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1. Introduction
SA2 recently agreed CRs on data volume reporting as part of the EDCE5 work item. In particular, S2-176695 [1] provides the overall stage 2 design and requirements for NR data volume reporting.
This contribution analyses these requirements and proposes the corresponding stage 3 changes.

2. Requirements for support of data volume reporting
From analysis of the changes introduced in TS 23.401 by [1], the following potential requirements can be derived:
2.1 Definition of a Data Volume Report IE

This is an essential requirement. It is important to define the units, range, whether stepped or continuous etc. This may require coordination with (or an LS to) SA5. One option would be to define a container with specifics to be defined in another group.
In addition, the actual measurement should be defined. Since this is for NR reporting in EPS, it seems reasonable that a definition be added in TS 36.314. This may require coordination with (or an LS to) RAN2. 
A final aspect is that the report should be defined in a future-proof way so that it is reusable for other use cases (e.g. unlicensed use). If the report is fully defined in RAN3 specifications, then it should have an associated RAT indicator (enumerated IE).

2.2 Inclusion of report in existing S1AP messages

The Data Volume Report should be optionally included in the following messages:

· UE CONTEXT RELEASE COMPLETE
· UE CONTEXT SUSPEND REQUEST
· E-RAB RELEASE RESPONSE
· E-RAB MODIFICATION INDICATION
The report needs to be provided separately for the downlink and the uplink. In addition, from [2]

The E-UTRAN reports uplink and downlink data volumes to the EPC for the Secondary RAT on a per EPS bearer basis.

Therefore, in all these cases the report should be provided per bearer. In some of the procedures above (i.e. those concerned with E-RABs), the structure is already per RAB anyway, however for the context procedures a new structure would be needed to include a list of reports (and for each report an E-RAB ID is provided).

Proposal 1: Include an optional data volume report in the following messages: -
UE CONTEXT RELEASE COMPLETE, UE CONTEXT SUSPEND REQUEST, E-RAB RELEASE RESPONSE and E-RAB MODIFICATION INDICATION.

Proposal 2: The report is provided per link type and per bearer in all cases.

2.3 Inclusion of request / response in the S1AP E-RAB Modify procedure
This use case is described in [1], and happens when the MME triggers a SGW change, and requests a report. In this case, the main difference from the other messages is that this would only be provided on requests (since the same procedure could be used for a number of other changes unrelated to SGW change).
Proposal 3: Include an optional request for a report in the E-RAB MODIFY REQUEST, and include an optional data volume IE in the E-RAB MODIFY RESPONSE.
2.4 Stand-alone report from the eNB
This is required in several use cases:
· Periodic reporting

· Report by source eNB following X2 HO, and intra and inter-RAT S1 HO
This requires a new S1AP class 2 procedure (e.g. RAN Usage Data Report). For the HO case, the message is to be sent after the source eNB sends the RRC Handover command to the UE. For the periodic reporting case, we consider below the triggering process.
Proposal 4: Define a new S1AP class 2 procedure (e.g. Data Volume Report Transfer) to carry stand-alone data volume reports.
2.5 Report triggering in S1

According to [2]:

· 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.

and

· 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).

From this it seems very clear that no S1 triggering is expected, either for the general reporting behaviour, or for the periodic reporting. Hence the generation of the reports as well as their periodicity (if applicable) should be fully controlled by O&M.

Proposal 5: There is no need to define a trigger mechanism over S1.

2.6 Requirements for X2AP: periodic reporting
Since all the reporting to the MME is done by the eNB, there is obviously a need to provide the data to be reported to the eNB (by the en-gNB). This should provide the X2 support for the flows defined by SA2.

One issue to consider is whether the eNB requires data volume reports for all types of bearers. For example, in the case of split bearer, the eNB is aware of the data volume sent to the en-gNB. When the SCG is released for that bearer, some data may not be delivered to the UE and may be returned to the eNB. It could be assumed that it is up to the eNB to keep track of this before reporting to the MME. An alternative would be to delegate this to the SgNB even in the split bearer case, which may be simpler.

Proposal 6: Agree principle that SgNB reports on NR data volume reports for all bearer types.

Considering the requirement for periodic reporting, it is obvious that a X2AP procedure for Data Volume reporting is required.

Proposal 7: Define a new X2 AP class 2 procedure (e.g. SgNB Data Volume Report) to carry stand-alone data volume reports.

One open issue is whether the control of periodic reporting (including periodicity) should be under MeNB or SgNB responsibility. In line with the intention to leave this to RAN O&M [2], it is proposed to not have any signalling for report control, i.e., it is assumed that the reports are generated initially under control of the SgNB O&M, and are then simply rerouted by the MeNB towards the MME.

Proposal 8: Agree to have no X2AP trigger for periodic reporting.
2.7 Requirements for X2AP: event-driven reporting
Based on the SA2 flows, we can derive the result that a data volume report from the SgNB is needed whenever a bearer that is served by the SgNB is to be released at the SgNB. This release could take place because of a procedure which is visible to the CN (including e.g. UE Context, Release, Handover, etc); or alternatively without CN visibility (e.g. the case of MCG split bearer reconfigured to MCG).
By checking through the flows in TS 37.340, we can make the following observations:
· For Secondary Node Modification and SCG Change:
· If this is used to release a bearer at the SgNB, or modify the bearer type such that the S1-U termination changes (i.e. the CN has visibility), the SgNB should generate a report. 

· The SgNB cannot send the report with the SGNB MODIFICATION REQUEST ACKNOWLEDGE because it may still be serving the UE at this point. For example in the case of release, one option would be to send the report embedded in the SN STATUS TRANSFER message. However, a more general solution would be simply to use the stand-alone report message.

· The same reasoning seems to apply whether this flow is MN or SN initiated.

· For Secondary Node Release (MN/SN initiated), Change of Secondary Node and Master Node to eNB/gNB Change
· Here again the only possible message that could be used to piggyback the report is the SN STATUS TRANSFER; or alternatively the report should be sent independently around the same time.

· For Inter-Master Node handover without Secondary Node change:
· In this case there is no message that can be used by the SgNB apart from the response to in the X2AP Context Release procedure towards the source; so it could be assumed that the standalone message would be used also in this case.
· Optionally, no report need be generated (i.e. SgNB continues to accumulate volume while serving the UE), but it may be safer to act in this case in a similar way to general Inter-Master Node handover.

Taking this together, it seems that the safest and most general way to handle this is for the SgNB to generate a data volume report (via the same procedure as used in periodic reporting). The timing of this message needs to be captured in TS 37.340 in the flows mentioned above.
Proposal 9: Use the standalone X2AP class 2 procedure (e.g. SgNB Data Volume Report) to carry data volume reports for event triggered reporting, and document these events in section 10 of TS 37.340.
Text proposals implementing the above in TS 36.413 and TS 36.423 are provided in the appendix.
3. Conclusions

The below summarizes the proposals outlined in this contribution. Text proposals implementing these in TS 36.413 and TS 36.423 are provided in the appendix.
Proposal 1: Include an optional data volume report in the following messages: -
UE CONTEXT RELEASE COMPLETE, UE CONTEXT SUSPEND REQUEST, E-RAB RELEASE RESPONSE and E-RAB MODIFICATION INDICATION.

Proposal 2: The report is provided per link type and per bearer in all cases.

Proposal 3: Include an optional request for a report in the E-RAB MODIFY REQUEST, and include an optional data volume IE in the E-RAB MODIFY RESPONSE.
Proposal 4: Define a new S1AP class 2 procedure (e.g. Data Volume Report Transfer) to carry stand-alone data volume reports.

Proposal 5: There is no need to define a trigger mechanism over S1.

Proposal 6: Agree principle that SgNB reports on NR data volume reports for all bearer types.

Proposal 7: Define a new X2 AP class 2 procedure (e.g. SgNB Data Volume Report) to carry stand-alone data volume reports.

Proposal 8: Agree to have no X2AP trigger for periodic reporting.

Proposal 9: Use the standalone X2AP class 2 procedure (e.g. SgNB Data Volume Report) to carry data volume reports for event triggered reporting, and document these events in section 10 of TS 37.340.
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5. Appendix A: Text Proposal for TS 36.413
********* Start of Change **********
7
Functions of S1AP

The S1AP protocol has the following functions:

-
E-RAB management function: This overall functionality is responsible for setting up, modifying and releasing E-RABs, which are triggered by the MME. The release and modification of E-RABs may be triggered by the eNB as well.

********* skip unchanged text **********
-
UE Information Transfer function. The functionality enables the MME to transfer UE information to the eNB.
-
CP Relocation function. The functionality enables the initiation of the UE-associated logical S1-connection for a NB-IOT UE using Control Plane CIoT EPS Optimisation following a re-establishment request.
-
Data Volume Report Transfer function. The functionality enables the eNB to report secondary RAT usage to the MME.
8
S1AP Procedures

8.1
List of S1AP Elementary procedures
In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):
********* skip unchanged text **********
Table 2: Class 2 procedures

	Elementary Procedure
	Message

	Handover Notification
	HANDOVER NOTIFY

	E-RAB Release Indication
	E-RAB RELEASE INDICATION

	Paging
	PAGING

	Initial UE Message
	INITIAL UE MESSAGE

	Downlink NAS Transport
	DOWNLINK NAS TRANSPORT

	Uplink NAS Transport
	UPLINK NAS TRANSPORT

	NAS non delivery indication
	NAS NON DELIVERY INDICATION

	Error Indication
	ERROR INDICATION

	UE Context Release Request
	UE CONTEXT RELEASE REQUEST

	DownlinkS1 CDMA2000 Tunnelling
	DOWNLINK S1 CDMA2000 TUNNELLING

	Uplink S1 CDMA2000 Tunnelling
	UPLINK S1 CDMA2000 TUNNELLING

	UE Capability Info Indication
	UE CAPABILITY INFO INDICATION

	eNB Status Transfer
	eNB STATUS TRANSFER

	MME Status Transfer
	MME STATUS TRANSFER

	Deactivate Trace
	DEACTIVATE TRACE

	Trace Start
	TRACE START

	Trace Failure Indication
	TRACE FAILURE INDICATION

	Location Reporting Control
	LOCATION REPORTING CONTROL

	Location Reporting Failure Indication
	LOCATION REPORTING FAILURE INDICATION

	Location Report
	LOCATION REPORT

	Overload Start
	OVERLOAD START

	Overload Stop
	OVERLOAD STOP

	eNB Direct Information Transfer
	eNB DIRECT INFORMATION TRANSFER

	MME Direct Information Transfer
	MME DIRECT INFORMATION TRANSFER

	eNB Configuration Transfer
	eNB CONFIGURATION TRANSFER

	MME Configuration Transfer
	MME CONFIGURATION TRANSFER

	Cell Traffic Trace
	CELL TRAFFIC TRACE

	Downlink UE Associated LPPa Transport
	DOWNLINK UE ASSOCIATED LPPA TRANSPORT

	Uplink UE Associated LPPa Transport
	UPLINK UE ASSOCIATED LPPA TRANSPORT

	Downlink Non UE Associated LPPa Transport
	DOWNLINK NON UE ASSOCIATED LPPA TRANSPORT

	Uplink Non UE Associated LPPa Transport
	UPLINK NON UE ASSOCIATED LPPA TRANSPORT

	PWS Restart Indication
	PWS RESTART INDICATION

	Reroute NAS Request
	REROUTE NAS REQUEST

	PWS Failure Indication
	PWS FAILURE INDICATION

	Connection Establishment Indication
	CONNECTION ESTABLISHMENT INDICATION

	NAS Delivery Indication
	NAS DELIVERY INDICATION

	Retrieve UE Information
	RETRIEVE UE INFORMATION

	UE Information Transfer
	UE INFORMATION TRANSFER

	eNB CP Relocation Indication
	eNB CP RELOCATION INDICATION

	MME CP Relocation Indication
	MME CP RELOCATION INDICATION

	Data Volume Report Transfer
	DATA VOLUME REPORT TRANSFER


********* Next change **********
8.2.2
E-RAB Modify

8.2.2.1
General

The purpose of the E-RAB Modify procedure is to enable modifications of already established E-RABs for a given UE. The procedure uses UE-associated signalling.

8.2.2.2
Successful Operation
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Figure 8.2.2.2-1: E-RAB Modify procedure. Successful operation.

The MME initiates the procedure by sending an E-RAB MODIFY REQUEST message to the eNB. 

-
The E-RAB MODIFY REQUEST message shall contain the information required by the eNB to modify one or several E-RABs of the existing E-RAB configuration. 

Information shall be present in the E-RAB MODIFY REQUEST message only when any previously set value for the E-RAB configuration is requested to be modified.

Upon reception of the E-RAB MODIFY REQUEST message, and if resources are available for the requested target configuration, the eNB shall execute the modification of the requested E-RAB configuration. For each E-RAB that shall be modified and for which the Transport Information IE is not included and based on the new E-RAB level QoS parameters IE the eNB shall modify the Data Radio Bearer configuration and change allocation of resources on Uu according to the new resource request. The eNB shall pass the NAS-PDU IE received for the E-RAB to the UE when modifying the Data Radio Bearer configuration. The eNB does not send the NAS PDUs associated to the failed Data radio bearers to the UE. The eNB shall change allocation of resources on S1 according to the new resource request.

If the E-UTRAN failed to modify an E-RAB the E-UTRAN shall keep the E-RAB configuration as it was configured prior the E-RAB MODIFY REQUEST.

The E-RAB MODIFY REQUEST message may contain the

-
the UE Aggregate Maximum Bit Rate IE.

If the UE Aggregate Maximum Bit Rate IE is included in the E-RAB MODIFY REQUEST, the eNB shall
-
replace the previously provided UE Aggregate Maximum Bit Rate by the received UE Aggregate Maximum Bit Rate in the UE context;
-
use the received UE Aggregate Maximum Bit Rate for non-GBR Bearers for the concerned UE.
If the UE Aggregate Maximum Bit Rate IE is not contained in the E-RAB MODIFY REQUEST message, the eNB shall use the previously provided UE Aggregate Maximum Bit Rate which is stored in the UE context. 

The modification of resources according to the values of the Allocation and Retention Priority IE shall follow the principles described for the E-RAB Setup procedure.
If the Transport Information IE is included in the E-RAB MODIFY REQUEST message, the eNB shall use the included information as the new S-GW address and uplink packet destination for the relevant E-RAB as defined in TS 23.401 [11], and it shall ignore the E-RAB Level QoS Parameters and NAS-PDU IEs for the same E-RAB.

The eNB shall report to the MME, in the E-RAB MODIFY RESPONSE message, the result for all the requested E-RABs to be modified.

-
A list of E-RABs which are successfully modified shall be included in the E-RAB Modify List IE.

-
A list of E-RABs which failed to be modified, if any, shall be included in the E-RAB Failed to Modify List IE.
When the eNB reports unsuccessful modification of an E-RAB, the cause value should be precise enough to enable the MME to know the reason for an unsuccessful modification, e.g., “Radio resources not available”, “Failure in the Radio Interface Procedure”.

In case of a modification of an E-RAB the EPC must be prepared to receive user data according to the modified E-RAB profile prior to the E-RAB MODIFY RESPONSE message.
If the Data Volume Request IE is included in the E-RAB MODIFY REQUEST message, the eNB shall, if supported, include a Data Volume Report IE in E-RAB MODIFY RESPONSE to inform the MME of secondary RAT usage as specified in TS 23.401 [11]. 
********* Next change **********
8.2.3
E-RAB Release

8.2.3.1
General

The purpose of the E-RAB Release procedure is to enable the release of already established E-RABs for a given UE. The procedure uses UE-associated signalling.
8.2.3.2
Successful Operation

8.2.3.2.1
E-RAB Release – MME initiated
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Figure 8.2.3.2.1-1: E-RAB Release procedure. Successful operation.

The MME initiates the procedure by sending an E-RAB RELEASE COMMAND message. 

The E-RAB RELEASE COMMAND message shall contain the information required by the eNB to release at least one E-RAB in the E-RAB To Be Released List IE. If a NAS-PDU IE is contained in the message, the eNB shall pass it to the UE.

Upon reception of the E-RAB RELEASE COMMAND message the eNB shall execute the release of the requested E-RABs. For each E-RAB to be released the eNB shall release the corresponding Data Radio Bearer and release the allocated resources on Uu. The eNB shall pass the value contained in the E-RAB ID IE received for the E-RAB to the radio interface protocol for each Data Radio Bearer to be released. The eNB shall release allocated resources on S1 for the E-RABs requested to be released.
The E-RAB RELEASE COMMAND message may contain 

-
the UE Aggregate Maximum Bit Rate IE.

If the UE Aggregate Maximum Bit Rate IE is included in the E-RAB RELEASE COMMAND the eNB shall
-
replace the previously provided UE Aggregate Maximum Bit Rate by the received UE Aggregate Maximum Bit Rate in the UE context; the eNB shall use the received UE Aggregate Maximum Bit Rate for non-GBR Bearers for the concerned UE. 
If the UE Aggregate Maximum Bit Rate IE is not contained in the E-RAB RELEASE COMMAND message, the eNB shall use the previously provided UE Aggregate Maximum Bit Rate which is stored in the UE context.

The eNB shall report to the MME, in the E-RAB RELEASE RESPONSE message, the result for all the E-RABs to be released.

-
A list of E-RABs which are released successfully shall be included in the E-RAB Release List IE.

-
A list of E-RABs which failed to be released, if any, shall be included in the E-RAB Failed to Release List IE. 

The eNB shall be prepared to receive an E-RAB RELEASE COMMAND message on an established UE-associated logical S1-connection containing an E-RAB Release List IE at any time and shall always reply to it with an E-RAB RELEASE RESPONSE message.

The eNB shall, if supported, report in the E-RAB RELEASE RESPONSE message location information of the UE in the User Location Information IE.

After sending an E-RAB RELEASE RESPONSE message containing an E-RAB ID within the E-RAB Release List IE, the eNB shall be prepared to receive an E-RAB SETUP REQUEST message requesting establishment of an E-RAB with this E-RAB ID.

If the User Location Information IE is included in the E-RAB RELEASE RESPONSE message, the MME shall handle this information as specified in TS 23.401 [11].
If the Data Volume Report IE in included in the E-RAB RELEASE RESPONSE, the MME shall handle this information as specified in TS 23.401 [11].
********* Next change **********
8.2.4
E-RAB Modification Indication

8.2.4.1
General

The purpose of the E-RAB Modification Indication procedure is to enable the eNB to request modifications of already established E-RABs for a given UE. The procedure uses UE-associated signalling.

8.2.4.2
Successful Operation
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Figure 8.2.4.2-1: E-RAB Modification Indication procedure. Successful operation.

The eNB initiates the procedure by sending an E-RAB MODIFICATION INDICATION message to the MME.

The Transport Layer Address IE and DL GTP TEID IE included in the E-RAB To Be Modified Item IEs IE in the E-RAB MODIFICATION INDICATON message shall be considered by the MME as the new DL address of the E-RABs. The Transport Layer Address IE and DL GTP TEID IE included in the E-RAB Not To Be Modified Item IEs IE in the E-RAB MODIFICATION INDICATION message shall be considered by the MME as the E-RABs with unchanged DL address

The E-RAB MODIFICATION CONFIRM message shall contain the result for all the E-RABs that were requested to be modified according to the E-RAB To Be Modified Item IEs IE of the E-RAB MODIFICATION INDICATION message as follows:

-
A list of E-RABs which are successfully modified shall be included in the E-RAB Modify List IE.

-
A list of E-RABs which failed to be modified, if any, shall be included in the E-RAB Failed to Modify List IE.

-
A list of E-RABs which are to be released, if any, shall be included in the E-RAB To Be Released List IE.
If the E-RAB Failed to Modify List IE is received in the E-RAB MODIFICATION CONFIRM message, the eNB shall either

-
release all corresponding E-UTRA and E-UTRAN resources for the concerned E-RAB or

-
keep the previous transport information before sending the E-RAB MODIFICATION INDICATION message unchanged for the concerned E-RAB.
If the E-RAB To Be Released List IE is received in the E-RAB MODIFICATION CONFIRM message, the eNB shall release all corresponding E-UTRA and E-UTRAN resources for the concerned E-RAB.

If the CSG Membership Info IE is included in the E-RAB MODIFICATION INDICATION message, the MME shall use the information for CSG membership verification as specified in TS 36.300 [14] and provide the result of the membership verification in the CSG Membership Status IE contained in the E-RAB MODIFICATION CONFIRM message.

If PLMN Identity IE is received in the CSG Membership Info IE in the E-RAB MODIFICATION INDICATION message, the MME shall use it for CSG membership verification as specified in TS 36.300 [14].

When the MME reports unsuccessful modification of an E-RAB, the cause value should be precise enough to enable the eNB to know the reason for an unsuccessful modification.

If the Tunnel Information for BBF IE is received in the E-RAB MODIFICATION INDICATION message, the MME shall, if supported, use it in the core network as specified in TS 23.139 [37].
If the Data Volume Report IE in included in the E-RAB RELEASE RESPONSE, the MME shall handle this information as specified in TS 23.401 [11].

********* Next change **********
8.3.3
UE Context Release (MME initiated)

8.3.3.1
General

The purpose of the UE Context Release procedure is to enable the MME to order the release of the UE-associated logical connection due to various reasons, e.g., completion of a transaction between the UE and the EPC, or completion of successful handover, or completion of handover cancellation, or release of the old UE-associated logical S1-connection when two UE-associated logical S1-connections toward the same UE is detected after the UE has initiated the establishment of a new UE-associated logical S1-connection, or the UE is no longer allowed to access the CSG cell (i.e., the UE becomes a non-member of the currently used CSG cell). The procedure uses UE-associated S1 connection.
8.3.3.2
Successful Operation
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Figure 8.3.3.2-1: UE Context Release procedure. Successful operation.

The MME initiates the procedure by sending the UE CONTEXT RELEASE COMMAND message to the eNB. 

The UE CONTEXT RELEASE COMMAND message shall contain the UE S1AP ID pair IE if available, otherwise the message shall contain the MME UE S1AP ID IE.

The MME provides the cause IE set to “Load Balancing TAU Required” in the UE CONTEXT RELEASE COMMAND message sent to the eNB for all load balancing and offload cases in the MME. 

Upon reception of the UE CONTEXT RELEASE COMMAND message, the eNB shall release all related signalling and user data transport resources and reply with the UE CONTEXT RELEASE COMPLETE message. In case of eNB supporting L-GW function for LIPA and/or SIPTO@LN operation, the eNB shall also release any related tunnel resources. In case of successful handover, the eNB using L-GW function for SIPTO@LN operation shall also request using intra-node signalling the collocated L-GW to release the SIPTO@LN PDN connection as defined in TS 23.401 [11].

The eNB shall, if supported, report in the UE CONTEXT RELEASE COMPLETE message location information of the UE in the User Location Information IE.

If the User Location Information IE is included in the UE CONTEXT RELEASE COMPLETE message, the MME shall handle this information as specified in TS 23.401 [11].

If the Information on Recommended Cells and eNBs for Paging IE is included in the UE CONTEXT RELEASE COMPLETE message, the MME shall, if supported, store it and may use it for subsequent paging. 

If the Cell Identifier and Coverage Enhancement Level IE is included in the UE CONTEXT RELEASE COMPLETE message, the MME shall, if supported, store it and use it for subsequent paging.
If the Data Volume Report IE in included in the UE CONTEXT RELEASE COMPLETE message, the MME shall handle this information as specified in TS 23.401 [11].
********* Next change **********
8.3.7
UE Context Suspend

8.3.7.1
General

The purpose of the UE Context Suspend procedure is to suspend the UE context, the UE-associated logical S1-connection and the related bearer contexts in the E-UTRAN and the EPC.
8.3.7.2
Successful Operation
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Figure 8.3.7.2-1: UE Context Suspend procedure. Successful operation.

The eNB initiates the procedure by sending the UE CONTEXT SUSPEND REQUEST message to the MME.

Upon receipt of the UE CONTEXT SUSPEND REQUEST the MME shall act as defined in TS 23.401 [11].

Upon receipt of the UE CONTEXT SUSPEND RESPONSE message the eNB shall suspend the UE context, the UE-associated logical S1-connection and the related bearer contexts and send the UE to RRC_IDLE.

If the Information on Recommended Cells and eNBs for Paging IE is included in the UE CONTEXT SUSPEND REQUEST message, the MME shall, if supported, store it and may use it for subsequent paging.

If the Cell Identifier and Coverage Enhancement Level IE is included in the UE CONTEXT SUSPEND REQUEST message, the MME shall, if supported, store it and use it for subsequent paging.
If the Security Context IE is included in the UE CONTEXT SUSPEND RESPONSE message, the eNB shall store the received Security Context IE in the UE context and remove any existing unused stored {NH, NCC} as specified in TS 33.401 [15].
If the Data Volume Report IE in included in the UE CONTEXT RELEASE COMPLETE message, the MME shall handle this information as specified in TS 23.401 [11].
********* Next change **********
8.x
Data Volume Report Transfer 

8.x.1
General

The purpose of the Data Volume Report Transfer procedure is to enable the eNB to forward to the MME a data volume report for secondary RAT usage, as specified in TS 23.401 [11]. The procedure uses UE-associated signalling.
8.x.2
Successful Operation 
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Figure 8.x.1: Data Volume Report Transfer Procedure. Successful operation.
The eNB initiates the procedure by sending the DATA VOLUME REPORT TRANSFER message to the MME. Upon reception of the DATA VOLUME REPORT TRANSFER message, the MME proceeds as specified in TS 23.401 [11].
8.x.3
Unsuccessful Operation
Not applicable.

8.x.4
Abnormal Conditions

Not applicable.
********* Next change **********
9.1.3.3
E-RAB MODIFY REQUEST

This message is sent by the MME and is used to request the eNB to modify the Data Radio Bearers and the allocated resources on Uu and S1 for one or several E-RABs or to change the S-GW as defined in TS 23.401 [11].
Direction: MME ( eNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	UE Aggregate Maximum Bit Rate
	O
	
	9.2.1.20
	
	YES
	reject

	E-RAB to be Modified List
	
	1
	
	
	YES
	reject

	>E-RAB To Be Modified Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	>>E-RAB Level QoS Parameters 
	M
	
	9.2.1.15
	Includes necessary QoS parameters.
	-
	

	>>NAS-PDU
	M
	
	9.2.3.5
	
	-
	

	>>Transport Information
	O
	
	
	
	YES
	reject

	>>>Transport Layer Address
	M
	
	9.2.2.1
	
	-
	

	>>>UL GTP TEID
	M
	
	GTP-TEID

9.2.2.2
	
	-
	

	Data Volume Request
	O
	
	ENUMERATED (report-requested, …)
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


********* Next change **********
9.1.3.4
E-RAB MODIFY RESPONSE

This message is sent by the eNB and is used to report the outcome of the request from the E-RAB MODIFY REQUEST message.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore

	E-RAB Modify List
	
	0..1
	
	
	YES
	ignore

	>E-RAB Modify Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	E-RAB Failed to Modify List 
	O
	
	E-RAB List 

9.2.1.36
	A value for E-RAB ID shall only be present once in E-RAB Modify List IE and E-RAB Failed to Modify List IE.
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore

	Data Volume Report
	O
	
	9.2.1.XX
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


********* Next change **********
9.1.3.6
E-RAB RELEASE RESPONSE

This message is sent by the eNB and is used to report the outcome of the request from the E-RAB RELEASE COMMAND message.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore

	E-RAB Release List 
	
	0..1
	
	
	YES
	ignore

	>E-RAB Release Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	E-RAB Failed to Release List 
	O
	
	E-RAB List 

9.2.1.36
	A value for E-RAB ID shall only be present once in E-RAB Release List IE and E-RAB Failed to Release List IE.
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore

	User Location Information
	O
	
	9.2.1.93
	
	YES
	ignore

	Data Volume Report
	O
	
	9.2.1.XX
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


********* Next change **********
9.1.3.8
E-RAB MODIFICATION INDICATION

This message is sent by the eNB and is used to request the MME to apply the indicated modification for one or several E-RABs.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	E-RAB to be Modified List
	
	1
	
	
	YES
	reject

	>E-RAB to Be Modified Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	>>Transport Layer Address
	M
	
	9.2.2.1
	
	-
	

	>>DL GTP TEID
	M
	
	GTP-TEID

9.2.2.2
	
	-
	

	E-RAB not to be Modified List
	
	0..1
	
	
	YES
	reject

	>E-RAB not to Be Modified Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	>>Transport Layer Address
	M
	
	9.2.2.1
	
	-
	

	>>DL GTP TEID
	M
	
	GTP-TEID

9.2.2.2
	
	-
	

	CSG Membership Info
	
	0..1
	
	
	YES
	reject

	>CSG Membership Status
	M
	
	9.2.1.73
	
	-
	

	>CSG Id
	M
	
	9.2.1.62
	
	-
	

	>Cell Access Mode 
	O
	
	9.2.1.74
	
	-
	

	>PLMN Identity
	O
	
	9.2.3.8
	
	-
	

	Tunnel Information for BBF
	O
	
	Tunnel Information 9.2.2.3
	Indicating HeNB’s Local IP Address assigned by the broadband access provider, UDP port Number.
	YES
	ignore

	Data Volume Report
	O
	
	9.2.1.XX
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256.


********* Next change **********
9.1.4.7
UE CONTEXT RELEASE COMPLETE

This message is sent by the eNB to confirm the release of the UE-associated S1-logical connection over the S1 interface.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore

	User Location Information
	O
	
	9.2.1.93
	
	YES
	ignore

	Information on Recommended Cells and eNBs for Paging
	O
	
	9.2.1.105
	
	YES
	ignore

	Cell Identifier and Coverage Enhancement Level
	O
	
	9.2.1.109
	
	YES
	ignore

	Data Volume Report
	O
	
	9.2.1.XX
	
	YES
	ignore


********* Next change **********
9.1.4.15
UE CONTEXT SUSPEND REQUEST

This message is sent by the eNB to request the MME to suspend the UE context and the related bearer contexts.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	Information on Recommended Cells and eNBs for Paging
	O
	
	9.2.1.105
	
	YES
	ignore

	Cell Identifier and Coverage Enhancement Level 
	O
	
	9.2.1.109
	
	YES
	ignore

	Data Volume Report
	O
	
	9.2.1.XX
	
	YES
	ignore


********* Next change **********
9.1.X
DATA VOLUME REPORT TRANSFER
This message is sent by eNB to transfer a data volume report for secondary RAT usage for a specific UE to the MME as specified in TS 23.401 [11].
Direction: eNB ( MME

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	Data Volume Report
	M
	
	9.2.1.XX
	
	YES
	reject


9.2.1.XX
Data Volume Report
This IE contains data volume reports for secondary RAT usage (one per E-RAB ID for which the data volume is reported).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	E-RAB Data Volume Report Item
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	ignore

	>E-RAB ID
	M
	
	9.2.1.2
	
	-
	-

	>Secondary RAT Identifier
	M
	
	ENUMERATED (NR, …)
	
	-
	-

	>Uplink Data Volume
	M
	
	INTEGER (0 .. 232 -1)
	Data volume report in bytes. 
	
	

	>Downlink Data Volume
	M
	
	INTEGER (0 .. 232 -1)
	Data volume report in bytes.
	
	


	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


********* End of Changes for TS 36.413 **********
6. Appendix B: Text Proposal for TS 36.423
********* Start of Change **********
7
Functions of X2AP

The X2AP protocol provides the following functions:

-
Mobility Management. This function allows the eNB to move the responsibility of a certain UE to another eNB. Forwarding of user plane data, Status Transfer and UE Context Release function are parts of the mobility management.

-
Dual Connectivity. This function allows the eNB to request another eNB to provide radio resources for a certain UE while keeping responsibility for that UE.

-
Load Management. This function is used by eNBs to indicate resource status, overload and traffic load to each other.

-
Reporting of General Error Situations. This function allows reporting of general error situations, for which function specific error messages have not been defined.

-
Resetting the X2. This function is used to reset the X2 interface. 

-
Setting up the X2. This function is used to exchange necessary data for the eNB for setup the X2 interface and implicitly perform an X2 Reset.

-
eNB Configuration Update. This function allows updating of application level data needed for two eNBs to interoperate correctly over the X2 interface. 

-
Mobility Parameters Management. This function allows the eNB to coordinate adaptation of mobility parameter settings with a peer eNB. 

-
Mobility Robustness Optimisation. This function allows reporting of information related to mobility failure events. 

-
Energy Saving. This function allows decreasing energy consumption by enabling indication of cell activation/deactivation over the X2 interface.

-
X2 Release. This function allows an eNB to be aware that the signalling connection to a peer eNB is unavailable.

-
Message Transfer. This function allows indirect transport of X2AP messages to a peer eNB.

-
Registration. This function allows registration of eNB in case indirect transport of X2AP messages is supported.

-
Removing the X2. This function allows removing the signaling connection between two eNBs in a controlled manner.

-
Inter-eNB UE Context Resume. This function allows retrieval of a suspended UE context.
-
Data Volume Report Transfer function. The functionality enables the SgNB to report secondary RAT usage to the eNB.
The mapping between the above functions and X2 EPs is shown in the table below.

Table 7-1: Mapping between X2AP functions and X2AP EPs

	Function
	Elementary Procedure(s)

	Mobility Management
	a) Handover Preparation
b) SN Status Transfer
c) UE Context Release

d) Handover Cancel

	Dual Connectivity
	a) SeNB Addition Preparation

b) SeNB Reconfiguration Completion

c) MeNB initiated SeNB Modification Preparation

d) SeNB initiated SeNB Modification

e) MeNB initiated SeNB Release

f) SeNB initiated SeNB Release

g) SeNB Counter Check

	Load Management
	a) Load Indication

b) Resource Status Reporting Initiation

c) Resource Status Reporting

	Reporting of General Error Situations
	Error Indication

	Resetting the X2
	Reset

	Setting up the X2
	X2 Setup

	eNB Configuration Update
	a) eNB Configuration Update

b) Cell Activation

	Mobility Parameters Management
	Mobility Settings Change

	Mobility Robustness Optimisation
	a) Radio Link Failure Indication

b) Handover Report

	Energy Saving
	a) eNB Configuration Update

b) Cell Activation

	X2 Release
	X2 Release

	Message Transfer Registration
	X2AP Message Transfer

	Removing the X2
	X2 Removal

	Inter-eNB UE Context Resume
	Retrieve UE Context

	Data Volume Report Transfer
	SgNB Data Volume Report Transfer


8
X2AP procedures

8.1
Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs.

Table 8.1-1: Class 1 Elementary Procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Preparation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER PREPARATION FAILURE

	Reset
	RESET REQUEST
	RESET RESPONSE
	

	X2 Setup 
	X2 SETUP REQUEST
	X2 SETUP RESPONSE
	X2 SETUP FAILURE

	eNB Configuration Update
	ENB CONFIGURATION UPDATE
	ENB CONFIGURATION UPDATE ACKNOWLEDGE
	ENB CONFIGURATION UPDATE FAILURE

	Resource Status Reporting Initiation
	RESOURCE STATUS REQUEST
	RESOURCE STATUS RESPONSE
	RESOURCE STATUS FAILURE

	Mobility Settings Change
	MOBILITY CHANGE REQUEST
	MOBILITY CHANGE ACKNOWLEDGE
	MOBILITY CHANGE FAILURE

	Cell Activation
	CELL ACTIVATION REQUEST
	CELL ACTIVATION RESPONSE
	CELL ACTIVATION FAILURE

	SeNB Addition Preparation
	SENB ADDITION REQUEST
	SENB ADDITION REQUEST ACKNOWLEDGE
	SENB ADDITION REQUEST REJECT

	MeNB initiated SeNB Modification Preparation
	SENB MODIFICATION REQUEST
	SENB MODIFICATION REQUEST ACKNOWLEDGE
	SENB MODIFICATION REQUEST REJECT

	SeNB initiated SeNB Modification
	SENB MODIFICATION REQUIRED
	SENB MODIFICATION CONFIRM
	SENB MODIFICATION REFUSE

	SeNB initiated SeNB Release
	SENB RELEASE REQUIRED
	SENB RELEASE CONFIRM
	

	X2 Removal
	X2 REMOVAL REQUEST
	X2 REMOVAL RESPONSE
	X2 REMOVAL FAILURE

	Retrieve UE Context
	RETRIEVE UE CONTEXT REQUEST
	RETRIEVE UE CONTEXT RESPONSE
	RETRIEVE UE CONTEXT FAILURE


Table 8.1-2: Class 2 Elementary Procedures

	Elementary Procedure
	Initiating Message

	Load Indication
	LOAD INFORMATION

	Handover Cancel
	HANDOVER CANCEL

	SN Status Transfer
	SN STATUS TRANSFER

	UE Context Release
	UE CONTEXT RELEASE

	Resource Status Reporting
	RESOURCE STATUS UPDATE

	Error Indication
	ERROR INDICATION

	Radio Link Failure Indication
	RLF INDICATION

	Handover Report
	HANDOVER REPORT

	X2 Release
	X2 RELEASE

	X2AP Message Transfer
	X2AP MESSAGE TRANSFER

	SeNB Reconfiguration Completion
	SENB RECONFIGURATION COMPLETE

	MeNB initiated SeNB Release
	SENB RELEASE REQUEST

	SeNB Counter Check
	SENB COUNTER CHECK REQUEST

	SgNB Data Volume Report Transfer
	SGNB DATA VOLUME REPORT TRANSFER


********* Next Change **********
8.y
SgNB Data Volume Report Transfer
8.y.1
General

The purpose of the SgNB Data Volume Report Transfer procedure is to enable the SgNB to forward to the MeNB a data volume report for secondary RAT usage, as specified in TS 23.401 [12]. The procedure uses UE-associated signalling.
The procedure uses UE-associated signalling.

8.y.2
Successful Operation


[image: image7.emf]MeNB SgNB

SGNB DATA VOLUME REPORT TRANSFER


Figure 8.x.2-1: SgNB Data Volume Report Transfer procedure, successful operation.

The SgNB initiates the procedure by sending the SGNB DATA VOLUME REPORT TRANSFER message to the MeNB.
Upon reception of the SGNB DATA VOLUME REPORT TRANSFER message, the MeNB extracts the secondary RAT usage information, and proceeds as specified in [xx]. [TBD – Stage 2 RAN]
8.y.3
Abnormal Conditions

Not applicable.
********* Next Change **********
9.1.XX.YY
SGNB DATA VOLUME REPORT TRANSFER
This message is sent by the SgNB to the MeNB to transfer a data volume report for secondary RAT usage for a specific UE to the MeNB.

Direction: SgNB ( MeNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	reject

	SgNB UE X2AP ID
	M
	
	gNB UE X2AP ID

9.2.XX
	Allocated at the SgNB
	YES
	reject

	MeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the MeNB
	YES
	reject

	SgNB UE X2AP ID Extension
	O
	
	Extended gNB UE X2AP ID

9.2.XY
	Allocated at the SgNB
	YES
	reject

	Data Volume Report
	M
	
	9.2.ZZ
	
	YES
	reject


********* Next Change **********
9.2.ZZ
Data Volume Report
This IE contains data volume reports for secondary RAT usage (one per E-RAB ID for which the data volume is reported).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	E-RAB Data Volume Report Item
	
	1 .. <maxnoofBearers>
	
	
	EACH
	ignore

	>E-RAB ID
	M
	
	9.2.1.2
	
	-
	-

	>Secondary RAT Identifier
	M
	
	ENUMERATED (NR, …)
	
	-
	-

	>Uplink Data Volume
	M
	
	INTEGER (0 .. 232 -1)
	Data volume report in bytes. 
	
	

	>Downlink Data Volume
	M
	
	INTEGER (0 .. 232 -1)
	Data volume report in bytes.
	
	


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256


********* End of Changes for TS 36.423 **********
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