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1. Introduction
IMS voice support is one goal of R15 NR WID. IMS voice requires UE support in multiple protocol layers: IMS, CN/NAS and AS/RRC.

Based on SA2 decision, IMS voice capability negotiation is performed in NAS registration procedure. If IMS voice or EPS fallback can be supported by UE and network, AMF indicates “Voice over IMS PS session supported indication” in NAS Registration Accept message. To avoid layer violation, CN is not required to understand the UE radio capability. So, the UE radio capability check for IMS voice should be performed by RAN. SA2 #122 meeting defined a “UE/RAN Information and Compatibility Request Procedure” [1] [2], similar to LTE UE capability match procedure for RAN to check IMS voice capability. In #122bis meeting, SA2 sent LS [3] to RAN2/RAN3 to confirm the need of this procedure in 5G. However, RAN2/RAN3 was not ready for UE capability discussion at that time.
This paper analyzes the radio capability for IMS voice and EPS fallback support, and the need of the UE capability check procedure.

2.  History: UE Capability Match Procedure for VoLTE
In VoLTE standard definition, a radio capability mismatch issue was found by some operators. A typical example is: UE supports SRVCC to UMTS only, but eNB supports SRVCC to GSM only. To resolve this problem, UE capability match procedure was defined in clause 5.3.14 of TS 23.401 as shown in figure 1. 
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1. S1 - AP: UE Radio Capabil ity Match Request      
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5   S1 - AP UE  Capability Info Indication  


Figure 1: Extract from TS 23.401 clause 5.3.14.

Observation 1: In addition to UE and RAN IMS voice capability check, the UE capability match procedure in LTE checks whether the IMS voice capability of RAN and UE are compatible. 
In Attach/TAU procedure, MME initiates this procedure for eNB to check the compatibility of radio capability on VoLTE support. If both UE and RAN support VoLTE and are mutually compatible, eNB sends Voice Supported Indicator to MME. MME takes the indicator into consideration in enabling the VoLTE feature for UE. 
VoLTE is related to a series of E-UTRA features, refer to table 1, which is a subset of table B.1-1 in 36.331. It is not necessarily for UE and RAN to support all these features to run VoLTE. Whether to indicate voice supported indicator to MME is up to implementation. 
Table 1: VoLTE related feature group indicators

	Index of indicator (bit number)
	Definition

(description of the supported functionality, if indicator set to one)
	Notes
	If indicated "Yes" the feature shall be implemented and successfully tested for this version of the specification
	FDD/ TDD diff

	3
	- 5bit RLC UM SN

- 7bit PDCP SN
	- can only be set to 1 if the UE has set bit number 7 to 1.
	Yes, if UE supports VoLTE, MCPTT, or both.

Yes, if UE supports SRVCC to EUTRAN from GERAN.
	No

	4
	- Short DRX cycle
	- can only be set to 1 if the UE has set bit number 5 to 1.
	
	Yes

	5
	- Long DRX cycle

- DRX command MAC control element
	
	Yes
	No

	6
	- Prioritised bit rate
	
	Yes
	No

	7
	- RLC UM
	- can only be set to 0 if the UE does neither support VoLTE nor MCPTT
	Yes, if UE supports VoLTE, MCPTT, or both.

Yes, if UE supports SRVCC to EUTRAN from GERAN.
	No

	9
	- EUTRA RRC_CONNECTED to GERAN GSM_Dedicated handover
	- related to SR-VCC

- can only be set to 1 if the UE has set bit number 23 to 1
	Yes (except for category M1 and M2 UEs), if UE supports SRVCC to EUTRAN from GERAN.
	Yes

	11
	- EUTRA RRC_CONNECTED to CDMA2000 1xRTT CS Active handover
	- related to SR-VCC

- can only be set to 1 if the UE has sets bit number 24 to 1
	
	Yes

	15
	- Measurement reporting event: Event B1 – Neighbour > threshold for UTRAN FDD or UTRAN TDD, if the UE supports either only UTRAN FDD or only UTRAN TDD and has set bit number 22 to 1

- Measurement reporting event: Event B1 – Neighbour > threshold for UTRAN FDD or UTRAN TDD, if the UE supports both UTRAN FDD and UTRAN TDD and has set bit number 22 or 39 to 1, respectively

- Measurement reporting event: Event B1 – Neighbour > threshold for GERAN, 1xRTT or HRPD, if the UE has set bit number 23, 24 or 26 to 1, respectively
	- can only be set to 1 if the UE has set at least one of the bit number 22, 23, 24, 26 or 39 to 1.

- even if the UE sets bits 41, it shall still set bit 15 to 1 if measurement reporting event B1 is tested for all RATs supported by UE

- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	Yes for FDD, if UE supports only UTRAN FDD and does not support UTRAN TDD or GERAN or 1xRTT or HRPD
	Yes

	20
	If bit number 7 is set to 0:

- SRB1 and SRB2 for DCCH + 8x AM DRB

If bit number 7 is set to 1:

- SRB1 and SRB2 for DCCH + 8x AM DRB

- SRB1 and SRB2 for DCCH + 5x AM DRB + 3x UM DRB

NOTE: UE which indicate support for a DRB combination also support all subsets of the DRB combination. Therefore, release of DRB(s) never results in an unsupported DRB combination.


	- Regardless of what bit number 7 and bit number 20 is set to, UE shall support at least SRB1 and SRB2 for DCCH + 4x AM DRB

- Regardless of what bit number 20 is set to, if bit number 7 is set to 1, UE shall support at least SRB1 and SRB2 for DCCH + 4x AM DRB + 1x UM DRB


	Yes
	No

	21
	- Predefined intra- and inter-subframe frequency hopping for PUSCH with N_sb > 1

- Predefined inter-subframe frequency hopping for PUSCH with N_sb > 1
	- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	
	No

	22
	- UTRAN FDD or UTRAN TDD measurements, reporting and measurement reporting event B2 in E-UTRA connected mode, if the UE supports either only UTRAN FDD or only UTRAN TDD

- UTRAN FDD measurements, reporting and measurement reporting event B2 in E-UTRA connected mode, if the UE supports both UTRAN FDD and UTRAN TDD
	- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	Yes for FDD, if UE supports UTRA FDD
	Yes

	23
	- GERAN measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	
	Yes

	24
	- 1xRTT measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	Yes for FDD, if UE supports enhanced 1xRTT CSFB for FDD

Yes for TDD, if UE supports enhanced 1xRTT CSFB for TDD
	Yes

	25
	- Inter-frequency measurements and reporting in E-UTRA connected mode

NOTE: The UE setting this bit to 1 and indicating support for FDD and TDD frequency bands in the UE capability signalling implements and is tested for FDD measurements while the UE is in TDD, and for TDD measurements while the UE is in FDD.
	- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	Yes, unless UE only supports band 13
	No

	26
	- HRPD measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	Yes for FDD, if UE supports HRPD
	Yes

	27
	- EUTRA RRC_CONNECTED to UTRA FDD or UTRA TDD CELL_DCH CS handover, if the UE supports either only UTRAN FDD or only UTRAN TDD

- EUTRA RRC_CONNECTED to UTRA FDD CELL_DCH CS handover, if the UE supports both UTRAN FDD and UTRAN TDD
	- related to SR-VCC

- can only be set to 1 if the UE has set bit number 8 to 1 and supports SR-VCC from EUTRA defined in TS 24.008 [49]

- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	Yes for FDD, if UE supports VoLTE and UTRA FDD
	Yes

	28
	- TTI bundling
	- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	Yes for FDD
	Yes

	29
	- Semi-Persistent Scheduling
	- If a category M1 or M2 UE does not support this feature group, this bit shall be set to 0.
	
	Yes


Observation 2: VoLTE capability is determined by a list of RAN features. Whether to indicate VoLTE supported to CN is up to RAN implementation.
3.  RAN and UE radio capabilities for voice

Table 2 is the initial analysis for NR voice related features based on [4]. 
Table 2: R15 voice features
	NR Features
	Category
	Mandatory for Fallback?
	Mandatory

 for VoNR?
	Mandatory Feature?

	Voice/video prioritization in Msg3, paging and access barring
	Call setup success rate optimization
	Yes
	Yes
	Yes

	Flow based QoS, GBR, PBR, LCP, DRB combinations
	Basic function
	Yes
	Yes
	Yes

	RLC UM
	Basic function
	No
	Yes
	Yes

	SPS 
	Power/Overhead optimization
	No
	No
	No

	C-DRX
	Power optimization
	No
	No
	No

	RoHC 
	Coverage/Overhead optimization
	No
	Yes
	No (FFS)

	TTI Bundling (FFS RAN1)
	Coverage optimization
	No
	No
	No

	PUSCH enhancement (FFS RAN1)
	Coverage optimization
	No
	No
	No

	ECN based rate adaptation
	Reliability and spectral efficiency optimization
	No
	No
	No

	MAC CE based rate adaptation
	Reliability and spectral efficiency optimization
	No
	No
	No

	UE reporting air interface delay budget adjustment
	Power, voice quality and coverage optimization
	No
	No
	No

	LTE measurement
	Mobility
	Yes
	Yes
	No

	Handover to LTE
	Mobility
	No
	Yes
	No


Observation 3: Like in LTE, not all the VoNR and EPS fallback mandatorily required features are mandatory for UE.
4. SA2 Agreement: Feature Specific UE/RAN Information and Compatibility Request Procedure
In SA2#122, SA2 agreed Feature Specific UE/RAN information and Compatibility Request procedure on N2 [1], as shown in figured 2 below. 
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Figure 2: Feature Specific UE/RAN Information and Compatibility Request procedure
This procedure generalizes the radio capability check procedure to any features, not limited to voice. The response from the RAN should provide only the information that can be used at the AMF and, on a case by case basis, provide as little RAN specific information as possible in order to maintain RAN evolution independent from AMF. In R15, this procedure is used for voice only.
The IMS capability mismatch issue may happen in 5G too. For example: UE may support LTE-FDD only, but network may support LTE-TDD handover only. 
Observation 4: Feature mismatch issue may exist in NR too.

Similar to VoLTE, a series of RAN features would be needed to support VoNR. It is up to NG-RAN to decide whether to indicate VoNR supported to CN. Based on SA2 discussion and decision, NG-RAN may indicate IMS voice supported to AMF even if VoNR is not supported but fallback to LTE is supported.

Observation 5: It is up to NG-RAN to decide whether to indicate IMS voice supported to CN, based on a list of voice related features and voice fallback capability.
So, the Feature Specific UE/RAN Information and Compatibility Request procedure is necessary for IMS voice support in 5G.

Proposal 1: Send a reply LS to SA2 to confirm the need of Feature Specific UE/RAN Information and Compatibility Request procedure.
Proposal 2: Introduce Radio Capability Check procedure in NG interface, based on SA2 decision.
5.  Conclusion

Based on above discussion, we have following observations and proposals.

Observation 1: In addition to UE and RAN IMS voice capability check, the UE capability match procedure in LTE checks whether the IMS voice capability of RAN and UE are compatible. 
Observation 2: VoLTE capability is determined by a list of RAN features. Whether to indicate VoLTE supported to CN is up to RAN implementation.

Observation 3: Like in LTE, not all the VoNR and EPS fallback mandatorily required features are mandatory for UE.
Observation 4: Feature mismatch issue may exist in NR too.

Observation 5: It is up to NG-RAN to decide whether to indicate IMS voice supported to CN, based on a list of voice related features and voice fallback capability.
Proposal 1: Send a reply LS to SA2 to confirm the need of Feature Specific UE/RAN Information and Compatibility Request procedure.
Proposal 2: Introduce Radio Capability Check procedure in NG interface, based on SA2 decision.
Text proposal to 38.413 is provided in appendix.
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7.  Appendix: Text Proposal

-----------------------Start of TP ------------------------

8.x
UE Capability Management Procedures

8.x.1
Radio Capability Check
8.x.1.1
General

The purpose of the Radio Capability Check procedure is for the AMF to request the gNB to check for each requested feature whether UE radio capability is compatible with network configuration and provide additional parameters. In this release of the specification, this procedure is used for UE radio capabilities support to be able to set the “IMS voice over PS Session Supported Indication” by AMF, as defined in TS 23.502 [10]. 

The procedure uses UE-associated signalling.

8.x.1.2
Successful Operation
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Figure 8.x.1.2-1: Radio Capability Check: successful operation

The AMF initiates the procedure for a list of features by sending a RADIO CAPABILITY CHECK REQUEST message. If the UE-associated logical NG-connection is not established, the AMF shall allocate a unique AMF UE NGAP ID to be used for the UE and include the AMF UE NGAP ID IE in the RADIO CAPABILITY CHECK REQUEST message; by receiving the AMF UE NGAP ID IE in the RADIO CAPABILITY CHECK REQUEST message, the gNB establishes the UE-associated logical NG-connection.
Upon receipt of the RADIO CAPABILITY CHECK REQUEST message, the gNB checks whether the UE radio capabilities are compatible with the network configuration for each requested feature and determines if needed any additional parameters to be provided to the AMF, and respond with a RADIO CAPABILITY CHECK RESPONSE message, as defined in the TS 23.502 [10].

If the UE Radio Capability IE is contained in the RADIO CAPABILITY CHECK REQUEST message, the gNB shall use it to determine the value of the Feature Information List IE to be included in the UE RADIO CAPABILITY MATCH RESPONSE message.

The AMF stores this information and uses it as an input for enabling specific features.
8.x.1.3
Unsuccessful Operation

Not applicable.

8.x.1.4
Abnormal Conditions
Not applicable.
---------------------- Next change -------------------------------

9.2.2.1
RADIO CAPABILITY CHECK REQUEST 
Editor’s Note:
Message structure and IEs need further checking and completion. Further details FFS.
This message is sent by the AMF to check the compatibility between the UE radio capabilities and network configuration.
Direction: AMF ( gNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	gNB UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	UE Radio Capability
	O
	
	<ref>
	
	YES
	ignore

	Feature List
	
	1.. <maxnoofFeatures>
	
	
	YES
	ignore

	> Feature ID
	M
	
	ENUMERATED
(IMS Voice, …)

	
	-
	


9.2.2.2

RADIO CAPABILITY CHECK RESPONSE
Editor’s Note:
Message structure and IEs need further checking and completion. Further details FFS.
This message is sent by the gNB to report the feature specific compatibility between the UE radio capabilities and network configuration.
Direction: gNB ( AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	ignore

	gNB UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	ignore

	Feature Information List
	M
	1
	
	
	YES
	reject

	 > Feature Information Items
	M
	1.. <maxnoofFeatures>
	
	
	-
	

	  >> Feature ID
	M
	
	ENUMERATED
(IMS Voice,…)
	
	-
	

	  >> Support Indicator
	M
	
	ENUMERATED
(Supported, Not Supported …)
	
	-
	

	  >> Additional Information
	O
	
	OCTET STRING
	
	-
	

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	-
	


--------------------------- End of TP ------------------------------
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4. N2: Feature Specific UE/RAN information and Compatibility Response







1. N2: Feature Specific UE/RAN information and Compatibility Request















5 N2 UE Capability Info Indication







3. RRC: UE Capability Information







2. RRC: UE Capability Enquiry
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2. RRC: UE Capability Enquiry







4. S1-AP: UE Radio Capability Match Response







5 S1-AP UE Capability Info Indication
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3. RRC: UE Capability Information
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1. S1-AP: UE Radio Capability Match Request




















