 UE Context Release and description of step 7 is added accordingly. The “NOTE: If the UE is not consuming radio resources at the SeNB anymore and if no path update is needed, the MeNB initiated Release procedure could be completed with sending the SeNB Release Request message to the SeNB.” is also removed.
· Figure 10.1.2.X.2.3-2 SeNB Release procedure – SeNB initiated is replaced with adding step 8 UE Context Release and description of step 8 is added accordingly. The “NOTE: If the UE is not consuming radio resources at the SeNB anymore and/or if no path update is needed, the SeNB initiated Release procedure could be completed at this point.” is also removed. The  “Editor’s Note:
Whether a final release message from the MeNB is necessary is still FFS.” Is also removed
· Figure 10.1.2.X.2.y-1 SeNB Change procedure, is replaced with adding step 16 UE Context Release and description of step 16 is added accordingly. Also the Editor’s Note 4 “Whether a final release message from the source MeNB to the source SeNB is necessary is still FFS.” is removed accordingly.
· Figure 10.1.2.X.2.y1-1: MeNB to eNB Change procedure is replaced with adding step 15 UE Context Release and description of step 15 is added accordingly. Also the Editor’s Note 3 “Whether a final release message from the source MeNB to the source SeNB is necessary is still FFS.” is removed accordingly.

· Figure 20.2.2.x1-1, SeNB ADDITION REQUEST REJECT is changed to SENB ADDITION REJECT. (agreement during discussion in R3-141099)
· under figure 20.2.2.x6-1 Editor’s Note: “The need for specification of a Refuse message” is removed as it was agreed that the MeNB cannot refuse the release initiated by SeNB.
The “Editor’s Note:
The need for an additional procedure….” is removed.
· in chapter 20.2.2.3 UE Context procedure it is modified to add the case for dual connectivity.

· in chapter 10.1.2.2 Path Switch it is modified to add the case for dual connectivity (agreement from R3-141322)

· in chapter 19.2.2.11 Location Reporting procedure it is modified to add the case for dual connectivity. (agreement from R3-141323)

· in chapter 10.1.2.X.2.y and 10.1.2.X.2.y1 in step 3 to add the case for either direct data forwarding or indirect data forwarding. (agreement from R3-141253)
· Editorial correction: under Figure 10.1.2.X.2.y1-1 description of step 6 SeNB is changed to eNB.

The following open points were discussed but still FFS 
· Figure 10.1.2.X.2.1, Editor’s Note 1:
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.
· Figure 10.1.2.X.2.3-1, Editor’s Note 1: This assumes that the MeNB provides the part of the RRCConnectionReconfiguration message that releases SeNB resources.
· Figure 10.1.2.X.2.3-1, Editor’s Note 2:Whether the message SeNB Release Request shall be acknowledged by the SeNB is still FFS.
· Figure 20.2.2.x4-1, Editor’s Note: It is still FFS whether the SeNB initiate SeNB Modification procedure will be specified in stage 3 as a class 1 procedure or several class 2 procedures.
SeNB Key refresh and Counter Check

RAN3#84 discussed SeNB Key Refresh at least initiated by the SeNB and Counter Check procedures. RAN3 recognized there are two alternatives to support SeNB Key Refresh either by non-optimal solution (an SeNB Release procedure followed by an SeNB Addition procedure as stated in [R3-141003]), or optimal solution (single SeNB Modification procedure) and agreed to use single SeNB Modification procedure for SeNB Key Refresh to avoid multiple path update procedures and data forwarding as working assumption. RAN3 agreed to define a new X2AP procedure for Counter Check.
A LS has been sent to RAN2 and SA2 in R3-141400 for asking if any issue by using the SeNB Modification procedure for the SeNB key refresh.
Flow Control
RAN3 discussed flow control operation for dual connectivity and made the agreements with also some FFS for split bearers. A LS in R3-141396 was sent to RAN2.
· Feedback on PDCP PDUs successfully transmitted to the UE is provided to the MeNB in a cumulative way, i.e. not each and every successfully transmitted PDU is indicated, but only the highest sequence number of that PDU that was successfully transmitted in order to the UE.
· Packet loss over X2 needs to be considered. In order to allow the detection of PDUs not delivered via X2 or discarded at the SeNB, the SeNB has to be able to detect lost PDUs and declare those packets together with packets discarded at the SeNB as being “lost”, and provide respective feedback to the MeNB.
· One way to implement the function to report “lost” PDUs is to transmit the PDCP PDUs from the MeNB to the SeNB along with sequence numbers specific for the transmission on the X2 interface and independent from the PDCP SNs assigned by the MeNB. This X2 specific sequence number would be the one used for reporting those PDUs declared to be “lost” by the SeNB. It is FFS whether reporting the highest sequence number of that PDU that was successfully transmitted in order to the UE is based on that X2 specific sequence number as well.
· All PDUs with a SN equal to or lower than the SN indicated by the SeNB for feedback of successfully delivered PDUs are considered by the MeNB as successfully received by the UE, apart from the PDUs reported as being “lost” by the SeNB.
· The frequency of the indication from the SeNB is up to SeNB’s decision by an implementation matter or MeNB may configure the frequency of the feedback.

· When the SeNB branch of a split bearer is about to be released, the SeNB provides a final indication of PDUs successfully delivered to the UE via SeNB and PDUs reported being “lost” at the SeNB to the MeNB. It is FFS whether this indication is signalled either by the same protocol means as defined for flow control or an X2AP (i.e. control plane) message.
· Whether the buffer size indication is per UE or per bearer is still FFS.
Flow Control Protocol

The alternatives for the Flow Control Protocol were discussed.
Alt 1) RAN container in GTP-U extension header or as a message with inclusion of GTP-U new IE the cotenant is defined in RAN container, as proposed in R3-141280.
Alt 2) GTP-U header extension and all IE are defined by CT4, also the eNB behaviour is assumed to be specified in CT4.
Alt 3) New FP as proposed in R3-141334 and R3-141324.
The Alt 2) is ruled out as it will rely on other WG too much.
It is still FFS whether to take Alt.1 or Alt.3.

Data Forwarding
It was agreed that there is no need to do the data forwarding from SeNB to MeNB for the bearer split bearer option.
SFN handling in dual connectivity
RAN3 discussed SFN handling raised by RAN2 LS R2-141849/R3-140962 and aanswered in LS R3-141479.
UE-AMBR
RAN3 discussed Whether the SeNB is allowed to trigger modification of UE-AMBR and it is still FFS. An email discussion will be carried out.
Support RAN Sharing for DC
It is understood that the Dual Connectivity include the support of Network Sharing. 

It is FFS where to capture the description. An e-mail discussion will be carried out.
Stage 3 baseline CR

Stage 3 base line CR based on the current Stage 2 base line has been captured in R3-141398 with the understanding that once the stage 2 issues are solved, the stage 3 base line CR will need to revisit.

The following are FFS:
-overall timer description is FFS
An e-mail review will be carried out.
4. Discussion status in RAN3#83bis

RAN3 discussed dual connectivity, agreements and FFS are as follows:
Overall Signalling Flow
The overall signalling flow was endorsed in R3-140975 with some open points embedded.

Data Forwarding
The following agreement was reached at RAN3#83bis for Data forwarding

-
Re-use GTP-U for data forwarding for SCG bearer option and data transmission for split bearer option.

-
Indirect data forwarding (i.e. via MeNB) is applied in Dual Connectivity. Direct data forwarding (i.e. not via MeNB) is also applied for Dual Connectivity with no additional standard support in Rel-12 compare to the Indirect data forwarding. 

-
Stage 2 text for data forwarding was endorsed in R3-140976.
The following Open issues have been identified for data forwarding:

-
The need for data forwarding from SeNB to MeNB for split bearer option is FFS. If needed, how to indicate PDCP-SN? (it is assumed that if the data forwarding from SeNB to MeNB for split bearer option is not needed, then MeNB should buffer the PDCP PDU)

-
The need to capture in stage 2 for the direct data forwarding is FFS.

Path Switch
The following agreements were reached at RAN3#83bis for Path Switch:

-
New procedure is introduced in S1AP for the path switch for SCG bearer option. The new S1AP procedure is E-RAB Modification Indication. A LS was sent to SA2, CT4, Cc RAN2 in R3-140936.

-
Stage 2 text for the E-RAB Modification Indication was endorsed in R3-140976.

Flow Control

The following agreements were reached at RAN3#83bis for flow control:

-
Flow control will be only specified for DL transmission of PDCP PDUs towards the SeNB.

-
Flow control requires a feedback from SeNB on the transmission status of PDCP PDUs transmitted to the UE via the SeNB. 

-
The feedback on PDCP PDUs successfully or unsuccessfully transmitted to the UE is PDCP SN based (the PDCP SN will be available at the SeNB e.g. through the PDCP header provided in the user plane packet or within the respective GTP-U extension header etc. is to be further discussed).

-
Flow control requires the SeNB to send the information of the buffer size acceptable by the SeNB. 
-
A constant feedback on the transmission status and the information of acceptable buffer size is necessary.

-
Working Assumption: The feedback on the transmission status and the information of acceptable buffer size is provided on U-Plane.
The following Open issues have been identified for flow control:

-
Shall the constancy of the feedback on the transmission status and the information of acceptable buffer size be a matter of implementation or shall it be specified?             

-
How to provide feedback of successfully delivered PDCP PDUs? (explicit per PDU / implicit indicating lower window / …)?

-
How to provide the information of the acceptable buffer size?

-
Does the SeNB need to be configured with a “deliver timer” in accordance to the re-ordering timer at the MeNB?

-
Shall the information of acceptable buffer size be performed on bearer-level or UE-level?
-
Shall the feedback of transmission status and the information of the acceptable buffer size be provided within a newly defined GTP-U extension header or within a frame protocol newly defined on top of GTP-U?
UE-AMBR

The following agreements were reached at RAN3#83bis for UE-AMBR handling:

-
For SCG bearer option, the UE-AMBR is managed by MeNB. The UE-AMBR is send from MeNB to SeNB by SeNB Additional procedure and SeNB Modification procedure; respective signalling is understood to take place on a slow time scale. Optimization may be seen in future release

-
Stage 2 text for UE-AMBR was endorsed in R3-140976.

The following Open issues have been identified for UE-AMBR handling:

-
Is the SeNB allowed to trigger modification of UE-AMBR?

-
The usage of UE-AMBR for split bearer option is FFS.

Other
-
Working Assumption: in Rel-12 knowledge of the neighbour eNB’s support of Dual Connectivity relies on OAM and implementation. Optimization may be foreseen via signalling mean (e.g. X2 Setup) in future release.

- 
 Whether the agreed procedures for SeNB modification are able to support the SeNB key refresh and Counter Check is FFS.
-
Low priority in Rel-12 for transferring of radio problem information and load information between nodes from RAN3 perspective.

Way forward.

· It is to remind again that RAN3 is continue working on signalling flows to address signalling between involved nodes in network interface.

· RAN3 inputs will be integrated by the RAN2 rapporteur and put in RAN2 reflector for reviewing the integration after the week RAN2 finish their work. The RAN3 rapporteur to send an email to RAN3 reflector when the discussion is taken place in RAN2 reflector.
5. Discussion status in RAN3#83

RAN3 discussed dual connectivity, agreements and FFS are as follows:
1. Basic scenarios to support dual connectivity in Rel-12 comprise the following: SeNB Addition, SeNB Modification, SeNB Release and SeNB Change.
2. From RAN3 perspective, optimized support of MeNB Change, i.e. keeping the SeNB in dual connectivity operation while the MeNB is changed, will not be supported in Rel-12.
3. RAN 3 will not work in dual connectivity for Rel-12.on additional standard support for
- LIPA/SIPTO
- CSG

- HeNB

- SON/ICIC

- Energy Saving

- Relay
4. During a SeNB addition/modification/release procedure S-GW relocation cannot happen during the addition/modification/release of SeNB resources.
5. In Rel-12, user location information reporting functionality shall be based on the serving cell identity of MeNB in the dual connectivity.
6. There is no need for any further EPC assistance information for UE-AMBR. The UE-AMBR control is kept in E-UTRAN.  Information is needed to be exchanged over X2 for U-plane option 1A. It is FFS for u-plane option 3C whether information is needed to be exchanged over X2 taking the UL scheduling point of view into account.
7. There is no extra information needed from the EPC for RAN to make the decision about applying the dual connectivity feature.
8. No new security aspects on S1 and X2 are expected for dual connectivity according to the incoming LS from SA3 in R3-140026.
9. There is no impact on the dual connectivity for the default bearer.

10. It is FFS whether to reuse the existing S1AP Path Switch Request procedure or new S1AP procedure for U-plane option 1A.

11. The baseline stage 2 text proposal from RAN3 perspective is agreed in R3-140434.

The rest of possible issues were not discussed in RAN3#83.

The way forward regarding the agreement in RAN2.

· Since further work on signalling flows for SeNB addition/modification/release, SeNB change and MeNB to eNB will mainly deal with network interface signalling, RAN3 is the main responsible WG to continue working on signalling flows to address signalling between involved nodes and the UE, taking the agreements in RAN2 into account.

