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Discussion

The procedures impacted by the solution are Initial Attach, UE requested PDN connectivity, Dedicated bearer activation, S1-based handover, S1 release procedure, UE or MME requested PDN Disconnection, and are described in clause 6.6.1.2
With regards to the two editor's notes: 

Editor's note: it is FFS whether to send the values of the downlink traffic counters and their corresponding counter-ids via control plane or via user plane, when considering complexity in case of split CP-UP architecture (CUPS).
Editor's Note: It is FFS whether, considering complexity in case of split CP-UP architecture (CUPS), the user plane can be used instead. 

, it is recognized that sending the values of downlink counters via the user plane, even in case of split architecture, would not be an appropriate solution for at least the following reasons:
· Gathering of counters and knowledge of charging requirements are Control Plane responsibility: the user plane does not even know that the counter it increments is for charging or for usage monitoring.

· Charging interfaces are at the Control Plane in the PGW/SGW.

Proposal
It is proposed to agree on the following changes to TR 23.729.

FIRST CHANGE
6.6
Solution #6: uplink marking and downlink counters in RAN

6.6.1
Description

6.6.1.1
General
The solution covers Key Issues #1, #3 and #4 and addresses both LTE-WLAN Aggregation split and switched bearer modes.

The solution is based on keeping the existing offline mechanisms and online credit-based mechanisms with quota in the PGW, and on adding mechanisms that do not require to handle credit-based mechanisms with quota at the RAN. The solution consists in different mechanisms for uplink and downlink as follows:

Reporting mechanisms:

-
For uplink traffic, the eNB indicates in each packet whether data was received from 3GPP access or from unlicensed spectrum access using an "access type" indication and corresponding data volume on that access (a packet may have been fragmented and fragments may have been sent via different accesses). The PGW (and/or the SGW for inter-operator accounting in case of home-routed roaming scenario) just needs to read the access type indication and increments the appropriate counter(s) (i.e. the unlicensed spectrum access counter or/and the 3GPP access counter). It allows the PGW to perform flow based charging or bearer charging for the uplink since the PGW can know, for each IP packet, how much data has been sent on licensed access and how much data has been sent over unlicensed spectrum . It also allows both offline an online charging for the uplink.

-
For downlink traffic, when the eNB receives a downlink packet, it decides whether the packet (or each fragment) should be sent using the 3GPP access or using the unlicensed spectrum access. Based on a (list of) counter-ids provided with the downlink packet by the PGW and possibly by the SGW in case of home routed roaming scenario, the eNB increments those data volume counter(s) for the access type (e.g. 3GPP access, unlicensed access) over which the  data has been sent. The counters can correspond to Service Data Flows, Applications or bearers. 

-
At a point of time decided by the PGW or at well-known events such as handovers (see below), the eNB sends the (list of) counter(s) value(s) for each access type to the PGW using existing S1 signalling messages. The downlink traffic counter(s) value(s) for each access type are sent on a per bearer basis. 


Activation/deactivation mechanisms:

-
The mechanisms are valid whenever the PGW is in the home network (non-roaming scenario, home routed roaming scenario) or in the visited network (local breakout roaming scenario).

-
In order to trigger the eNB to mark the uplink packets, the PGW sends an indication "Access Marking" set to "start" to the eNB requesting to start marking the uplink packets. The PGW triggers the stop of marking uplink packets, by sending an indication "Access Marking" set to "stop" to the eNB. These triggers can be sent by the PGW/SGW via MME to the eNB via GTP-C/S1 signalling at RAB establishment/modification. This can be decided during the normative phase.

-
In order to trigger the downlink packets counting in the eNB, the PGW indicates, in each packet, a (list of) counter-ids that points to counters to be incremented depending on the access the packet (or fragment) is sent. This list is generated by the PGW and possibly from the SGW in case of home-routed roaming scenario, based on the required measurements for downlink traffic determined by the PGW (PCC Rules, bearer…). For the "bearer level" counters, there may be counter identifiers standard values, which can be used by the PGW when bearer level counters are required.

-
In order to trigger the reporting of counters values, the PGW indicates the events for reporting. The events may be implicit: on HO complete, on ERAB Release, on S1 Release, on Path Switch Request. The events may also be explicit: when the Volume Reached/Time Reached thresholds or periodicity provided by the PGW (and possibly by the SGW) are reached, or upon PGW signalling request based on the charging characteristics (thresholds…) determined by offline charging mechanisms or determined by the OCS. The explicit triggers are sent in the control plane. 



If reported via control plane, the counters are also sent from MME to SGW/PGW at MME relocation, at SGW relocation or when the UE moves to an eNB that does not support the feature, using Modify Bearer Request or Change Notification Request. 


An indication of "supported functionality" is sent from the eNB to the MME. Whenever the new eNB/target does not support the functionality, the MME sends a "non-supported indication" to the PGW at PDN connection setup and at handovers, together with the counters, and requests the eNB to not use unlicensed spectrum access.
Charging mechanisms:

-
To allow for charging differentiation between 3GPP and unlicensed spectrum accesses at OFCS and OCS, the existing offline and online charging for EPC relying on Flow based charging mechanism are enhanced to collect data of the same flows which are sent/received over unlicensed spectrum separately from those sent/received over licensed spectrum:

-
The Flow based charging (PCC Rules) and bearer charging functions are extended with an additional Rating Group and/or bearer container for the specific collection of traffic over unlicensed spectrum. 
-
This implies updates to the PCC rules allowing the PCRF to specify different Rating Groups for the same traffic flow depending on whether the traffic flow has been sent over 3GPP access or over unlicensed spectrum access.
6.6.1.2
Procedures

6.6.1.2.1
Initial Attach
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Figure 6.2.1.2.1-1: Attach procedure

The Attach procedure is the same as specified in TS 23.401 clause 5.3.2.1 with the following modifications:

2.
The eNB indicates in the Initial UE message its support of the new feature.

12.
The MME indicates in the Create Session Request its support of the new feature.

13.
The SGW relays the support of the new feature to the PDN GW.

14.
The PCRF provides PCC Rule(s) with both rating group for 3GPP access and rating group for unlicensed access.

15.
Based on installed PCC rules, the PDN GW identities for downlink counters to be installed in the RAN, per bearer, per service data flow and/or per application id. Each downlink packet is appended with a list of counters-id. The PDN GW may include in Create Session Response an indication "Uplink Access Marking" requesting the eNB to start marking uplink packets with "Access Type" indication.

16. In home routed scenario, the SGW may include in Create Session Response an indication "Uplink Access Marking" requesting the eNB to start marking uplink packets.

17.
The indication "Uplink Access Marking" is transferred to the eNB.

22.
 For any uplink packet received via an access type, based on the indication "Uplink Access Marking", the eNB shall add an "Access Type" indication in the GTP-u header of the uplink packet.

24.
When a downlink packet is received by the eNB, and if the eNB uses LAA, LWA or LWIP for the UE, it decides whether the packet is sent via 3GPP access or via unlicensed spectrum access per TS 36.300 [x]. The eNB increments, for the corresponding access, the counters identified by the counter-ids provided with the downlink packet by the PGW and possibly by the SGW for this packet.

6.2.1.2.2
UE requested PDN connectivity
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Figure 6.2.1.2.2-1: UE requested PDN connectivity

The UE Requested PDN connectivity procedure is the same as specified in TS 23.401 clause 5.10.2 with the following modifications:

4.
The PCRF provides PCC Rule(s) with both rating group for 3GPP access and rating group for unlicensed access.

5.
Based on installed PCC rules, the PDN GW identities for downlink counters to be installed in the RAN, per bearer, per service data flow and/or per application id. Each downlink packet is appended with a list of counters-id. The PDN GW may include in Create Session Response an indication "Uplink Access Marking" requesting the eNB to start marking uplink packets with "Access Type" indication. 

6.
In home routed scenario, the SGW may include in Create Session Response an indication "Uplink Access Marking" requesting the eNB to start marking uplink packets.

7.
The indication "Uplink Access Marking" is transferred to the eNB.

12.
 For any uplink packet received via an access type, based on the indication "Uplink Access Marking", the eNB shall add an "Access Type" indication in the GTP-u header of the uplink packet.

14.
When a downlink packet is received by the eNB, and if the eNB uses LAA, LWA or LWIP for the UE, it decides whether the packet is sent via 3GPP access or via unlicensed spectrum access per TS 36.300 [x]. The eNB increments, for the corresponding access, the counters identified by the counter-ids provided with the downlink packet by the PGW and possibly by the SGW for this packet.

6.2.1.2.3
Dedicated bearer activation
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Figure 6.2.1.2.3-1: Dedicated Bearer Activation Procedure

The Dedicated Bearer Activation procedure is the same as specified in TS 23.401 clause 5.4.1 with the following modifications:
2.
Based on installed PCC rules, the PDN GW identities for downlink counters to be installed in the RAN, per bearer, per service data flow and/or per application id. Each downlink packet is appended with a list of counters-id. The PDN GW may include in Create Session Response an indication "Uplink Access Marking" requesting the eNB to start marking uplink packets with "Access Type" indication.
3.
In home routed scenario, the SGW may include in Create Bearer Request an indication "Uplink Access Marking" requesting the eNB to start marking uplink packets.

4.
The indication "Uplink Access Marking" is transferred to the eNB.

9.
 For any uplink packet received via an access type, based on the indication "Uplink Access Marking", the eNB shall add an "Access Type" indication in the GTP-u header of the uplink packet.

12.
When a downlink packet is received by the eNB, and if the eNB uses LAA, LWA or LWIP for the UE, it decides whether the packet is sent via 3GPP access or via unlicensed spectrum access per TS 36.300 [x]. The eNB increments, for the corresponding access, the counters identified by the counter-ids provided with the downlink packet by the PGW and possibly by the SGW for this packet.

6.2.1.2.4
S1-based handover
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Figure 6.2.1.2.4-1: S1-based handover

The S1-based handover procedure is the same as specified in TS 23.401 clause 5.5.1.2 with the following modifications:

3.
The Forward Relocation Request message includes, for each PDN connection, the indication "Uplink Access Marking", if provided by the PGW.

4a.
In home routed scenario, the SGW may include in Create Session Response an indication "Uplink Access Marking" requesting the eNB to start marking uplink packets.

7.
The indication "Uplink Access Marking" is transferred to the eNB in the Handover Request.

10.The values of the counters for each access type and their corresponding counter-ids are included in the eNB Status Transfer message to the source MME.
12.
 When a downlink packet is received by the eNB, and if the eNB uses LAA, LWA or LWIP for the UE, it decides whether the packet is sent via 3GPP access or via unlicensed spectrum access per TS 36.300 [x]. The eNB increments, for the corresponding access, the counters identified by the counter-ids provided with the downlink packet by the PGW and possibly by the SGW for this packet.

For any uplink packet received via an access type, based on the indication "Unlicensed Access Marking", the eNB shall add an "Access Type" indication in the GTP-u header of the uplink packet.

14b.The source MME includes the values of the counters and their corresponding counter-ids in the Forward Relocation Complete message to the target MME.

15.
The target MME includes the values of the counters and their corresponding counter-ids in the Modify Bearer Request message to the SGW.

16.
The SGW includes the values of the counters and their corresponding counter-ids in the Modify Bearer Request message to the PDN GW. The PDN GW increments the corresponding counters by the values provided by the source eNB. In home-routed scenarios, the SGW uses the values of the counters and their corresponding counter-ids provided by the SGW to increment the counters relative to inter-operator accounting.

6.2.1.2.5
S1 release procedure
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Figure 6.2.1.2.5-1: S1 Release Procedure

The S1 release procedure is the same as specified in TS 23.401 clause 5.3.5 with the following modifications:

1.
The values of the counters for each access type and their corresponding counter-ids are included in the S1UE Context Release Request message to the MME.

2.
The MME stores the values of the counters and their corresponding counter-ids provided by the PDN GW, and includes the values of the counters and their corresponding counter-ids provided by the SGW in the Release Access Bearers Request message to the SGW. The counters and their corresponding counter-ids provided by the PGW will be reported to the PGW either:

-
at the MME Initiated Dedicated Bearer Deactivation (see clause 5.4.4.2 in TS 23.401), when triggered by the MME: in this case, they are included in the Delete Bearer Command messages from MME to SGW and from SGW to PDN GW;

-
if periodic report trigger is set, at periodic timer expiry, via an additional signalling exchange with the PDN GW, e.g. using Change Notification Request.

6.2.1.2.6
UE or MME requested PDN Disconnection
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Figure 6.2.1.2.6-1: UE or MME requested PDN disconnection

The UE or MME requested PDN disconnection procedure is the same as specified in TS 23.401 clause 5.310.3 with the following modifications:

2.
If the MME is aware that counters are in use in the eNB, or if the MME has stored counters, the MME indicates in the Delete Session Request that counters need to be fetched at the eNB.

3.
The SGW forwards this indication in the Delete Session Request sent to the PDN GW.

4.
If the PDN GW decides that the counters need to be fetched at the eNB, the PDN GW indicates it in the Delete Session Response. 

6.
If the PDN GW has sent the indication for fetching the counters in the eNB, the SGW does not delete its UE context. 

7.
The indication to fetch counters is provided to the eNB.

9b.
The values of the downlink traffic counters and their corresponding counter-ids are included in the S1 Deactivate Bearer Response message to the MME.

11.
The values of the counters and their corresponding counter-ids are included in the Delete Session Confirm message to the SGW. In home-routed scenarios, the SGW uses the values of the SGW-established counters and their corresponding counter-ids to increment the counters relative to inter-operator accounting.

12.
The values of the PGW-established counters and their corresponding counter-ids are included in the Delete Session Confirm message to the PDN GW. The PDN GW increments the corresponding counters by the values provided by the source eNB. The PDN GW has now all the charging information for OFCS/OCS.

END OF CHANGES
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