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1      Introduction

In RAN2#84 meeting, RAN2 sent an LS [1] to SA1 asking them to consider defining a requirement to address the issue of prioritization of MMTEL voice services for Rel-12 and the interaction with other access control mechanism as well as providing feedback on RAN2 preferred solution of skipping ACB check for that service. SA1 responded on the LS [2] with the following RAN2 actions: 
“SA1 would like to inform RAN2 it has endorsed the solution proposed in the incoming LS from RAN2 and SA1 recommends RAN2 to finalize their work in Release 12.
SA1 recommends RAN2 to develop a solution for the agreed requirement for SMS in Release-12.”
SA1 also agreed on the corresponding CRs to be included in the specification (CRs [3], [4]):
“The serving network shall be able to indicate whether or not a UE shall apply Access Class Barring for MMTEL voice access attempts. This indication is valid for Access Classes 0-9 and 11-15.

The serving network shall be able to indicate whether or not a UE shall apply Access Class Barring for MMTEL video access attempts. This indication is valid for Access Classes 0-9 and 11-15.

The serving network shall be able to indicate whether or not a UE shall apply Access Class Barring for SMS access attempts in SMS over SGs, SMS over IMS (SMS over IP), and SMS over S102. This indication is valid for Access Classes 0-9 and 11-15.”
Even though the new SA1 requirements are beyond the scope of the current SCM study item, we believe it is important to discuss them in this RAN2 meeting to better progress due to the urgency raised by interested companies. This contribution discusses the specification impacts due to the new SA1 requirements to prioritize MMTEL voice, MMTEL video and SMS, and the possible alternatives that can be used in order to satisfy such requirements. 
2      Discussion

In order to satisfy the new requirements from SA1 ([3], [4]), the following high level modifications in specifications are identified:

1) The network needs to be able to indicate the ACB skip functionality for the specific services of interest individually: MMTEL voice, MMTEL video and SMS. The UE needs to be able to receive and process the new indication. This is covered in Section 2.1.
2) The UE needs to be able to properly perform the ACB skip procedure. This involves the IMS, NAS and RRC layers. This is covered in Section 2.2.
There are different alternatives that can be considered to support these changes and implement the ACB skip functionality. The following sections present a description of those options and analyse their impact on the different layers of the UE (i.e. RRC, NAS and IMS layers).
Network Indication

According to the new requirements ([3], [4]), the network shall be able to indicate whether or not the UE shall skip the Access Class Barring  for access attempts of specific services such as MMTEL voice, MMTEL video and SMS (this new functionality in the UE is also referred to as ACB skip functionality in this contribution). Such notification needs to be sent to the UE via the broadcast channel in order to reach all the UEs in idle mode. We believe that such notification should be introduced as part of System Information Type 2 (SIB2).
Proposal 1: It is proposed to add three separate and optional notifications in SIB2 to indicate whether or not access attempts for MMTel voice, MMTel video and SMS shall skip ACB functionality. 
ACB Skip Functionality in the UE 

New functionality needs to be included in the UE for the UE to skip the ACB mechanism whenever the network configures the UE to do so. If the ACB skip mechanism is enabled for a certain service (e.g. MMTEL voice), the RRC layer, upon recognizing a NAS request for an RRC Connection that is associated with MMTEL voice, will activate the ACB skip mechanism (i.e., RRC will skip the ACB check). 
The actual implementation details of the ACB skip functionality might vary depending on how the interaction with the higher layers (i.e., NAS and IMS) is defined. As the specification of the IMS and NAS functionality is under the CT1 responsibility, the final decision regarding the appropriate model needs to be done jointly with CT1. 

Observation 1: CT1 needs to be involved in the decision of choosing the model to specify the new SA1 requirements as there are impacts identified to IMS and NAS layers.

It is important to note a main difference between IMS services (including SMS over IMS) and SMS ("non-IMS", i.e. SME over SGs or SMS over S102). In IMS, the SIP Invite or SIP Message is sent via the user plane, which triggers the NAS to request the establishment of the RRC connection. Therefore, the IMS services are currently transparent to the NAS layer, i.e., the NAS is not aware for which type of service the connection is currently being established. For SMS (non-IMS), however, the NAS receives the SMS in the control plane, which means that the NAS is aware of the fact that the type of service is SMS. Therefore, the impact of ACB skip functionality will be different for IMS service and SMS and those services are also discussed in the following sub-sections.
Observation 2: For IMS services, NAS is not aware of the type of service when requesting RRC connection establishment. For SMS (non-IMS), however, NAS is aware of the specific service.
2.2.1 Impacts due to ACB Skip for IMS Services
This section explains and analyses the potential approaches that could be taken to define the ACB skip functionality for the affected IMS services. 
In high level, two main aspects need to be addressed for the handling of IMS services when ACB skip functionality is configured for an IMS service:

1) Service Indication to RRC: When the service is triggered in the IMS layer, the RRC needs to be aware of which service is being triggered in order to apply the ACB skip functionality (when configured). 
2) Congestion Alleviation Notification to NAS: There is a requirement in the NAS [5] that when the RRC connection establishment procedure is barred due to ACB, the RRC will notify the barring condition to the NAS and the NAS shall not initiate a new RRC connection establishment request procedure until the RRC notifies the NAS that the congestion situation is alleviated (this barring time is controlled in RRC by the timer T303 as “Tbarring” [6]).
2.2.1.1 Service Indication to RRC
When the service is triggered in the IMS layer, the RRC needs to be aware of which service is being triggered in order to apply the ACB skip functionality (when ACB skip is configured). The two options for RRC notification are as follows:

Alternative A. IMS service indication direct to RRC

Alternative B. IMS service indication through the NAS
These two options are shown in Figure 1 and their impacts due to the mechanism to convey the service indication is explained below. The aspect regarding the congestion alleviation is covered for the same alternatives (A and B) in section 2.2.1.2.
Alternative A: IMS service indication direct to RRC

In this alternative the IMS layer notifies the RRC directly when one of those specific IMS services want to initiate a connection by conveying the IMS service Indicator to the RRC (i.e., IMS voice, IMS video or IMS SMS). Note that this indication from IMS layer to RRC layer only informs the RRC layer that IMS is about to start one of the specific IMS services. This indication does not trigger the RRC connection establishment procedure. The RRC connection establishment procedure is triggered in the normal way via NAS and the RRC layer can then apply the ACB skip functionality (if ACB skip is configured for that service).  This notification from IMS to RRC can be sent e.g., via an AT command [7]. The details of such indication are under the responsibility of CT1. 
Alternative B: IMS service indication through the NAS
In this alternative the IMS layer notifies the NAS when one of those specific IMS services want to initiate a connection by conveying a new IMS service indicator to the NAS (i.e., IMS voice, IMS video or IMS SMS). This new notification is sent separately via, e.g., an AT command [7] to the NAS which will make the NAS not agnostic to the IMS applications. The NAS then forwards the information to the RRC upon requesting the establishment of the RRC connection. The RRC will then apply the ACB skip functionality (if ACB skip is configured for that service).  
2.2.1.2 NAS Congestion Alleviation Notification

As mentioned above, it is not sufficient for the RRC to be aware of the type of service and the ACB skip configuration for that service. The NAS requirements [5] indicate that when the RRC connection establishment procedure is barred due to ACB mechanism, the RRC notifies the barring condition to the NAS and the NAS shall not trigger a new request until the RRC notifies the NAS that the congestion situation is alleviated. Therefore, it is necessary to address this case in the NAS, as can be shown by way of an example: Consider that a non-IMS application generates user plane data that subsequently triggers a NAS Service Request procedure and an RRC Connection Establishment procedure. A congestion situation exists, the ACB check fails which causes the RRC to start T303 and inform NAS of the barring condition. Following the existing NAS requirements, the NAS will not initiate another Service Request procedure until it is notified that the barring situation is alleviated (which will happen when T303 expires in the RRC). Therefore any IMS service initiated while T303 is running will fail to trigger the NAS Service Request even if the ACB skip condition is configured for that service.
One option to resolve this issue is to remove the current NAS requirements to not initiate another service request all together for the services that are affected by ACB skip functionality (i.e., MMTel video, MMTel voice and SMS). These services will always trigger a NAS Service Request procedure and corresponding request to RRC to establish an RRC Connection. The RRC layer, with its knowledge of whether ACB skip is configured, can then determine whether the RRC Connection Establishment procedure can go ahead. However this might be detrimental if any of those services are actually barred since it can generate multiple consecutive requests from NAS to RRC, e.g. if the subscriber is repeating his request. 
Other options less drastic are explained below and also shown in Figure 1 (building upon alternative A and B discussed above). The main point is to notify the NAS that ACB skip is in effect, and only for the services for which ACB skip is in effect NAS is allowed to initiate a service request although ACB is ongoing. This notification could be done as follows: 
Alternative A: IMS service indication direct to RRC

In this alternative the IMS layer notifies the RRC when the IMS wants to trigger a service request procedure, and it sends a service indicator with the IMS service indicator to the RRC (as it was explained in section 2.2.1.1). If the ACB skip mechanism is configured for that service indicator, the RRC will stop the timer T303 and notify the congestion alleviation to NAS as it does today. When the NAS receives the IMS request, it will be ready to request the establishment of the RRC connection to the RRC. In this solution the NAS is not aware of the type of service.  Because this solution does not change the behaviour in the NAS, there are no impacts in the NAS specifications ([8]).   

Alternative B: IMS service indication through the NAS

In this alternative, when there is a failure of a service request procedure because RRC connection could not be established due to ACB, a failure indication due to congestion is sent from the RRC to the NAS (as currently done in Rel-11). If ACB skip is configured for IMS, the RRC also sends an indication to inform the NAS that it should ignore the barred condition for the specific IMS services. In this case the NAS becomes aware of the type of service and also of the ACB skip condition for the specific service. When the IMS layer notifies the NAS that it wants to establish a specific service, the IMS also sends a service indicator. Based on the service indicator, and the knowledge of the ACB skip condition for that service, the NAS knows that it can go ahead and request the establishment of the RRC connection, even if previous requests were barred. The NAS then sends the request to the RRC, together with the service indicator. Based on the service indicator the RRC knows to skip ACB. 
The Figure 1 depicts potential implementations already mentioned above for both alternatives, with the impacts and changes needed to implement in each alternative highlighted in red. 
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Figure 1. Impacts due to ACB Skip for IMS Services (changes needed are highlighted in red)

Observation 3: Both alternatives A and B require the IMS layer to send a service indicator to the lower layers. In Alternative A (“IMS service indication direct to RRC”) the request goes to the RRC layer. In Alternative B (“IMS service indication through the NAS”) the request goes to the NAS layer. 

Observation 4: Alternative A (“IMS service indication direct to RRC”) keeps NAS agnostic to IMS services and there are no impacts in the NAS specifications.

Observation 5: Alternative B (“IMS service indication through the NAS”) impacts the NAS specification as the NAS needs to be aware of the type of IMS service as well as applying the ACB skip condition for the specific IMS service when necessary. In addition, this alternative requires the NAS to forward the IMS service indication to the RRC when requesting the establishment of an RRC connection. 

2.2.2 Impacts due to ACB Skip for SMS over SGs or S102
This section explains and analyses the potential approaches that could be taken to define the ACB skip functionality for SMS over SGs and S102. Since the SMS is received directly in the NAS layer, they are identified by the NAS and the service indication can be sent from the NAS to the RRC without need of extra notification. 

Similarly to the discussion in section 2.2.1, it is not sufficient for the RRC to be aware of the ACB skip functionality. It is necessary to address the NAS congestion alleviation notification for the SMS case. 
2.2.2.1 NAS Congestion Alleviation Notification
As mentioned before, there is a requirement in the NAS [5] that when a service request procedure is barred due to ACB; currently the RRC notifies the barring condition to the NAS and the NAS shall not initiate a new request until the RRC notifies the NAS that the congestion situation is alleviated. In order to satisfy the new requirement for SMS services there are two options:
Alternative C. NAS always ignores barred condition for SMS

Alternative D. NAS ignores barred condition for SMS when ACB skip is configured for SMS
These two options are shown in Figure 2 and their impacts due to the congestion alleviation notification are explained below.
Alternative C: NAS always ignores barred condition for SMS

In this alternative the current ACB requirement in the NAS is changed so that it does not apply to SMS, i.e., the NAS will always ignore the barring condition for SMS services. However, if SMS services are actually barred, this approach may generate multiple consecutive requests from NAS to RRC, e.g. if the subscriber is repeating the request. 
Alternative D: NAS ignores barred condition for SMS when ACB skip is configured for SMS

In this alternative, when there is a failure of a service request procedure because RRC connection could not be established due to ACB, a failure indication due to congestion is sent from the RRC to the NAS (as currently done in Rel-11).  At that time the RRC also notifies the NAS when the ACB condition due to congestion does not apply to SMS, i.e., when ACB skip is configured for SMS. This new notification allows the NAS to ignore the congestion indication for SMS services when ACB skip is configured. Therefore, if NAS started the service request procedure due to an SMS, the NAS will request the RRC establishment procedure to the RRC, ignoring the previous barred condition.
The figure below (Figure 2) depicts potential implementations for both alternatives, with the impacts and changes needed to implement each alternative highlighted in red. 
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Figure 2. Impacts due to ACB Skip for SMS over SGs or S102 (changes needed are highlighted in red)
Observation 6: Both alternatives C and D require changes in the NAS layer to ignore barring conditions for SMS. 

Observation 7: Alternative C (“NAS always ignores barred condition for SMS”) does not require additional interaction between the NAS and RRC. Alternative D (“NAS ignores barred condition for SMS when ACB skip is configured for SMS”) requires that, during any RRC connection establishment failure due to congestion, the RRC indicates to the NAS if the ACB skip functionality is configured for SMS.
Due to the large impact that the solutions have in the NAS and IMS layers, it is important that RAN2 get some input from CT1. In order to trigger the discussion in CT1, RAN2 can send an LS to CT1 indicating the options currently under discussion.
Proposal 2: It is proposed that RAN2 discusses the alternatives presented in this paper and sends an LS to CT1 to initiate the discussion in CT1.

3      Conclusions and Proposals
This contribution discusses the specification impacts due to the new SA1 requirements to prioritize MMTEL voice, MMTEL video and SMS, and the possible alternatives that can be used in order to satisfy such requirements.
Observation 1: CT1 needs to be involved in the decision of choosing the model to specify the new SA1 requirements as there are impacts identified to IMS and NAS layers.
Observation 2: For IMS services, NAS is not aware of the type of service when requesting RRC connection establishment. For SMS (non-IMS), however, NAS is aware of the specific service.
Observation 3: Both alternatives A and B require the IMS layer to send a service indicator to the lower layers. In Alternative A (“IMS service indication direct to RRC”) the request goes to the RRC layer. In Alternative B (“IMS service indication through the NAS”) the request goes to the NAS layer. 

Observation 4: Alternative A (“IMS service indication direct to RRC”) keeps NAS agnostic to IMS services and there are no impacts in the NAS specifications.

Observation 5: Alternative B (“IMS service indication through the NAS”) impacts the NAS specification as the NAS needs to be aware of the type of IMS service as well as applying the ACB skip condition for the specific IMS service when necessary. In addition, this alternative requires the NAS to forward the IMS service indication to the RRC when requesting the establishment of an RRC connection. 
Observation 6: Both alternatives C and D require changes in the NAS layer to ignore barring conditions for SMS. 

Observation 7: Alternative C (“NAS always ignores barred condition for SMS”) does not require additional interaction between the NAS and RRC. Alternative D (“NAS ignores barred condition for SMS when ACB skip is configured for SMS”) requires that, during any RRC connection establishment failure due to congestion, the RRC indicates to the NAS if the ACB skip functionality is configured for SMS.
Proposal 1: It is proposed to add three separate and optional notifications in SIB2 to indicate whether or not access attempts for MMTel voice, MMTel video and SMS shall skip ACB functionality.
Proposal 2: It is proposed that RAN2 discusses the alternatives presented in this paper and sends an LS to CT1 to initiate the discussion in CT1.
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