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Introduction

The secondary RAT data volume reporting was discussed in SA2 for EN-DC to support the potential requirement of differential charge. In SA2 #122 meeting, operators proposed a CR [1] described the mechanism for initiating this reporting and it was agreed.

In this contribution, we will discuss how to support the secondary RAT data volume reporting from RAN perspective and some related proposals will be provided.

Discussion
When using a secondary RAT (e.g., NR) in a dual connectivity situation with E-UTRAN, it can be useful if the EPC knows the traffic volume sent on the secondary RAT. Based on this requirement, SA2 agreed that when a secondary RAT may be used, the Serving GW and PDN GW can be assisted by the E-UTRAN. The details have been captured in [1] as following:

5.7A.2
Data Volume Reporting for Secondary RAT usage

When a Secondary RAT can be used in conjunction with E-UTRAN, the HPLMN or VPLMN operator may wish to record the data volume sent on the Secondary RAT.

In order to reduce the complexity of this procedure, and to align with existing per EPS bearer accounting procedures, the following principles are used in this release:

a)
The PLMN locally activates the Secondary RAT Data Volume Reporting by E-UTRAN O&M. If the PLMN uses this feature, it should ensure that this functionality is supported by all eNodeBs that support NR as a Secondary RAT.

b)
The E-UTRAN reports uplink and downlink data volumes to the EPC for the Secondary RAT on a per EPS bearer basis.
c)
At X2 handover and S1 handover, the source eNodeB reports the data volumes to the EPC. The reported data volume excludes data forwarded to the target RAN node.

d)
At S1 Release, Connection Suspend, and EPS Bearer Deactivation the eNodeB reports the data volumes to the EPC. 

e)
To assist “partial CDR” generation at the Serving GW and the PDN GW, E-UTRAN O&M can instruct the eNodeB to also make periodic reports (in case no event triggers a report before the period expires). 

NOTE: 
The timing of these periodic E-UTRAN reports is not expected to align with the timing of partial CDR generation. Hence the frequency of E-UTRAN reports might be greater than that of partial CDR generation.

f)
As an option, the Serving Gateway sends the data volume reports on to PDN GWs identified in bilateral roaming agreements.

From RAN perspective, it should be discussed that for EN-DC, how to support the MeNB to report the secondary RAT data volume. As agreed there are four bearer types, i.e., MCG bearer, MCG split bearer, SCG bearer, SCG split bearer. For MCG bearer, all the data will be carried in MCG, therefore, this bearer type will not be involved. 

MCG split bearer 

For this bearer type, MeNB offloads PDCP PDUs to SgNB, thus the MeNB knows the data volume offloaded to the SgNB when it performs data volume reporting. However, the SgNB is able to know the data volume which is successfully transmitted between SgNB and UE based on L2 measurement no matter the bearer is configured with RLC UM mode or not. 

Therefore, for MCG split bearer configured with RLC AM mode, two solutions can be considered: 
a)
MeNB maintains the secondary RAT data volume counting. 

b)
SgNB maintains the data volume counting and report it to MeNB.

For MCG split bearer configured with RLC UM mode, only b) is feasible. Then the question is whether we need to support different solutions for the bearers configured with RLC AM mode and RLC UM mode. It could be simple to apply the common solution for both RLC AM mode and UM mode.
Observation 1: For MCG split bearer, it is preferred to request SgNB to count the secondary RAT data volume and report to MeNB.
SCG bearer

SCG bearer is totally carried in SgNB and MeNB has no idea about the data volume of the bearer in the secondary RAT. Obviously, it requires SgNB to report the secondary RAT data volume of this bearer to MeNB.

Observation 2: For SCG bearer, only SgNB is able to count the secondary RAT data volume.

SCG split bearer

For SCG split bearer, the MeNB is only able to know the data volume carried in LTE. Theoretically, it is feasible that the MeNB reports the data volume of the SCG split bearer in master RAT, and then the SGW is able to know the secondary RAT data volume based on the report and its own total data volume. However, this mechanism requires extra signalling, so that it will increase the complexity of SGW. In addition, it is not aligned with the SA2 agreement. In fact, the simpler way will be that the SgNB reports the data volume of the SCG split bearer and it is same as the solution for the MCG split bearer and SCG bearer.

Observation 3: For SCG split bearer, it is preferred to ask SgNB to report the secondary RAT data volume to align with SA2 agreement.

Based on the discussion above, it can be noticed that one solution can be workable for all the three bearer types, i.e., SgNB shall maintain the secondary RAT data volume and report it to MeNB when necessary. According to the agreement in SA2, the secondary RAT data volume should be bearer specific and including both uplink and downlink.

Proposal 1: SgNB shall maintain the uplink and downlink data volume counting on per bearer basis.

If Proposal 1 was agreed, then the question is how to support the MeNB to require the SgNB to report the data volume of dedicated bearers. As agreed in SA2, the eNB reports data volume to the EPC at X2 handover, S1 handover, S1 release, connection suspend and EPS bearer deactivation. In such cases as listed, the eNB acting as master node may release the SgNB or release the dedicate E-RABs using the MeNB initiated SgNB modification procedure. Therefore, we propose to reuse the existing message to request SgNB to report data volume data.

With respect to the SgNB release cases, the procedure can be depicted as Figure 1.
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Figure 1: SgNB release procedure
Alternatively, the SgNB can report the data volume upon reception of the SgNB Release Request message or UE Context Release message. In the SgNB release scenario, the SgNB is able to determine the data volume when the data forwarding is completed. Based on this assumption, the SgNB shall report the data volume of the related bearers upon reception of the UE Context Release message.

Proposal 2: Upon reception UE Context Release message, the SgNB reports data volume of the related bearers to MeNB.
From SgNB perspective, it needs to report the data volume. To support this, a new message should be defined. During the SgNB release procedure, this message will be sent by SgNB upon reception of UE context Release message.

Proposal 3: Define a new message to enable SgNB to report the data volume upon reception of UE Context Release message.
In case of the EPS Bearer Deactivation or the MCG split bearer/ SCG bearer/ SCG split bearer to MCG bearer change, MeNB may send the SgNB Modification Request message to the SgNB and there will be an E-RAB To Be Released List IE carried in this message. For these bearers, the SgNB shall report the related data volumes to MeNB. To make sure the accuracy of the data volume, the SgNB needs to determine the data volume when it stops the transmission for the related bearers.

Proposal 4: SgNB Modification Request message should be used to indicate the SgNB to report the data volume of the dedicated bearers.

For the modification cases, the SgNB modification Request Acknowledge message can be reused by the SgNB to report the data volume for the dedicated bearers. As discussed above, the SgNB will stop the transmission of the dedicated bearer and the data volume shall exclude the data forwarded to the MeNB.

Proposal 5: SgNB modification Request Acknowledge message can be reused to report the data volume for the dedicated bearers.
Above is the solution to support event triggered data volume report, however, as described in [1], the E-UTRAN O&M can instruct the eNodeB to also make periodic reports. To support MeNB to perform periodic reporting, the SgNB should also be able to report the data volume periodically. In that case, the time interval for the SgNB should be set according to the “minimum time interval for Secondary RAT usage data reporting” configured for the MeNB to perform reporting [2].

Proposal 6: Periodic reporting should be supported between SgNB and MeNB.
Considering S1 interface, as captured in the CR [2], for some cases one new message should be defined and for other cases, the new IE should be introduced in the existing messages for MeNB to report the secondary RAT data volume. In addition, LWA and LAA are also under the discussion on the data volume reporting [3] and it is inside the WI scope [4]. For LWA and LAA, the secondary RAT is WLAN. Therefore, the EPC needs to distinguish the WLAN and NR. Based on this assumption, in this new defined S1 message, the RAT indication, i.e., NR or WLAN, should be included.
Proposal 7: The RAT indication should be carried in the new defined S1 message to enable MeNB to report secondary RAT data volume.
Conclusion
In this contribution, the support of secondary RAT data volume reporting was discussed from the perspective of RAN and the related proposal were provided. The corresponding changes are in the annex for stage-2 and [5][6] for stage-3.
Observation 1: For MCG split bearer, it is preferred to ask SgNB to count the secondary RAT data volume and report it to MeNB.
Observation 2: For SCG bearer, only SgNB is able to count the secondary RAT data volume.

Observation 3: For SCG split bearer, it is preferred to ask SgNB to report the secondary RAT data volume to align with SA2 agreement.

Proposal 1: SgNB shall maintain the uplink and downlink data volume counting on per bearer basis.

Proposal 2: Upon reception UE Context Release message, the SgNB reports data volume of the related bearers to MeNB.
Proposal 3: Define a new message to enable SgNB to report the data volume upon reception of UE Context Release message.
Proposal 4: SgNB Modification Request message should be used to indicate the SgNB to report the data volume of the dedicated bearers.

Proposal 5: SgNB modification Request Acknowledge message can be reused to report the data volume for the dedicated bearers.
Proposal 6: Periodic reporting should be supported between SgNB and MeNB.
Proposal 7: The RAT indication should be carried in the new defined S1 message to enable MeNB to report secondary RAT data volume.
References
[1] S2-175081, Control of Secondary RAT data volume reporting, Vodafone, SK Telecom, AT&T.

[2] S2-176695, Secondary RAT related data usage reporting, Ericsson, Nokia, NTT DOCOMO, Qualcomm Incorporated, Cisco, SK Telecom, AT&T.

[3] TR 23.729, Study on unlicensed spectrum offloading system enhancements, 3GPP.

[4] SP-170740, New WID on unlicensed spectrum offloading system enhancements, SA2.

[5] R3-173924, Introduction of secondary RAT data volume reporting over S1, Huawei.
[6] R3-173925, Introduction of secondary RAT data volume reporting over X2, Huawei.
Annex: TP for TS 37.340

START OF FIRST CHANGES
XX
Secondary RAT data volume reporting
For EN-DC, the MeNB may be configured to report the secondary RAT data volume to EPC. If configured, the MeNB shall report uplink and downlink data volumes to the EPC for the secondary RAT on a per EPS bearer basis. The reporting shall performed at X2 handover and S1 handover by the source MeNB. At S1 release, Connection Suspend and EPS Bearer Deactivation, the MeNB shall perform the reporting.

Optionally, the MeNB may need to perform Secondary RAT data volume reporting periodically if configured.
END OF FIRST CHANGES
START OF SECOND CHANGES
10.3
Secondary Node Modification (MN/SN initiated)

10.3.1
EN-DC

Editor’s note: Details of RRC signalling are FFS and pending RAN2 agreement.

The Secondary Node Modification procedure may be initiated either by the MeNB or by the SgNB and be used to modify, establish or release bearer contexts, to transfer bearer contexts to and from the SgNB or to modify other properties of the UE context within the same SgNB.

The Secondary Node modification procedure does not necessarily need to involve signalling towards the UE.

MN initiated SN Modification
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Figure 10.3.1-1: SN Modification procedure - MN initiated

Editor’s note: The figure above needs further revision, mainly to replace SeNB with SgNB and to refer to the embedded RRC messages/Ies that will be agreed to be exchanged over X2.

The MeNB uses the procedure to initiate configuration changes of the SCG within the same SgNB, e.g the addition, modification or release of SCG bearer(s) and the SCG part of MCG split and SCG split bearer(s). MeNB may not use the procedure to initiate the addition, modification or release of SCG Scells. The SgNB may reject the request, except if it concerns the release of SCG bearer(s) or the SCG part of MCG split bearer(s) and SCG split bearer(s). Figure 10.3.1-1 shows an example signalling flow for a MN initiated SN Modification procedure.

1.
The MeNB sends the SgNB Modification Request message, which may contain bearer context related or other UE context related information, data forwarding address information (if applicable) and the requested SCG configuration information, including the UE capability coordination result to be used as basis for the reconfiguration by the SgNB. In case of SCG Change, SCG Change Indication is included.

NOTE:
MeNB may request the establishment or release of SCG or MCG Split or SCG split bearer while not reconfiguration to MCG bearer, which can be performed without SCG change.

2.
The SgNB responds with the SgNB Modification Request Acknowledge message, which may contain SCG radio resource configuration information within a NR RRC configuration message and data forwarding address information (if applicable).  In case of SCG Change, for E-RABs configured with the MCG split bearer option for which no bearer type change is performed, the SgNB provides a new DL GTP TEID to the MeNB. The MeNB shall continue sending DL PDCP PDUs to the SgNB with the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and use the new DL GTP TEID starting with the PDCP re-establishment or data recovery. In case of SCG Change, for E-RABs configured with the SCG split bearer option for which no bearer type change is performed, the SgNB provides a new UL GTP TEID to the MeNB. The MeNB shall continue sending UL PDCP PDUs to the SgNB with the previous UL GTP TEID until it re-establishes the RLC and use the new UL GTP TEID after re-establishment. For E-RABs admitted to be released, the SgNB shall report the data volume transmitted in the SgNB Modification Request Acknowledge message.
Editor’s note: It is FFS whether the SgNB may initiate a SCG Change in step 2.

3/4.
The MeNB initiates the RRC connection reconfiguration procedure, including the NR RRC configuration message. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete, including a NR RRC response message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

5.
Upon successful completion of the reconfiguration, the success of the procedure is indicated in the SgNB Reconfiguration Complete message.

6.
If instructed, the UE performs synchronisation towards the PSCell of the SgNB as described in SgNB addition procedure. Otherwise, the UE may perform UL transmission after having applied the new configuration.

7/8.
If applicable, data forwarding between MeNB and the SgNB takes place (Figure 10.3.1-1 depicts the case where a bearer context is transferred from the MeNB to the SgNB).

9.
If applicable, a path update is performed.

SN initiated SN Modification with MN involvement
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Figure 10.3.1-2: SN Modification procedure - SN initiated with MN involvement

Editor’s note: The figure above might need further revision, e.g. to refer to the embedded RRC messages/Ies that will be agreed to be exchanged over X2.

The SgNB uses the procedure to perform configuration changes of the SCG within the same SgNB, e.g. to trigger the release of SCG Scell(s) (other than PSCell), SCG bearer(s) and the SCG part of MGC split bearer(s) and SCG split bearer(s) (upon which the MeNB may release the bearer or reconfigure it to an MCG bearer), and to trigger PSCell change. The MeNB cannot reject the release request of SCG Scells (other than PSCell), SCG bearer and the SCG part of MCG split bearer and SCG split bearer. The SgNB can also initiate the bearer type change. Figure 10.3.1.-2 shows an example signalling flow for an SgNB initiated SgNB Modification procedure, with MN involvement.

1.
The SgNB sends the SgNB Modification Required message including a NR RRC configuration message, which may contain bearer context related, other UE context related information and the new SCG radio resource configuration. For bearer release or modification a corresponding E-RAB list is included in the SgNB Modification Required message. In case of SCG Change, SCG Change Indication may be included, e.g. in case of change of security key.

The SgNB can decide whether the Random Access procedure is required, i.e. SCG change.

2/3.
If data forwarding and/or SgNB security key change needs to be applied, the MeNB triggers the preparation of the MN initiated SN Modification procedure and provides forwarding address and/or a new SgNB security key information within the SgNB Modification Request message, respectively. If the SgNB requested to release a bearer in step 1, and the MeNB decides to reconfigure it to an MCG bearer, the MeNB provides the SCG Change Indication within the SgNB Modification Request message and the SgNB provides respective RRC information within the SgNB Modification Request Acknowledgement message. For E-RABs admitted to be released, the SgNB shall report the data volume transmitted in the SgNB Modification Request Acknowledge message.
Editor’s note: It is FFS whether, when the SgNB Modification Required message contains SCG-Config in step 1, the following MeNB initiated SgNB Modification procedure triggered by the MeNB in step 2 can be used for anything that would require a new SCG configuration

NOTE:
If only SgNB security key (i.e. without SCG Change Indication) is provided in step 2, the MeNB does not need to wait for the reception of step 3 to initiate the RRC connection reconfiguration procedure.

4.
The MeNB sends the RRCConnectionReconfiguration message including a NR RRC configuration message to the UE including the new SCG radio resource configuration.

5.
The UE applies the new configuration and sends the RRCConnectionReconfigurationComplete message, including an encoded NR RRC response message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

Editor’s note: It is FFS whether the SgNB may communicate directly with the UE (steps 4b and 5b) in case of SN initiated SN Modification.

6.
Upon successful completion of the reconfiguration, the success of the procedure is indicated in the SgNB Modification Confirm message containing the encoded NR RRC response message.

7.
If instructed, the UE performs synchronisation towards the PSCell of the SgNB as described in SN addition procedure. Otherwise, the UE may perform UL transmission after having applied the new configuration.

8/9.
If applicable, data forwarding between MeNB and the SgNB takes place (Figure 10.1.2.8.2-2 depicts the case where a bearer context is transferred from the SgNB to the MeNB).
10.
If applicable, a path update is performed.

SN initiated SN Modification without MN involvement
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Figure 10.3.1-3 SN modification - SN initiated without MN involvement

Editor’s note: The exact details of this procedure are FFS.

The SN initiated modification without MN involved procedure is used to modify the configuration within SgNB in case no coordination with MeNB is required, including the addition/modification/release of SCG Scell. Figure 10.3.1-3 shows an example signaling flow for SN initiated SN modification procedure, without MN involvement.
1. 
The SN sends the RRCConnectionReconfiguration message to the UE through SRB3.
2. 
The UE applies the new configuration and replies with the RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

END OF SECOND CHANGES
START OF THIRD CHANGES
10.4
Secondary Node Release (MN/SN initiated)

10.4.1
EN-DC

Editor’s note: details of the RRC signalling are FFS and pending RAN2 agreement.

The Secondary Node Release procedure may be initiated either by the MeNB or by the SgNB and is used to initiate the release of the UE context at the SgNB. The recipient node of this request cannot reject it.

It does not necessarily need to involve signalling towards the UE, e.g., in case of the RRC connection re-establishment due to Radio Link Failure in MeNB.

MN initiated SN Release
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Figure 10.4.1-1: SN Release procedure – MN initiated

Figure 10.4.1-1 shows an example signalling flow for the MN initiated Secondary Node Release procedure. 

1.
The MeNB initiates the procedure by sending the SgNB Release Request message. If data forwarding is requested, the MeNB provides data forwarding addresses to the SgNB. 

2/3.
If required, the MeNB indicates in the RRCConnectionReconfiguration message towards the UE that the UE shall release the entire 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.

NOTE:
If data forwarding is applied, timely coordination between steps 1 and 2 may minimize gaps in service provision, this is however regarded to be an implementation matter.

4/5.
Data forwarding from the SgNB to the MeNB takes place.

6.
If applicable, the path update procedure is initiated.

7.
Upon reception of the UE Context Release message, the SgNB can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue.
8.
If configured, the SgNB sends to the MeNB the Secondary RAT Data Volume Report message including the data volume of the related E-RABs.
SN initiated SN Release
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Figure 10.4.1-2: SN Release procedure – SN initiated

Figure 10.4.1-2 shows an example signalling flow for the SN initiated Secondary Node Release procedure. 

1.
The SgNB initiates the procedure by sending the SgNB Release Required message which does not contain inter-node message.

2.
If data forwarding is requested, the MeNB provides data forwarding addresses to the SgNB in the SgNB Release Confirm message. The SgNB may start data forwarding and stop providing user data to the UE as early as it receives the SgNB Release Confirm message.

3/4.
If required, the MeNB indicates in the RRCConnectionReconfiguration message towards the UE that the UE shall release the entire 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.

NOTE:
If data forwarding is applied, timely coordination between steps 2 and 3 may minimize gaps in service provision. This is however regarded to be an implementation matter.

5/6.
Data forwarding from the SgNB to the MeNB takes place.

7.
If applicable, the path update procedure is initiated.

8.
Upon reception of the UE Context Release message, the SgNB can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue.
9.
If configured, the SgNB sends to the MeNB the Secondary RAT Data Volume Report message including the data volume of the related E-RABs.
END OF THIRD CHANGES
START OF FOURTH CHANGES
10.5
Change of Secondary Node (MN/SN initiated)

10.5.1
EN-DC

Editor’s note: Details of RRC signalling are FFS and pending RAN2 agreement. Details of the Xn procedures are FFS and pending RAN3 agreement.

The change of Secondary Node procedure is initiated either by MeNB or SgNB and used to transfer a UE context from a source SgNB to a target SgNB and to change the SCG configuration in UE from one SgNB to another.

NOTE:
Inter-RAT SN change procedure with single RRC reconfiguration is not supported in this version of the protocol (i.e. no transition from EN-DC to DC).

The Change of Secondary Node procedure always involves signalling over MCG SRB towards the UE.

MN initiated SN Change
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Figure 10.5.1-1: Change of SN – MN initiated

Figure 10.5.1-1 shows an example signalling flow for the MN initiated Change of Secondary Node:

1/2.
The MeNB initiates the change of SgNB by requesting the target SgNB to allocate resources for the UE by means of the SgNB Addition procedure. The MeNB may include measurement results related to the target SgNB. If forwarding is needed, the target SgNB provides forwarding addresses to the MeNB. 
Editor’s note: Availability of RACH-less access is FFS.

3.
If the allocation of target SgNB resources was successful, the MeNB initiates the release of the source SgNB resources. If data forwarding is needed the MeNB provides data forwarding addresses to the source SgNB. Either direct data forwarding or indirect data forwarding is used for SCG bearer and SCG split bearer. Only indirect data forwarding is used for MCG Split bearer. Reception of the SgNB Release Request message triggers the source SgNB to stop providing user data to the UE and, if applicable, to start data forwarding.

4/5.
The MeNB triggers the UE to apply the new configuration. The MeNB indicates to the UE the new configuration in the RRCConnectionReconfiguration message including the NR RRC configuration message generated by the target SgNB. The UE applies the new configuration and sends the RRCConnectionReconfigurationComplete message, including the encoded NR RRC response message for the target SgNB. 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 SgNB via SgNBReconfigurationComplete message with the encoded NR RRC response message for the target SgNB.
7.
The UE synchronizes to the target SgNB.

8/9.
If applicable, data forwarding from the source SgNB takes place. It may be initiated as early as the source SgNB receives the SgNB Release Request message from the MeNB.

10-14.
If one of the bearer contexts was configured with the SCG or SCG split bearer option at the source SgNB, path update is triggered by the MeNB.

15.
Upon reception of the UE Context Release message, the source SgNB can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue.
16.
If configured, the source SgNB sends to the MeNB the Secondary RAT Data Volume Report message including the data volume of the related E-RABs.
SN initiated SN Change
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Figure 10.5.1-2: Change of SN – SN initiated

Editor’s note: The figure above might need further revision.

Figure 10.5.1-2 shows an example signalling flow for the Change of Secondary Node initiated by the SN:

1.
The source SgNB initiates the SgNB change procedure by sending SgNB Change Required message which contains target SgNB ID information and may include measurement results related to the target SgNB.

2/3.
The MeNB requests the target SgNB to allocate resources for the UE by means of the SgNB Addition procedure, including the measurement results related to the target SgNB received by the source SgNB. If forwarding is needed, the target SgNB provides forwarding addresses to the MeNB.

4/5.
The MeNB / SgNB triggers the UE to apply the new configuration. The MeNB indicates the new configuration to the UE in the RRCConnectionReconfiguration message including the NR RRC configuration message generated by the target SgNB. The UE applies the new configuration and sends the RRCConnectionReconfigurationComplete message, including the encoded NR RRC response message for the target SgNB. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

Editor’s note: It is FFS whether the MeNB and/or the SgNB triggers the UE to apply the new configuration.
6.
If the allocation of target SgNB resources was successful, the MeNB confirms the release of the source SgNB resources. If data forwarding is needed the MeNB provides data forwarding addresses to the source SgNB. Either direct data forwarding or indirect data forwarding is used for SCG bearer and SCG split bearer. Only indirect data forwarding is used for MCG Split bearer. Reception of the SgNB Change Confirm message triggers the source SgNB to stop providing user data to the UE and, if applicable, to start data forwarding.

7.
If the RRC connection reconfiguration procedure was successful, the MeNB informs the target SgNB via SN Reconfiguration Complete message with the encoded NR RRC response message for the target SgNB.  

8.
The UE synchronizes to the target SgNB.

9/10.
If applicable, data forwarding from the source SgNB takes place. It may be initiated as early as the source SgNB receives the SgNB Change Confirm message from the MeNB.

11-15.
If one of the bearer contexts was configured with the SCG bearer or SCG split bearer option at the source SgNB, path update is triggered by the MeNB.

16.
Upon reception of the UE Context Release message, the source SgNB can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue.
17.
If configured, the source SgNB sends to the MeNB the Secondary RAT Data Volume Report message including the data volume of the related E-RABs.
END OF FOURTH CHANGES
START OF FIFTH CHANGES
10.7
Inter-Master Node handover without Secondary Node change
10.7.1
EN-DC

Editor’s note: Details of RRC signalling are FFS and pending RAN2 agreement.
Inter-Master Node handover without Secondary Node change is used to transfer context data from a source MeNB to a target MeNB while the context at the SgNB is kept.

NOTE:
Inter-RAT Inter-Master node handover without SN change is not supported in this version of the protocol (i.e. no transition from EN-DC to NR-NR DC).
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Figure 10.7.1-1: Inter-MN handover without SN change

Figure 10.7.1-1 shows an example signaling flow for inter-Master Node handover without Secondary Node change:

1.
The source MeNB starts the handover procedure by initiating the X2 Handover Preparation procedure. The source MeNB includes the SgNB UE X2AP ID and SgNB ID as a reference to the UE context in the SgNB that was established by the source MeNB in the Handover Request message.

Editor’s note: FFS whether the source MeNB includes the SCG configuration in the HandoverPreparationInformation.

2.
If the target MeNB decides to keep the SgNB, the target MeNB sends SgNB Addition Request to the SgNB including the SgNB UE X2AP ID as a reference to the UE context in the SgNB that was established by the source MeNB.

3.
The SgNB replies with SgNB Addition Request Acknowledge.

4.
The target MeNB includes within the Handover Request Acknowledge message a transparent container to be sent to the UE as an RRC message to perform the handover, and may also provide forwarding addresses to the source MeNB. The target MeNB indicates to the source MeNB that the UE context in the SgNB is kept if the target MeNB and the SgNB decided to keep the UE context in the SgNB in step 2 and step 3.

5.
The source MeNB sends SgNB Release Request to the SgNB. The source MeNB indicates to the SgNB that the UE context in SgNB is kept. If the indication as the UE context kept in SgNB is included, the SgNB keeps the UE context.

6.
The source MeNB triggers the UE to apply the new configuration.

7/8.
The UE synchronizes to the target MeNB and replies with RRCConnectionReconfigurationComplete message.
9.
The UE synchronizes to the SgNB.

10.
If the RRC connection reconfiguration procedure was successful, the target MeNB informs the SgNB via SgNB Reconfiguration Complete message.
11/12.
Data forwarding from the source MeNB takes place. Data forwarding may be omitted for SCG bearers and SCG split bearers. Direct data forwarding from the source MeNB to the SgNB is not possible for split bearers.
NOTE:
Direct data forwarding may occur only for bearer type change.

13-16.
The target MeNB initiates the S1 Path Switch procedure.

NOTE:
If new UL TEIDs of the S-GW are included, the target MeNB performs MeNB initiated SgNB Modification procedure to provide them to the SgNB.

17.
The target MeNB initiates the UE Context Release procedure towards the source MeNB.

18.
Upon reception of the UE Context Release message, the SgNB can release C-plane related resource associated to the UE context towards the source MeNB. Any ongoing data forwarding may continue. The SgNB shall not release the UE context associated with the target MeNB if the indication was included in the SgNB Release Request in step 5.

19.
If configured, the SgNB sends to the source MeNB the Secondary RAT Data Volume Report message including the data volume of the related E-RABs.
END OF FIFTH CHANGES
START OF SIXTH CHANGES
10.8
Master Node to eNB/gNB Change

10.8.1
EN-DC

Editor’s note: Details of RRC signalling are FFS and pending RAN2 agreement.
The Master Node to eNB Change procedure is used to transfer context data from a source MeNB/SgNB to a target eNB.
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Figure 10.8.1-1: Master Node to eNB Change procedure

Figure 10.8.1-1 shows an example signalling flow for the Master Node to eNB Change procedure:

1.
The source MeNB starts the MeNB to eNB Change procedure by initiating the X2 Handover Preparation procedure. 

Editor’s note: FFS whether the source MeNB includes the SCG configuration in the HandoverPreparationInformation.

2.
The target eNB includes the field in HO command which releases SCG configuration, and may also provide forwarding addresses to the source MeNB. The addition of an SgNB can be initiated only after completing HO.

3.
If the allocation of target eNB resources was successful, the MeNB initiates the release of the source SgNB resources towards the source SgNB. If data forwarding is needed, the MeNB provides data forwarding addresses to the source SgNB. Either direct data forwarding or indirect data forwarding is used for SCG bearer. Only indirect data forwarding is used for Split bearer. Reception of the SgNB Release Request message triggers the source SgNB to stop providing user data to the UE and, if applicable, to start data forwarding.

Editor’s note: FFS whether direct data forwarding or indirect data forwarding is used for SCG split bearer.
4.
The MeNB triggers the UE to apply the new configuration. Upon receiving the new configuration, the UE releases the entire SCG configuration.

5/6.
The UE synchronizes to the target eNB.

7/8.
If applicable, data forwarding from the source SgNB takes place. It may start as early as the source SgNB receives the SgNB Release Request message from the MeNB.

9-13.
The target eNB initiates the S1 Path Switch procedure.

14.
The target eNB initiates the UE Context Release procedure towards the source MeNB.

15.
Upon reception of the UE CONTEXT RELEASE message, the S-SgNB can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue.

16.
If configured, the source SgNB sends to the source MeNB the Secondary RAT Data Volume Report message including the data volume of the related E-RABs.
END OF SIXTH CHANGES
3GPP

UE
MeNB
SgNB
S-GW
MME
2. RRCConnectionReconfiguration
3. RRCConnectionReconfigurationComplete
4. SNStatus Transfer
5. Data Forwarding
6. Path Update procedure
1. SgNB Release Request
7. UE Context Release
8. Secondary RAT Data Volume Report



UE
MeNB
SgNB
S-GW
MME
1. SgNB Release Required
3. RRCConnectionReconfiguration
4. RRCConnectionReconfigurationComplete
5. SNStatus Transfer
6. Data Forwarding
7. Path Update procedure
2. SgNB Release Confirm
8. UE Context Release
9. Secondary RAT Data Volume Report



UE
S-MeNB
S-SgNB
S-GW
MME
7a. SNStatus Transfer
8. Data Forwarding
3. SgNB Release Request
T-eNB
1. Handover Request
2. Handover Request Acknowledge
4. RRCConnectionReconfiguration
6. RRCConnectionReconfigurationComplete
14. UE Context Release
9. Path Switch Request
13. Path Swtich Request Acknowledge
10. Bearer Modication
11. End Marker Packet
12. New Path
5. Random Access Procedure
7b. SNStatus Transfer
15. UE Context Release
16. Secondary RAT Data Volume Report



UE
MeNB
S-SgNB
S-GW
MME
8a. SNStatus Transfer
9. Data Forwarding
3. SgNB Release Request
T-SgNB
1. SgNB Addition Request
2. SgNB Addition Request Acknowledge
4. RRCConnectionReconfiguration
5. RRCConnectionReconfigurationComplete
6. SgNB Reconfiguration Complete
10. E-RAB Modification Indication
14. E-RAB Modification Confirmation
11. Bearer Modification
12. End Marker Packet
13. New Path
7. Random Access Procedure
8b. SN Status Transfer
15. UE Context Release
16. Secondary RAT Data Volume Report



UE
MeNB
S-SgNB
S-GW
MME
9a. SNStatus Transfer
10. Data Forwarding
1. SgNB Change Required
T-SgNB
2. SgNB Addition Request
3. SgNB Addition Request Acknowledge
4. RRCConnectionReconfiguration
5. RRCConnectionReconfigurationComplete
7. SgNB Reconfiguration Complete
11. E-RAB Modification Indication
15. E-RAB Modification Confirmation
12. Bearer Modification
13. End Marker Packet
14. New Path
8. Random Access Procedure
9b. SN Status Transfer
16. UE Context Release
6. SgNB Change Confirm
17. Secondary RAT Data Volume Report



UE
source MeNB
SgNB
S-GW
MME
target MeNB
1. Handover Request
4. Handover Request Acknowledge
6. RRCConnectionReconfiguration
8. RRCConnectionReconfigurationComplete
17. UE Context Release
13. Path Switch Request
16. Path Swtich Request Acknowledge
14. Bearer Modification
7. Random Access Procedure
11. SN Status Transfer
18. UE Context Release
2. SgNB Addition Request
3. SgNB Addition Request Ack
15. New Path (split/MCG bearer)
12. Data Forwarding
9. Random Access Procedure
10. SgNB Reconfiguration Complete
5. SgNB Release Request
19. Secondary RAT Data Volume Report



_1555309572.vsd
UE


MeNB


SgNB


S-GW


MME


2. RRCConnectionReconfiguration


3. RRCConnectionReconfigurationComplete


4. SNStatus Transfer


5. Data Forwarding


6. Path Update procedure


1. SgNB Release Request


7. UE Context Release



