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1. Introduction
This paper considers whether the UE should retry voice call via VoLTE after IMS voice over 5G is barred due to UAC(Unified Access Control).
2. Analysis for access barring in LTE
UE behavior when IMS voice is barred due to ACB in LTE
In LTE, if IMS voice request is barred due to ACB(i.e., access barring for “MO data”), the UE can attempt voice call via CS domain according to following spec.
TS24.229 Annex L.5

NOTE 1:
If the UE sends an INVITE request including voice codecs which is not successful due to a failure from the lower layers indicating that access is barred for originating calls but not specific to CSFB (see 3GPP TS 24.301 [8J]) and if the CS domain is supported and available, the UE can attempt the voice call via the CS domain.

Additionally, if CSFB call attempt is barred due to ACB after switching voice domain to CS domain, the UE moves to CS RAT(i.e., GERAN or UTRAN) cell and attempts voice call via CS domain according to following spec.
TS24.301 Section5.6.1.6.

a)
Access barred because of access class barring, ACDC or NAS signalling connection establishment rejected by the network without "Extended wait time" received from lower layers
…

If the service request was initiated for CS fallback and a CS fallback cancellation request was not received and the access is barred for "mobile originating CS fallback" (see 3GPP TS 36.331 [22]) and the lower layer does not indicate "the barring is due to CSFB specific access barring information", the UE shall attempt to select GERAN or UTRAN radio access technology. If the UE finds a suitable GERAN or UTRAN cell, it then proceeds with the appropriate MM and CC specific procedures and the EMM sublayer shall not indicate the abort of the service request procedure to the MM sublayer. Otherwise the EMM sublayer shall indicate the abort of the service request procedure to the MM sublayer.
So, if IMS voice request is barred due to ACB in LTE, the UE attempts voice call via CS domain (with cell reselection to CS RAT cell, if needed). 
UE behavior when IMS voice is barred due to SSAC in LTE
On the other hands, as there is no corresponding spec specifying that the UE can attempt voice call via CS domain after IMS voice request is barred due to SSAC (i.e., access barring for “MMTEL voice”), the UE is implicitly required to stay LTE and inhibit re-attempting IMS voice request until barring timer in the RRC layer expires. 
Control the UE behavior when IMS voice is barred in LTE
As the UE behavior when IMS voice request is barred differs depending on whether it is barred due to ACB or SSAC, the operator can control whether the UE should reattempt voice call via other RAT or domain by operating access barring ACB or SSAC. For example, if the network needs to limit accesses for IMS voice call due to congestion or failure in P-CSCF, but it has capacity to handle CS voice call, the operator can let the UE reattempt voice call via CS domain by using ACB. On the other hands, if the network needs to limit both accesses for IMS voice and CS voice call, the operator can use SSAC in order to inhibit both voice call attempts via IMS and CS domain. In such a way, operators have choices to control whether the UE should reattempt voice call via CS domain for access barring in LTE.

Observation 1: In LTE, the UE behavior after IMS voice request is barred differs depending on whether it is barred due to ACB or SSAC. This means that the operator can control whether the UE should reattempt voice call via other RAT or domain.
· If IMS voice call is barred due to ACB, the UE can retry voice call via CS domain.

· If IMS voice call is barred due to SSAC, the UE remains LTE and cannot retry IMS voice call until barring timer in RRC layer expires. 
3. Analysis for access barring in 5G
This paper approaches how the UE should behave after IMS voice over 5G is barred due to UAC. In 5G(UAC), IMS voice can be barred only when access barring for Access Category 4(=MO MMTEL voice) is invoked and IMS voice cannot be barred due to access barring for Access Category 7(=MO data), which is unlike access barring in LTE. In LTE, IMS voice can be barred due to both ACB (access barring for “MO data”) and SSAC (access barring for “MMTEL voice”). So, it seems to be impossible for operators to control the UE behavior after IMS voice request is barred in the same manner as access barring in LTE.
TS24.501 section 4.5.2

	Rule #
	Type of access attempt
	Requirements to be met
	Access Category

	1
	Response to paging
	Access attempt is for MT access


	0 (= MT_acc)


	2
	Emergency
	UE is attempting access for an emergency session (NOTE 1, NOTE 2)
	2 (= emergency)

	3
	Access attempt for operator-defined access category
	UE was provided with operator-defined access categories for the current PLMN, and access attempt is matching criteria of an operator-defined access category
	32-63 
(= based on operator classification)

	4
	Access attempt for delay tolerant service
	UE is configured for delay tolerant service, the PLMN is broadcasting one of the categories a, b or c, and the UE is a member of the broadcasted category in the selected PLMN or RPLMN/equivalent PLMN (NOTE 3)
	1 (= delay tolerant)

	5
	MO MMTel voice call
	Access attempt is for MO MMTel voice call 

or for NAS signalling connection recovery during ongoing MO MMTel voice call (NOTE 2)
	4 (= MO MMTel voice)


	6
	MO MMTel video call
	Access attempt is for MO MMTel video call 

or for NAS signalling connection recovery during ongoing MO MMTel video call (NOTE 2)
	5 (= MO MMTel video)


	7
	MO SMS over NAS or MO SMSoIP
	Access attempt is for MO SMS or SMSoIP transfer

or for NAS signalling connection recovery during ongoing MO SMS or SMSoIP transfer (NOTE 2)
	6 (= MO SMS and SMSoIP)


	8
	UE NAS initiated 5GMM specific procedures
	Access attempt is for MO signalling
	3 (= MO_sig)

	9
	UE NAS initiated 5GMM connection management procedures or 5GMM NAS transport procedure
	Access attempt is for MO data
	7 (= MO_data)

	NOTE 1:
This includes 5GMM specific procedures while the service is ongoing and 5GMM connection management procedures required to establish a PDU session with request type = "emergency" or to re-establish radio bearers for such a PDU session.

NOTE 2:
Access for the purpose of NAS signalling connection recovery during an ongoing service is mapped to the access category of the ongoing service in order to derive an RRC establishment cause, but barring checks will be skipped for this access attempt.

NOTE 3:
If the UE selects a new PLMN, then the selected PLMN is used to check the membership; otherwise the UE uses the RLPMN or a PLMN equivalent to the RPLMN.


Observation 2: Unlike access barring in LTE, IMS voice cannot be barred due to access baring for “MO data”. It can be barred only due to access barring for MMTEL voice. So, it is difficult for operators to control the UE behavior after IMS voice request is barred in the same manner as access barring in LTE.
4. Solutions and proposals
The aim of this paper is to decide the UE behavior after IMS voice over 5G is barred due to UAC. There are following 4 alternatives. Additionally, pros and cons for each alternative are presented in the following table.
Alt.1: Specifying the UE behavior to stay 5G until access barring is alleviated

Alt.2: Specifying the UE behavior to attempts voice call via VoLTE

Alt.3: Introducing new mechanism which the operator can control the UE behavior (For example, introducing new flag in System Information Block indicating whether the UE is allowed to retry voice call in other RAT(e.g., VoLTE) after IMS voice is barred due to UAC)
Alt.4: Remaining the UE behavior implementation dependent

	
	Pros.
	Cons.

	Alt.1
	· Not triggering network overload in LTE
	· Operators cannot control the UE behaviour
· Potentially triggering bad user experience (i.e., the UE does not re-attempt voice call even in the case where VoLTE is available)

	Alt.2
	· Increasing connectivity of voice call in access barring situation
	· Operators cannot control the UE behaviour

· Potentially triggering network overload in LTE as all the UE whose IMS voice request is barred re-attempt voice call via VoLTE

	Alt.3
	· Operators cannot control the UE behaviour


	· Potential impact on System Information Block



	Alt.4
	· No need to change 3GPP spec
	· Operators cannot control the UE behaviour

· Unfair connectivity among the UEs whose voice call request is barred due to UAC


NTT DOCOMO considers that operator needs to control whether the UE reattempts voice call via VoLTE after IMS voice over 5G is barred due to UAC depending on situations or operator policy. So, Alt.3 is strongly recommended. However, as Alt.3 has potential signalling interface impact and confirmations with other WG (e.g., SA1, RAN2) are needed, it seems to be difficult to introduce this new mechanism in Rel-15. So, NTT DOCOMO proposes to introduce Alt.3 in Rel-16 to control the UE behavior after IMS voice over 5G is barred due to UAC.
Proposal 1: A certain mechanism which the operator can control whether the UE should reattempt voice call via other RAT after IMS voice request is barred are needed. So, applying Alt.3 to Rel.16 is recommended.
If CT1 considers to apply Alt.3 is difficult even for Rel.16, NTT DOCOMO thinks that at least the UE behavior after IMS voice is barred due to UAC needs to be clarified in 3GPP spec. Otherwise, operators cannot utilize UAC appropriately. In other words, either Alt.1 or 2 should be chosen and Alt.4, remaining the UE behavior implementation dependent, should be avoided. 
Proposal 2: As the UE behavior after IMS voice is barred due to UAC needs to be clarified, either Alt.1 or 2 should be chosen at least, if Alt.3 is not chosen. Alt.4, remaining the UE behavior implementation dependent, should be avoided.
5. Conclusion

Here are observations for access barring in LTE and 5G.
Observation 1: In LTE, the UE behavior after IMS voice request is barred differs depending on whether it is barred due to ACB or SSAC. This means that the operator can control whether the UE should reattempt voice call via other RAT or domain.
· If IMS voice call is barred due to ACB, the UE can retry voice call via CS domain.

· If IMS voice call is barred due to SSAC, the UE remains LTE and cannot retry IMS voice call until barring timer in RRC layer expires. 
Observation 2: Unlike access barring in LTE, IMS voice cannot be barred due to access baring for “MO data”. It can be barred only due to access barring for MMTEL voice. So, it is difficult for operators to control the UE behavior after IMS voice request is barred in the same manner as access barring in LTE.
Here are proposals of this paper.
Proposal 1: A certain mechanism which the operator can control whether the UE should reattempt voice call via other RAT after IMS voice request is barred are needed. So, applying Alt.3 to Rel.16 is recommended.
Proposal 2: As the UE behavior after IMS voice is barred due to UAC needs to be clarified, either Alt.1 or 2 should be chosen at least, if Alt.3 is not chosen. Alt.4, remaining the UE behavior implementation dependent, should be avoided.
If CT1 chooses Alt.3 for Rel-16, NTT DOCOMO proposes CT1 to send LS to SA1 to ask whether they have such requirements in Rel-16 as the first action.

On the other hands, if CT1 does not choose Alt.3 even for Rel-16, CT1 is asked to choose either Alt.1 or 2. Corresponding CR for Alt.1 is provided as C1-183089 and one for Alt.2 is provided as C1-183090.
