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Abstract of the contribution: This paper proposes a solution for the charging aspect related to the use of the Coverage Enhancement functionality. 
1. 
Introduction

In SA2#116 the Key Issue 1 - Authorization of use of Coverage Enhancement for the FS_CIoT_Ext study item has been agreed. And the following architecture requirement about charging shall be supported:
-
The system should support applying differentiated charging for users authorized to use Coverage Enhancements compared to users not authorized to use Coverage Enhancements.

This paper proposes a solution for the charging for use of the Coverage Enhancement functionality.
2. 
Proposal

It is proposed to capture the following text in the TR.

>>>Beginning of Changes<<<
6.x
Solution x: CE information for charging reported via signalling
6.x.1
Description

6.x.1.1
General

This solution addresses the Key Issue 1 – "Authorization of use of Coverage Enhancement ", specifically for the charging for use of Coverage Enhancement functionality. 

The solution principle is:

-
The MME obtains the CE information of the UE based on the CE authorization result. The CE information includes:

-
A CE indication to shows whether the UE is authorized to use the CE functionality or not;



-
The MME sends the UE CE information to the SGW/PGW via GTP-C signalling (for Non-IP data delivery using SCEF, the MME sends the UE CE information to the SCEF via Diameter signalling);
-  When UL/DL data is received, the SGW/PGW include the CE information in the Charging Data Record (CDR) of the UE (for Non-IP data delivery using SCEF, the MME/SCEF include the CE information in the CDR of the UE).
6.x.1.2
Procedure - Mobile Originated data transport in CP optimization
Figure 6.x.1.2-1 below describes the procedure of reporting the CE information for charging via signalling during Mobile Originated data transport in CP optimization.




Figure 6.x.1.2-1: CE information for charging reported via signalling (CP optimization, MO)

1. The UE establishes a RRC connection and sends as part of an integrity protected NAS PDU. 

2.
The NAS PDU sent in step 1 is relayed to the MME by the eNodeB using a S1-AP Initial UE message. 
3.
The MME checks the integrity of the incoming NAS PDU and decrypts the data it contains. The MME obtains the CE information of the UE based on the CE authorization result, and includes it in the Modify Bearer Request message sent to the SGW.
4. 
The SGW stores the CE information for CDR, and sends the Modify Bearer Request message including the CE information to the PGW.

5. 
The PGW stores the CE information for CDR, and sends the Modify Bearer Response to the Serving GW.

6. 
The SGW sends the Modify Bearer Response to the MME.
7-8. The MME sends Uplink data to the P-GW via the S-GW.

9. 
The SGW/PGW includes the CE information in its CDR for the Uplink data of the UE.

10-12. Downlink data may arrive at the P-GW and the P-GW sends them to the MME via the S-GW.
13. The SGW/PGW includes the CE information in its CDR for the Downlink data of the UE.
14. The Downlink data are encapsulated in a NAS PDU and sent to the UE via the eNodeB.

6.x.1.3
Procedure - Mobile Terminated data transport in CP optimization
Figure 6.x.1.4-1 below describes the procedure of reporting the CE information for charging via signalling during Mobile Terminated data transport in CP optimization.
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Figure 6.x.1.3-1: CE information for charging reported via signalling (CP optimization, MT)

1.
When the S-GW receives a downlink data for a UE, if the S- GW context data indicates no downlink user plane TEID towards the MME, it buffers the downlink data packet and identifies which MME is serving that UE.

2.
If the Serving GW is buffering data in step 1, the Serving GW sends a Downlink Data Notification message to the MME. The MME responds to the S‑GW with a Downlink Data Notification Ack message.

3.
The MME pages the UE via eNodeB.

4.
The UE sends a UE triggered Service Request NAS message over RRC Connection request to the eNodeB.

5.
The Service Request NAS message is relayed to the MME by the eNodeB using a S1-AP Initial UE message. 
6. 
The MME obtains the CE information of the UE based on the CE authorization result, and includes it in the Modify Bearer Request message sent to the SGW.
7-17. The data transfer is as in the regular Mobile Terminated data transport in CP optimization. In step 11 and 17, the SGW/PGW include the CE information in its CDR for the Downlink and Uplink data of the UE.
6.x.1.4
Procedure - Data transport in UP optimization
Figure 6.x.1.4-1 below describes the procedure of reporting the CE information for charging via signalling during data transport in UP optimization.
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Figure 6.x.1.4-1: CE information for charging reported via signalling (UP optimization)

1.
The UE triggers the Random Access procedure to the eNodeB.

2.
The UE triggers the RRC Connection Resume procedure including information needed by the eNodeB to access the UE's stored AS context.

3.
The eNodeB notifies the MME that the UE's RRC connection is resumed in the S1-AP UE Context Resume Request message.
4.
The MME acknowledges the connection resumption in S1-AP UE Context Resume Response message.

5.
If the MME included in step 4 a list of rejected EPS bearers, the eNodeB reconfigures the radio bearers.

6.
The MME obtains the CE information of the UE based on the CE authorization result, and includes it in the Modify Bearer Request message sent to the SGW.
7.
The SGW stores the CE information for CDR, and sends it in the Modify Bearer Request message to the PGW.

8.
The PGW stores the CE information for CDR, and sends the Modify Bearer Response to the Serving GW.

9.
The SGW sends the Modify Bearer Response to the MME.
10.
The UE sends the Uplink data to the P-GW via the eNodeB and the S-GW.

11.
The SGW/PGW includes the CE information in its CDR for the Uplink data of the UE.
12.
Downlink data may arrive at the P-GW and the P-GW sends them to the UE via the S-GW and the eNodeB.
13.
The SGW/PGW includes the CE information in its CDR for the Downlink data of the UE.
6.x.1.5
Procedure - Non-IP data delivery using SCEF
Figure 6.x.1.5-1 below describes the procedure of reporting the CE information for charging via signalling during Non-IP data delivery using SCEF.
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Figure 6.x.1.5-1: CE information for charging reported via signalling (Non-IP data delivery using SCEF)

1.
The UE initiates the E-UTRAN Initial Attach procedure or the UE requested PDN Connectivity procedure, and sends RRC message to eNB with NAS Attach Request message or NAS PDN Connectivity Request message.

2.
The NAS message is relayed to the MME by the eNodeB using a S1-AP Initial UE message. The eNodeB may also indicate the CE information of the UE in the S1-AP Initial UE message.
3.
The MME obtains the CE information of the UE based on CE authorization result, and sends a Create SCEF Connection Request message with the CE information to the SCEF. If the IWK-SCEF receives the Create SCEF Connection Request message from the MME, it shall forward it toward the SCEF.
4.
The SCEF sends a Create SCEF Connection Response message to the MME confirming establishment of the PDN connection to the SCEF for the UE. If the IWK-SCEF receives the Create SCEF Connection Response message from the SCEF, it shall forward it toward the MME.

5.
After the NIDD configuration procedure, the Uplink Non-IP data is sent from UE to MME, and MME sends it to the SCEF.

6.
The MME/SCEF includes the CE information in its CDR for the Uplink Non-IP data of the UE.
7.
The Downlink Non-IP data is sent from SCEF to MME, and MME sends it to the UE.

8.
The MME/SCEF includes the CE information in its CDR for the Downlink Non-IP data of the UE.
6.x.2
Impacts on existing nodes and functionality

The solution impacts the following nodes:



MME

-  obtains the CE information of the UE based on the CE authorization result;

-
sends the UE CE information to the SGW via GTP-C message (e.g. Modify Bearer Request message);

-  sends the UE CE information to the SCEF via Diameter signalling for Non-IP data delivery using SCEF;

-  includes the UE CE information in the CDR for Non-IP data delivery using SCEF;
SGW

-
receives the UE CE information from MME and sends it to the PGW;

-
includes the UE CE information in the CDR;

PGW

-
receives the UE CE information from the SGW and includes it in the CDR.

SCEF

-  receives the UE CE information from the MME and includes it in the CDR for Non-IP data delivery.
6.x.3
Solution Evaluation

This solution addresses the charging requirements of key issue 1 (Authorization of use of Coverage Enhancement), in particular it allows the system to apply differentiated charging for users authorized to use Coverage Enhancements compared to users not authorized to use Coverage Enhancements.
>>>End of Changes<<<
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