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1. Introduction

During 3GPP CT3 #78 meeting, use cases and TS gap analysis on network location and RAN/NAS release cause reporting for VOLTE were discussed by C3-143159 [1]. With regards to the potential coupling feature for both (UE) network location reporting and RAN/NAS release cause reporting, it was suggested to update the existing network location reporting procedure to fulfil the requirement of RAN/NAS release cause reporting. This paper is intended to follow this principle and propose the feasible solution to this issue.
2. Discussion
The fulfillment status (in TS 29.214) of use cases cited in C3-143159 [1] is summarized in Table 1:
Table 1: Fulfillment of use cases of UE Location & RAN/NAS cause reporting
	Session/bearer related procedure
	UE Location reporting
	RAN/NAS cause reporting

	Session establishement (including bearer establishment)- success case
	Fulfilment in TS 29.214: Yes.

Solution: the AF sends AAR command by setting Specific-Action AVP with ACCESS_NETWORK_INFO_REPORT and Required-Access-Info AVP with USER_LOCATION and/or MS_TIME_ZONE in AAR command.
	Fulfilment in TS 29.214: No.



	Session modification (including bearer establishment/modification/termination)- success case
	Fulfilment in TS 29.214: Yes.

Solution: the AF sends AAR command by setting Specific-Action AVP with ACCESS_NETWORK_INFO_REPORT and Required-Access-Info AVP with USER_LOCATION and/or MS_TIME_ZONE.
	Fulfilment in TS 29.214: Basically no.

One exception case: one or more bearers are terminated during session modification.

	Session termination (including bearer termination) – success case
	Fulfilment in TS 29.214: Yes.

Solution: the AF sends STR command by setting Required-Access-Info AVP with USER_LOCATION and/or MS_TIME_ZONE.
	Fulfilment in TS 29.214: Yes.

No necessity for the AF to set Required-Access-Info AVP (RAN/NAS cause info is by default sent from the PCRF together with UE location info in access network info).

	Session establishement (including bearer establishment)- failure case, such as dropped call
	Fulfilment in TS 29.214: Yes.

Solution: the AF sends AAR command by setting Specific-Action AVP with ACCESS_NETWORK_INFO_REPORT and Required-Access-Info AVP with USER_LOCATION and/or MS_TIME_ZONE.
	Fulfilment in TS 29.214: No.



	Session modification (including bearer establishment/modification/termination)-failure case, such as dropped call.
	Fulfilment in TS 29.214: Yes.

Solution: the AF sends AAR command by setting Specific-Action AVP with ACCESS_NETWORK_INFO_REPORT and Required-Access-Info AVP with USER_LOCATION and/or MS_TIME_ZONE.
	Fulfilment in TS 29.214: No.




To implement the requirements of RAN/NAS release cause reporting, there are several potential solutions with regards to its coupling relationship with UE location info reporting:
Option 1: UE location and RAN/NAS cause reporting coupling solutions:
The procedure of RAN/NAS cause reporting has dependency on UE location reporting.
As long as the AF subscribes to access network information, and when the bearer or IP-CAN session is terminated, or resource allocation fails in session establishment or modification procedure, the PCRF reports both the UE location/last known time and RAN/NAS release cause to the AF.
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Option 2: UE location and RAN/NAS cause reporting decoupling solutions:
The procedure of RAN/NAS cause reporting has no dependency on UE location reporting.
Option 2a: The AF does not subscribe to any events. The PCRF reports RAN/NAS release cause to the AF automatically when the bearer or IP-CAN session is terminated, or resource allocation fails in session establishment or modification procedure.
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Option 2b: The AF subscribes to a new event of RAN/NAS release cause (e.g. by adding a new value of RAN_NAS_RELEASE_CAUSE in the Required-Access-Infor AVP), the PCRF reports RAN/NAS release cause value to the AF when the bearer or IP-CAN session is terminated, or resource allocation fails in session establishment or modification procedure. 
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Option 2c: The AF subscribes to the existing events INDICATION_OF_RELEASE_OF_BEARER and/or INDICATION_OF_FAILED_RESOURCES_ALLOCATION, the PCRF reports RAN/NAS release cause value to the AF when the bearer or IP-CAN session is terminated, or resource allocation fails in session establishment or modification procedure. 
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3. Evaluation
Unlike UE location reporting which is mainly trigged by AF subscription, use case of RAN/NAS release cause reporting has some specific features:
1) Triggered by the occurrence of an event in the network, and be reported in a later-on mode (not in real-time mode).

2) The RAN/NAS release cause info reporting has been implemented in the path from the MME to the PGW when the event is detected by the access network, based on the lastet CT4 implementation.
Therefore, the above potential solutions can be evaluated as the table below:

Table 2: Evaluation on RAN/NAS cause reporting solutions
	RAN/NAS cause reporting solution
	Pros
	Cons

	Option 1
	1. The solution is simple and directly controlled by the AF (AF subscription).
2. The AF can obtain plenty of info on RAN/NAS release cause for further root cause analysis. 
	The collected RAN/NAS release cause info is tightly coupled with UE location info, which may result in extraction of reported info when used for some specific analysis.

	Option 2a
	1. Simplest implementation over Rx (no AF subscription). 
2. The AF can obtain plenty of info on RAN/NAS release cause for further root cause analysis.
	The AF has no control on whether to report RAN/NAS release cause info based on operator’s policy.

	Option 2b
	1. The function is simply and directly controlled by the AF (AF subscription).
2. The RAN/NAS realese cause info is colleted per operator’s request.
	The AF may initiate a new subscription for each time it want to obtain the RAN/NAS release cause (one time reporting), which will increase the signaling over Rx.

	Option 2c
	1. A natural solution to bind RAN/NAS release cause reporting with the subscription to the existing events of INDICATION_OF_RELEASE_OF_BEARER and/or INDICATION_OF_FAILED_RESOURCES_ALLOCATION.
2. The AF can well control the reporting behaviour.
3. The AF can obtain plenty of info on RAN/NAS release cause for further root cause analysis.
	None.


With regards to the fulfilment degree to the requirements in [1], we recommend Option 2c as the way forward to implement RAN/NAS release cause reporting over Rx. 
4. Proposal
It’s recommended the following solution as the way forward to implement RAN/NAS release cause reporting over Rx:

Option 2c: The AF subscribes to the existing events of INDICATION_OF_RELEASE_OF_BEARER and/or INDICATION_OF_FAILED_RESOURCES_ALLOCATION, the PCRF reports RAN/NAS release cause value to the AF when the bearer or IP-CAN session is terminated, or resource allocation fails in session establishment or modification procedure.
After the group conference call in Jyly 31, Option 2c is determined in principle as the way forward and enriched with more details as follows:

· On Gx, if the RAN-NAS-Cause supported feature is advertised and if the bearer is released (including unsuccessful bearer establishment or modification) or the IP-CAN session is terminated, the PCEF shall provide the RAN-NAS-Cause, ULI and Timezone to the PCRF.
· On Rx, if the RAN-NAS-Cause supported feature is advertised, the PCRF shall always provide the RAN-NAS-Cause and the ULI/Timezone to the AF.
· In the STA based on an IP-CAN session termination (i.e. this is the case of STR/STA triggered by ASR/ASA) or in the case of release of the last bearer associated with the Rx session. 
· In the RAR with an INDICATION_OF_RELEASE_OF_BEARER if the bearer is released and the AF had subscribed to the INDICATION_OF_RELEASE_OF_BEARER Specific-Action
· In the RAR with an INDICATION_OF_FAILED_RESOURCES_ALLOCATION if the bearer establishment/modification had failed and the AF had subscribed to the INDICATION_OF_FAILED_RESOURCES_ALLOCATION Specific-Action.
· The procedures for the cases of requesting access network information remain unchanged.
Reference 
[1] C3-143159, “Network location & RAN/NAS Cause Codes for VOLTE, 3GPP R12”.
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