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1. Introduction

In incoming LS C1-14????/R2-141005 [1], RAN2 requested CT1 "to investigate the necessary changes (if any) as part of Release 12 CT1 specification in order to realize the ACB skip mechanism for MMTEL (voice, video) and SMS, and to inform RAN2 about CT1’s preferred solution". In this paper we consider some of the solutions already discussed in RAN2 and see if those can be progressed in CT1. This paper also considers how else to move forward to realise the associated SA1 requirements on this topic of skipping ACB for certain services.
2. Discussion

The SA1 requirements that RAN2 ask CT1 to investigate the necessary changes for were brought in with the SA1 CRs in [2] and [3], spelling out the Stage 1 requirements as:-
“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.”
In summary, Stage 1 requires that when a network has ACB on, there shall still be means to skip ACB for certain services, which for now are MMTEL voice, MMTEL video and SMS.

To fulfil these Stage 1 requirements, as RAN2 realised and stated in their LS, [1], there will need to be "interworking between RRC, NAS and IMS layer" as follows: 
1. Coordination between upper layer and RRC in order for RRC to determine when to skip the ACB functionality.
2. Coordination between NAS and RRC to ensure that, when ACB is applicable and ACB skip is configured, NAS is able to generate a Service Request for MMTEL or SMS even though NAS has previously been informed that access barring is applicable e.g., for other data packet call. 

Some discussion of the second bullet above is useful to help understand the possible solutions to be described later. The Service Request procedure abnormal cases in the UE (24.301 sub-clause 5.6.1.6) includes the following requirement:

“Otherwise, if access is barred for "originating calls" (see 3GPP TS 36.331 [22]), the service request procedure shall not be started. The UE stays in the current serving cell and applies normal cell reselection process. The service request procedure may be started if it is still necessary, i.e. when access for "originating calls" is granted or because of a cell change.”
This requirement means that when the RRC notifies NAS that an access is barred for "originating call" the NAS shall not trigger a new Service Request until the RRC notifies the NAS that access for "originating calls" is granted again. Within the RRC layer, the notification to NAS that access is granted again is guarded by timer T303 or when RRC reselects to another cell. Whatever approach is chosen for ACB skip functionality must work even when the NAS layer is in this state explained above where NAS layer is not able to start the Service Request. As an example, consider that a non-IMS application has user plane data to send and consequently the BC/RABM (Bearer Control/RAB Manager) requests NAS to trigger a 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 current existing NAS requirements, the NAS will not initiate another Service Request procedure until it is notified that the barring situation is alleviated, i.e when T303 expires or there is cell reselection. Therefore any IMS service initiated while T303 is running will fail, as NAS currently will not trigger the Service Request even if the ACB skip condition is configured for that service.
Also useful to note, is that in solutions below (taken from [4] and [5]), a START/STOP indication is coupled with the IMS service indicator. It will be clear that the service indicator start is provided to RRC prior to originating a voice/video call or sending an SMS. However, there are different options for when the service indicator stop could be sent to RRC. It is possible that the NAS Service Request procedure (and corresponding RRC Connection Establishment procedure) could fail before it successfully establishes the user plane. It is important that ACB skip is correctly applied for each of the RRC Connection Establishment attempts. This suggests that the stop indication should only be sent after the IMS call has been successfully established. Furthermore, it is possible that a Radio Link Failure occurs during the IMS call. This failure may trigger NAS to perform a TAU procedure in an attempt to recover the NAS signalling connection and the user plane bearers. It is important that ACB is correctly applied also for this TAU procedure. Hence it is preferable that the service indicator stop is sent only after the IMS call is finished/released.
2.1
Possible solutions to handle ACB skip functionality for IMS services
2.1.1
Alternative 1- IMS service indication direct to RRC
This solution is described as Alternative A in [4] and further enhanced below.
This solution in concept is:-

· IMS service (start and stop) is indicated directly from IMS to RRC.
· ACB skip condition checking is done in RRC and, if this condition is true, RRC resets Tbarring (T303), informing NAS that the access is granted (using legacy procedure).
· ACB skip is performed in RRC when NAS requests establishment of an RRC Connection.
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Figure 1
In msg steps:-
· (Step 1) – RRC detects ACB skip function enabled for certain services (based on broadcast system information).
· (Step 2) - The IMS layer notifies the RRC directly when one of the 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). 
· (Step 3) - If the ACB skip mechanism is configured for that service indicator, the RRC will stop the timer T303 (if it is running) and notify the congestion alleviation to NAS (as it does in Rel-11). 
· (Step 4 and 5) - When the NAS receives the request to establish the user plane, it will be ready to request the establishment of the RRC connection to the RRC. (The request to establish the user plane is triggered by the user plane data generated by the IMS application but NAS has no knowledge that it is related to IMS)
· (Step 6) - When the RRC receives the request, the ACB is skipped via new added “ACB skip” functionality.
· (Step 7) - IMS layer notifies RRC of completion of service. RRC can resume ACB checks.
2.1.2
Alternative 2 - IMS service indication going through NAS
This solution is described as Alternative B in [4] and further enhanced below.
This concept of this solution is:-

· IMS service (start and stop) is indicated to the NAS
· IMS service type is forwarded by NAS to the RRC with each request to establish an RRC Connection.
· ACB skip condition checking is done in RRC.
· With the congestion notification, RRC also indicates which services can ignore this barred access indication (based on ACB skip parameters).
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Figure 2.
In msg steps:-
· (Step 1 and 2) - RRC detects ACB skip function enabled for certain services and indicates that to NAS with every notification of congestion.
Note: 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.
· (Step 3 and 3') - The IMS layer notifies the NAS when one of the specific IMS services wants to initiate a connection by conveying a new IMS service indicator to the NAS (i.e., IMS voice, IMS video or IMS SMS). 
Note: Step 3' is direct between IMS app and NAS, likely to be an AT CMD. Step 3 is coming to NAS through the BC/RABM.
· (Step 4 and 5) - The NAS then requests the RRC for an RRC connection providing also the IMS service indicator to the RRC.
· (Step 6) - The RRC will then perform the ACB skip condition checking.
· (Step 7) - IMS layer notifies NAS when the IMS call is finished/released.
Note: As the NAS is responsible for initiating the request to the RRC to establish an RRC connection for IMS services, there is no need to propagate the IMS service indication stop to RRC in this alternative.
2.1.3
Alternative 3 - IMS service application interacting with RRC
This solution is described in [5], and further illustrated below.

The concept of this solution is:-

· When one of the specific IMS service starts, IMS along with requesting SSAC information from RRC will also request skip ACB information.
IMS checks the received ACB information and indicates to RRC to enable/disable the ACB skip condition checking functionality in the RRC
Note: Currently SMS over IMS is not part of SSAC. So to use this solution for SMS over IMS, new interaction between IMS and RRC will be added.
· ACB skip checking is done in IMS (with the received information) to determine whether ACB should be performed for this IMS service that is starting. IMS then informs RRC if ACB should be performed or not.
· If ACB skip parameters change, RRC will have to convey the updated parameters to the IMS layer as IMS needs to update RRC on whether to perform ACB or not..

[image: image3.emf]IMS Layer 

[for MMTEL 

voice, video and SMS]

NAS Layer

RRC Layer

(7) Enable ACB skip (*)

(9) Triggers 

Service Request 

via user plane

(4) SSAC parameters 

including ACB skip 

indications per 

service

(8) Notify congestion 

alleviation 

(*)  RRC resets T303 upon triggering ACB skip mechanism. RRC notifies the 

NAS of congestion alleviation when T303 expires or is stopped (as per current 

specification).

Alternative 3: ACB skip indication direct to RRC 

(1) Receive ACB Skip

(10) NAS request to 

establish RRC Conn. 

(3) SSAC 

parameter 

request

(5) Check ACB skip

(6) Enable ACB skip

(12) Disable ACB skip

(13) Disable ACB skip

(2) Service  

starts

(11) Service  

ends


Figure 3.
In msg steps:-
· (Step 1) – RRC detects certain services can skip ACB.
· (Step 2, 3 and 4) - IMS layer triggers a multimedia telephony communication session. The IMS layer asks SSAC parameters from the RRC layer. When the RRC replies with the SSAC parameters, it also indicates to the IMS layer the ACB skip information broadcasted by the network. By this way RRC asks IMS layer to indicate that IMS calls are authorized to bypass ABC. Note: This interaction needs also to be extended to cover SMS over IP (SMS over IMS) as current interactions for SSAC parameters  is only for MMTEL voice/video.
· (Step 5, 6 and 7) The IMS layer, after receiving the ACB skip parameters for the specific IMS services (MMTEL voice, MMTEL video and SMS), needs to check/apply SSAC mechanism and afterwards, the ACB skip condition. If IMS decides that ACB can be skipped for the specific service, the IMS layer indicates to the RRC layer that bypassing ACB is allowed for the next accesses. When RRC layer receives this indication, it is aware that it will have to bypass ACB checks until IMS layer indicates otherwise when the call is finished/released
Note: This step applies equally for SMS over IP (SMS over IMS) service.
· Step 8 - When RRC layer receives the indication that it will have to bypass ACB checks (in step 6), the RRC will stop the timer T303 (if it is running) and notify the congestion alleviation to NAS as it does today. 
· (Step 9 and 10) - When NAS request the establishment of RRC connection, as IMS has indicated ACB can be skipped, the RRC will not perform the ACB checking. This will be the case until RRC receives from the IMS layer indication that ACB checking can continue (step 12).
· (Step 11, 12 and 13) - When the IMS service is finished/released, IMS layer indicates to the RRC layer that ACB skip functionality is disabled. When RRC layer receives this indication, it is aware that ACB condition checking can continue.
2.2
Possible solutions to handle ACB skip functionality for SMS over SGs or SMS over S102

2.2.1
Alternative 4 - SMS layer interacting with RRC

This solution is described as Alternative C in [4] and further developed/analysed below. This solution does not cater for SMS over IP (SMS over IMS)
With this alternative because the NAS knows if it is the request for a RRC connection is for SMS and this alternative proposes to make that know to the RRC with an indication of SMS service Type. It is however noted this alternative does not propose to have a START/STOP indication of service. The reason for this is that SMS, unlike IMS service, involves a few quick Layer 3 exchanges of SMS protocol signalling and data, and then ends. Therefore, there is no prolonged holding of resources like when a voice or video call takes place. Moreover, at SMS layer, SMS has guard timers ensuring proper retries yet not bombarding the NAS with requests when ACB is ON.
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Figure 4.
2.2.2
Alternative 5 - NAS interacting with RRC

This solution is described as Alternative D in [4] but further developed/analysed. This solution does not cater for SMS over IP (SMS over IMS).
In this alternative the NAS requests RRC for a RRC connection and RRC determines through its ACB check that access is barred, RRC respond to NAS indicating congestion (as it does in Rel-11) but RRC also provides indication of the service that can skip ACB and therefore can ignore the congestion notification - in this case SMS. Then NAS, knowing skip ACB is allowed for SMS, will retry request for RRC connection giving an indication of service.
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Figure 5.
2.3
Analysis and comparisons of possible solutions
	COMPARISON – ACB skip solutions for IMS and SMS

	
	Alt.  1
	Alt. 2
	Alt.3
	Alt 4
	Alt 5

	ACB skip parameters
	RRC
	RRC ( NAS

	RRC ( IMS
	RRC
	RRC ( NAS

	IMS (SMS) service 
	IMS ( RRC
	IMS ( NAS ( RRC
	IMS
	NAS is already aware of SMS over SGs/S102
	NAS is already aware of SMS over SGs/S102

	Service awareness
	IMS & RRC
	IMS, NAS & RRC
	IMS
	NAS & RRC
	NAS & RRC

	Enable/Disable ACB skip (flag)
	IMS ( RRC
	IMS ( NAS ( RRC
	IMS ( RRC
	NAS -> RRC
	NAS -> RRC

	ACB check and skip
	RRC
	RRC
	IMS & RRC
	RRC
	RRC

	Congestion handling in NAS
	Reset T303 upon ACB skip & notify NAS (legacy)
	NAS skips condition based on service
	Reset T303 upon ACB skip & notify NAS (legacy)
	Reset T303 upon ACB skip & notify NAS (legacy)
	NAS skips condition based on service


	IMPACTS – ACB skip solutions for IMS and SMS

	
	Alt.  1
	Alt. 2
	Alt.3
	Alt 4
	Alt 5

	Impact in NAS
	No
	Yes
	No
	Yes
	Yes

	Impact in IMS
	Small
	Small
	Large
	N/A
	N/A

	ACB functionality split
	No
	No
	Yes (RRC & IMS)
	No
	No

	NAS is service agnostic
	Yes
	No
	Yes
	No (NAS is already aware of SMS over SGs/S102)
	No (NAS is already aware of SMS over SGs/S102)

	RRC is service agnostic
	No
	No
	Yes
	No
	No

	Potential sync issue
	Yes - May have sync issue and MO data may pass thru
	Yes - May have sync issue and MO data may pass thru (because there is no differentiation between SIP Invite and a data packet in UP)
	Yes - May have sync issue and MO data may pass thru
	No
	No

	Impact of failure of IMS establishment
	Yes - If there is a failure of the IMS request, UE implementation can apply ACB to future requests so that MO data does not pass thru
	No
	Yes - If there is a failure of the IMS request, the ACB skip is still enabled until IMS indication to RRC and MO data pass thru
	N/A
	N/A


The advantages and disadvantages of each alternative are summarized in the table below:
	Pros & Cons – ACB skip solutions for IMS and SMS

	
	Alt 1
	Alt 2
	Alt 3
	Alt 4
	Alt 5

	Advantages
	· NAS not impacted. NAS is service agnostic.
· IMS has limited impacts
	· IMS has limited impacts
	· NAS not impacted. NAS is service agnostic
	· Simpler than Alt 5
	· NAS will send req only if NAS knows ACB skip is configured (except for 1st attempt).


	Disadvantages
	· Service indications from NAS to RRC

	· NAS impacted. NAS is NOT service agnostic.
· Service ind goes from IMS to NAS

· Service indications from NAS to RRC

	· IMS is greatly impacted.
· ACB checking is done in IMS
(and RRC still has to apply ACB skip functionality).
· Mixing SSAC and ACB. SSAC is service level control, while ACB is access level control.
· ACB checking is done at two places (RRC and IMS).

· Extra signalling and complexity.

· Updates of ACB parameters need to be informed to IMS.
	· Service indications from NAS to RRC
· Congestion notification are always ignored in NAS for SMS over SGs or S102, even when ACB skip is not configured

· More inter-layer signalling (when NAS request for RRC conn met with congestion or ACB skip is not ON).

	· Service indications from NAS to RRC

· RRC indication to NAS about ACB skip for SMS

· More inter-layer signalling (to inform on ACB information and updates)


2.4
Discussion on WI for the required work
Whilst it is noted that the SA1 requirements brought in by [2] and [3] were under TEI12, the work done in RAN2 that takes in these SA1 requirements was under the study item on Smart Congestion Mitigation. 

So for CT1's work to fulfil these SA1 requirements should CT1 do the work under TEI12 or under a new WI?

Considering that RAN#63 has approved the WID in [6] to do the work required in RAN2 under a new Rel-12 WI, it would be beneficial - at least in managing and collating of CRs amongst different WGs for these requirements - that CT1 too uses a new WI for our CT1 work and CRs.
3. Decision & next steps
Having done our analysis and investigations, Intel prefers Alternative 1 (for IMS services) and Alternative 4 (for SMS over SGs or SMS over S102) to meet the SA1 requirements in [2] and [3].

Alternative 1 has less impact to NAS and IMS than Alternatives 2 & 3. Moreover, Alternative 1 maintains the ACB related functionality in the RRC layer and requires much less signalling between the RRC and NAS layers. 
For SMS over SGs/S102, Alternatives 4 and 5 are very similar as NAS is already aware that the connection is being established for this type of service. Alternative 4 proposes a simpler solution than Alternative 5 with regards to the potential congestion notification from RRC to NAS. The minor drawback of Alternative 4 is that it will generate internal requests between NAS and RRC even when ACB skip is not enabled for this service (in which case the internal request will be rejected by RRC). However, this is no worse than what it is today when SMS app attempts to send a SMS and ACB is ON.
If Alternatives 1 & 4 are the acceptable way forward for CT1, Intel volunteers to bring the needed CRs to next CT1 meeting.

In the meantime, we propose that CT1 answers RAN2's LS (in [1]) to indicate CT1 preferred approach. This would allow RAN2 to already start considering the impacts needed in their specifications.
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