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1. Introduction

Both RAN2 and CT1 have worked on the SCM_LTE feature under Rel-12 timeframe. About the SCM_LTE, related SA1 requirements are specified as below in TS 22.011 subclause 4.3.1:

"-
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.

-
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 22011indication is valid for Access Classes 0-9 and 11-15."

Based on above SA1 requirement, under the SCM_LTE WID in RAN2 and SCM_LTE-CT WID [1] in CT1, the prioritised handling for ACB skip is only for MO MMTEL voice, MO MMTEL video and MO SMS (including MO SMSoIP and MO SMS over NAS). 

RAN2 has specified the ACB skip mechanism under SCM_LTE in TS 36.331 as below:

"1>
else if the UE is establishing the RRC connection for mobile originating MMTEL voice, mobile originating MMTEL video, mobile originating SMSoIP or mobile originating SMS:

2>
if the UE is establishing the RRC connection for mobile originating MMTEL voice and SystemInformationBlockType2 includes ac-BarringSkipForMMTELVoice; or

2>
if the UE is establishing the RRC connection for mobile originating MMTEL video and SystemInformationBlockType2 includes ac-BarringSkipForMMTELVideo; or

2>
if the UE is establishing the RRC connection for mobile originating SMSoIP or SMS and SystemInformationBlockType2 includes ac-BarringSkipForSMS:

3>
consider access to the cell as not barred;"

To enable the above ACB skip mechanism defined in RAN2, CT1 has specified the ACB skip mechanism under SCM_LTE-CT by defining four (4) new call types as specified in Table D.1.1 in TS 24.301: "originating MMTEL voice", "originating MMTEL video", "originating SMSoIP" and "originating SMS".

Based on above situation, this paper attempts to show a problem observed in a 4G field and further to anaylzye the same problem in 5GS. Finally to provide a way forward in CT1.

2. Problems
2.1 Problems in 4G
As specified in TS 24.229 subclause L.3.1.2 for availability for calls and subclause L.3.1.2A for availability for SMS over IMS, the UE shall perform an initial IMS registration using an EPS bearer context for SIP signalling. To make the EPS bearer context for SIP signalling is available, the UE shall proceed differently per different cases:
(1) If the UE does not attached for EPS services yet, perform a EPS attach procedure and during this EPS attach procedure, to establish such EPS bearer context for SIP signalling;

(2) If the UE has attached for EPS services:

a. if a default EPS bearer context is not available with the selected P-GW, the UE shall initiate a PDN connection establishment procedure and indicate to the network in the PDN CONNECTIVITY REQUEST that the request is for SIP signalling;

b. if the default EPS bearer context is available with the selected P-GW but no EPS bearer for SIP signalling, the UE initiate a bearer resource allocation procedure and indicate in the BEARER RESOURCE ALLOCATION REQUEST message, that the request is for SIP signalling.
From NAS perspective, case (1) triggers the EPS attach procedure while case (2) triggers the TAU or service request procedure when the UE is in the idle mode. Then based on call type setting specified in Table D.1.1 in TS 24.301, for both cases (1) and (2), the call type will be set to "originating signalling" or "originating calls", which was not prioritized by SCM_LTE.
This will cause a problem: as the access attempt for estalishing the EPS bearer context for SIP signalling is not prioritized by SCM_LTE, this access attempt will be barred at the AS layer if the access barring check does not pass the ACB. As a result, the UE cannot perform an initial IMS registration using an EPS bearer context for SIP signalling and finally all MO MMTEL voice, MO MMTEL video and MO SMSoIP services are not available, even the UE AS layer and RAN has supported SCM_LTE.
Problem 1: The access attempt for IMS initial registration can be barred by ACB due to it was not prioritized by SCM_LTE which causes all MO MMTEL voice, MO MMTEL video and MO SMSoIP services are not available.

After the initial IMS registration has been completed, the UE can perform the reregistration of a previously registered public user identity or the registration of additional public user identities as specified in TS 24.229 subclause 5.1.1.4. Furthermore, as specified in TS 24.229 subclause 5.1.1.3, if continued subscription is required after the initial IMS registration, the UE shall automatically refresh the subscription to the reg event package for a previously registered public user identity. All these will trigger an access attempt for SIP signalling to be transported over EPS bearer context for SIP signalling. In case of the UE is in the idle mode, the access attempt to re-activate the user-plane resourses of EPS bearer context for SIP signalling can be barred by ACB as it is not prioritized by SCM_LTE. As a result, the IMS procedures (e.g. reregistration, subscription refresh) cannot be initiated and cause failure handling at the UE (e.g. expiration of timer F). This will also cause all MO MMTEL voice, MO MMTEL video and MO SMSoIP services are not available, even the UE AS layer and RAN has supported SCM_LTE.
Problem 2: After the IMS initial registration, the access attempt for some SIP signalling (e.g. reregistration, subscription refresh) can be barred by ACB due to it was not prioritized by SCM_LTE which causes the failure handling at the UE and finally causes all MO MMTEL voice, MO MMTEL video and MO SMSoIP services are not available.

These problems were already observed in the field. Note that for a UE was already attached for EPS services, this problem can only happen in the idle mode as there is no ACB for connected mode in 4G.
2.2 Problems in 5GS
In 5GS, as exchanged between SA1, RAN2 and CT1, for the unified access control (UAC), the SCM_LTE feature was supported since Rel-15. Similar as in 4G, only MO MMTEL voice, MO MMTEL video and MO SMS (including MO SMSoIP and MO SMS over NAS) services are prioritzed for UAC. For an access attempt to establish a 5GS PDU session and a QoS flow used for SIP signalling, NAS will provide the access category "7 (= MO_data)" to the AS layer based on the Table 4.5.2.2 in TS 24.501.
	9
	UE NAS initiated 5GMM connection management procedure or 5GMM NAS transport procedure
	Access attempt is for MO data
	7 (= MO_data)


Similary, as specified in TS 24.229 subclause U.3.1.2 for availability for calls and subclause U.3.1.2A for availability for SMS over IMS in 5GS, the UE shall perform an initial registration using a QoS flow for SIP signalling. Hence, the above problem 1 exists in 5GS as well.

Also, after the initial IMS registration has been completed over 5GCN, the UE IMS needs also initiate other IMS procedures (e.g. the reregistration of a previously registered public user identity, the registration of additional public user identities, or refresh the subscription to the reg event package for a previously registered public user identity) to continue IMS registered status. Hence, the above problem 2 exists in 5GS as well.

Furthermore, as UAC in 5GS was extened to support access control and checking in 5GMM-CONNECTED mode and in 5GMM-CONNECTED mode with RRC inactive indication, the situation is ever worsen than 4G as the access attempt for establishing a 5GS PDU session and a QoS flow used for SIP signalling can also be barred in connected mode or RRC active mode.
Problem 3: In 5GS, the same problem 1 and 2 exist and they also happen in the connected mode and RRC active mode.

3. Proposal
To resolve the problems identified in section 2, it proposes to also prioritize the access attempt for IMS signalling for access control which include:

(1) The IMS signalling to estalish the EPS bearer context for SIP signalling in 4G for ACB skip in idle mode.

(2) The IMS signalling to re-activate the user-plane resources of EPS bearer context for SIP signalling in 4G for ACB skip in idle mode.

(3) The IMS signalling to estalish a 5GS PDU session for SIP signalling in 5GS for UAC in idle mode, connected mode and RRC inactive mode.

(4) The IMS signalling to re-activate the user-plane resources of PDU session for SIP signalling in 5GS for UAC in idle mode, connected mode and RRC inactive mode.
Proposal 1: It proposes to prioritize the access attempt for IMS signalling for access control in 4G and 5GS.

There are two alternatives on the table and both can achieve above purpose:

Alt#1: to re-use the existing call type "originating MMTEL voice" in 4G and existing access category "4 (= MO MMTel voice)" in 5G for the access attempt for IMS sigalling.
Alt#2: to define a new call type or new access category (e.g. "originating IMS signalling") for the access attempt for IMS sigalling.

The evaluation on these two alternatives used in 4G can be summarized in Table 1. The similar evaluation can be applied to 5GS with a note that there is no impact on upgrading the RAN for Alt#2 in 5GS as there is no NG-RAN deployed in the field so far.
Table 1. Evaluation on two alternatives
	Alternatives
	Network impact
	UE impact
	Backward/Forward compatibility
	Standard work

	Alt#1
	No
	· It requires the UE to use existing call type "originating MMTEL voice" for IMS signalling to skip ACB
	· It is not backward compatibility
· It may be not forward compatibility if different access control will be applied between IMS signalling and IMS voice/vedio/SMS in the future
	SA1 and CT1

	Alt#2
	· It impacts RAN to update SIB2

· It requires IoT test between the UE

· It requires operators to upgrade their legacy eNB in the field which increases CAPEX and OPEX
	· It requires the UE to use a new call type for IMS signalling to skip ACB

· It requires IoT test between the RAN
	· It is not backward compatibility

· It is forward compatibility
	SA1, RAN2 and CT1


Based on evalution provided in Table 1, we have:
Proposal 2: Alt#1 is adopted to prioritize the access attempt for IMS sigalling for access control, i.e. to re-use the existing call type "originating MMTEL voice" in 4G and existing access category "4 (= MO MMTel voice)" in 5GS.

Note that the initial INVITE request is also an IMS signalling message used for call initiation which will be set to call type "originating MMTEL voice". If Alt#2 was adopted, then the motivation why the differentiation between INVITE and other IMS signaling messages should be justified.
As shown in section 1, currently the SA1 requirement just covered the ACB skip for MO MMTEL voice, MO MMTEL video and MO SMS. Hence, before CT1 to adopt any solution as a way forward in stage 3, SA1 guidance on service requirement is required.
Proposal 3: It proposes CT1 to send an LS to SA1 to share the problems CT1 observed and to check SA1’s guidance on service requirement on prioritization of IMS signalling for access control.

As these proposals are the enhanced access control for both 4G and 5GS, and considering Rel-15 was deeply frozen, these proposals will go for Rel-16.

Note that as per specified in TS 24.229 subclause L.2.2.1 and U.2.2.1 as below, the UE NAS layer knows whether an access attempt from upper layer is for estalishing the EPS bearer context for SIP signalling, or for establishing a 5GS PDU session and a QoS flow used for SIP signalling. Based on this the UE NAS can set the call type or access category accordingly.
"I.
if a default EPS bearer context is not available with the selected P-GW, the UE shall indicate to the network in the PDN CONNECTIVITY REQUEST that the request is for SIP signalling. If the request is authorized, the network establishes a bearer with the appropriate QCI as described in 3GPP TS 24.301 [8J]. The UE may also use this EPS bearer context for DNS and DHCP signalling;

III.
if the default EPS bearer context is available with the selected P-GW and an EPS bearer for SIP signalling with the correct QCI and TFT is to be established, the UE shall indicate to the network, by setting the IM CN Subsystem Signalling Flag in the Protocol Configuration Options information element in the BEARER RESOURCE ALLOCATION REQUEST message, that the request is for SIP signalling. If the request is authorized, the network either establishes a new dedicated bearer or modifies an exisiting bearer with the appropriate QCI and TFT as described in 3GPP TS 24.301 [8J]. The general QoS negotiation mechanism is described in 3GPP TS 24.301 [8J]; and."

"
when establishing a 5GS PDU session with a QoS flow used for SIP signaling, the UE shall indicate to the network, by setting the IM CN Subsystem Signalling Flag in the extended Protocol Configuration Options information element specified in 3GPP TS 24.501 [258] in the PDU SESSION ESTABLISHMENT REQUEST message, that the request is for SIP signalling. The UE may also use this 5GS QoS flow for Domain Name Server (DNS) and Dynamic Host Configuration Protocol (DHCP) signalling; and."

4. Conclusion
This paper provided technical analysis on the current SCM_LTE feature for ACB skip in 4G and UAC in 5GS, based on which following problems were observed:

Problem 1: The access attempt for IMS initial registration can be barred by ACB due to it was not prioritized by SCM_LTE which causes all MO MMTEL voice, MO MMTEL video and MO SMSoIP services are not available.

Problem 2: After the IMS initial registration, the access attempt for some SIP signalling (e.g. reregistration, subscription refresh) can be barred by ACB due to it was not prioritized by SCM_LTE which causes the failure handling at the UE and finally causes all MO MMTEL voice, MO MMTEL video and MO SMSoIP services are not available.

Problem 3: In 5GS, the same problem 1 and 2 exist and they also happen in the connected mode and RRC active mode.

To resove above problems, two alternatives were provided and evaluated:

Alt#1: to re-use the existing call type "originating MMTEL voice" in 4G and existing access category "4 (= MO MMTel voice)" in 5G for the access attempt for IMS sigalling.

Alt#2: to define a new call type or new access category (e.g. "originating IMS signalling") for the access attempt for IMS sigalling.

Based on evaluation on the alternatives, following proposals were provided:

Proposal 1: It proposes to prioritize the access attempt for IMS signalling for access control in 4G and 5GS.

Proposal 2: Alt#1 is adopted to prioritize the access attempt for IMS sigalling for access control, i.e. to re-use the existing call type "originating MMTEL voice" in 4G and existing access category "4 (= MO MMTel voice)" in 5GS.

Proposal 3: It proposes CT1 to send an LS to SA1 to share the problems CT1 observed and to check SA1’s guidance on service requirement on prioritization of IMS signalling for access control.

It proposes CT1 to discuss these problems and proposed solutions. If CT1 believe the problems exist and need to be resolved in Rel-16, based on the feedback from SA1, we would be volunteer to provide required CRs to 4G and 5GS in the future CT1 meeting. Proposal 3 is captured in a draft LS C1-191288 to SA1.
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