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1. Introduction
This paper proposes UE radio capability for VoNR and voice fallback. 
2. Discussion

In 5G SA mode, the network is to use 5GC and NR RAN. Voice over NR (VoNR) may not be supported in initial NR deployments. It is expected that fallback to LTE with VoLTE or 3G with CS voice will be used. In those initial deployments, the UEs may not be sufficiently verified for IMS voice bearer transferred over NR protocols and radio interface. It should be noted that the UE configured to support voice indicates “voice centric” or “data centric” in NAS registration but there are not separate indications for how voice is supported. 
IMS voice over PS support is based on a series of radio features. Appendix is the radio feature list for VoLTE support. However, supporting all these features in NR doesn’t mean VoNR is supported. Extensive testing and optimizations are required for these features and UE/network to cooperate well. 
Observation 1:
Supporting all the VoNR required individual features doesn’t mean VoNR is effectively supported.

2.1 VoNR vs. Fallback

Based on SA2 and RAN3 decision on UE Capability Check procedure, RAN just tells CN 1-bit information on whether IMS voice can be supported in current registration area from UE/RAN capability perspective. It is up to RAN to decide how to support IMS voice: VoNR, RAT fallback to E-UTRA connected to 5GC, EPS fallback to VoLTE or SRVCC to UTRA. 

Observation 2:
CN/NAS just decides whether IMS voice is supported. How to support IMS voice (VoNR, RAT/EPS fallback, SRVCC to UTRA) is determined by RAN. 

This means that the gNB should be provided with sufficient information to decide how to support IMS voice, i.e. VoNR or fallback.
Proposal 1:
Define VoPS capability bits for the gNB to decide between VoNR and voice fallback.
Following the convention of VoLTE, the VoPS capability for FDD and TDD should be separated. Voice over FR2 needs special design and optimization due to special characteristics of the channel. So, voice over FR2 shall be indicated by separate bits.
Proposal 1a:
Define separate VoPS capability bits for NR-FDD, NR-TDD, FR2
NOTE:
This proposal does not allow the UE to support VoPS in NR-TDD FR2, but not in NR-TDD FR1. We do not think this is limitation causes any problem in reality.
In UE-EUTRA-Capability, VoHSPA capability and HSPA to UTRAN/GERAN CS SRVCC capability bits were defined for eNB to know whether VoHSPA can be a good backup to ensure voice continuity.
IRAT-ParametersUTRA-v9c0 ::=

SEQUENCE {


voiceOverPS-HS-UTRA-FDD-r9





ENUMERATED {supported}

OPTIONAL,


voiceOverPS-HS-UTRA-TDD128-r9




ENUMERATED {supported}

OPTIONAL,


srvcc-FromUTRA-FDD-ToUTRA-FDD-r9




ENUMERATED {supported}

OPTIONAL,


srvcc-FromUTRA-FDD-ToGERAN-r9




ENUMERATED {supported}

OPTIONAL,


srvcc-FromUTRA-TDD128-ToUTRA-TDD128-r9


ENUMERATED {supported}

OPTIONAL,


srvcc-FromUTRA-TDD128-ToGERAN-r9



ENUMERATED {supported}

OPTIONAL

}
It is necessary to define similar capability bits for gNB to know whether LTE can act as a good backup to ensure voice continuity. More importantly, these LTE voice capability bits enables gNB to know whether fallback to VoLTE is feasible. To avoid gNB to decode the LTE capability container, these LTE voice capability bits should be defined in UE-NR-Capability.
Proposal 1b:
Define VoLTE-FDD and VoLTE-TDD bits in UE-NR-Capability for gNB to make accurate decision on fallback without decoding UE-EUTRA-Capability. 
Like VoLTE capability design, the SRVCC capability of target RAT should be indicated in UE radio capability.
Proposal 1c:
Define LTE SRVCC capability bits in UE-NR-Capability for gNB to make accurate decision on fallback without decoding UE-EUTRA-Capability.
Below is the ASN.1 changes to 38.331 based on above proposals (use of non-critical extension should be considered in the actual implementation of the changes).
UE-NR-Capability ::= SEQUENCE {


pdcp-Parameters




PDCP-Parameters, 


rlc-Parameters




RLC-Parameters





OPTIONAL,






mac-Parameters




MAC-Parameters





OPTIONAL,







phy-Parameters




Phy-Parameters,


rf-Parameters




RF-Parameters,


measParameters




MeasParameters





OPTIONAL,


fdd-Add-UE-NR-Capabilities

UE-NR-CapabilityAddXDD-Mode


OPTIONAL,


tdd-Add-UE-NR-Capabilities

UE-NR-CapabilityAddXDD-Mode


OPTIONAL,


fr1-Add-UE-NR-Capabilities

UE-NR-CapabilityAddFRX-Mode


OPTIONAL,


fr2-Add-UE-NR-Capabilities

UE-NR-CapabilityAddFRX-Mode


OPTIONAL,

system-Parameters



System-Parameters




OPTIONAL,

lateNonCriticalExtension

OCTET STRING





OPTIONAL,


nonCriticalExtension


SEQUENCE {}






OPTIONAL
}

System-Parameters ::= SEQUENCE {

voiceOverPS-Capabilities


VoiceOverPS-Capabilities



OPTIONAL,

…

}
VoiceOverPS-Capabilities
 ::= SEQUENCE {

vonr
-FDD






ENUMERATED {supported}


OPTIONAL,

vonr-TDD






ENUMERATED {supported}


OPTIONAL,

vonr-FR2






ENUMERATED {supported}


OPTIONAL,

volte-FDD





ENUMERATED {supported}


OPTIONAL,

volte-TDD





ENUMERATED {supported}


OPTIONAL,

srvcc-FromEUTRA-FDD-ToUTRA-FDD  ENUMERATED {supported}          OPTIONAL,

    srvcc-FromEUTRA-FDD-ToGERAN     ENUMERATED {supported}          OPTIONAL,

    srvcc-FromEUTRA-TDD-ToUTRA-FDD  ENUMERATED {supported}          OPTIONAL,

srvcc-FromEUTRA-TDD-ToGERAN     ENUMERATED {supported}          OPTIONAL

…
}
2.2 VoLTE to VoNR handover

A VoPS call may be handed over from LTE to NR. To make the handover decision, source eNB needs to know the UE’s VoPS capability of target RAT. UE capabilities related to VoNR shall be added into UE-EUTRA-Capability.
Proposal 2:
Add VoNR capability into UE-EUTRA-Capability so that eNB knows whether the call can be handed over to NR.
Below is the ASN.1 change to 36.331 based on above proposal (use of non-critical extension should be considered in the actual implementation of the changes).
IRAT-ParametersNR-r15 ::=

SEQUENCE {


en-DC-r15





ENUMERATED {supported}





OPTIONAL,


supportedBandListNR-r15


SupportedBandListNR-r15





OPTIONAL,


voiceOverNR-Capabilities-r15

VoiceOverNR-Capabilities
-r15




OPTIONAL
}

VoiceOverNR-Capabilities-r15
 ::= SEQUENCE {

vonr
-FDD-r15





ENUMERATED {supported}





OPTIONAL,

vonr-TDD-r15





ENUMERATED {supported}





OPTIONAL,

vonr-FR2-r15





ENUMERATED {supported}





OPTIONAL,

…
}
3. Conclusion

Based on above discussion, we have following observations and proposals.
Observation 1:
Supporting all the VoNR required individual features doesn’t mean VoNR is effectively supported.
Observation 2:
CN/NAS just decides whether IMS voice is supported. How to support IMS voice (VoNR, RAT/EPS fallback, SRVCC to UTRA) is determined by RAN. 
Proposal 1:
Define VoPS capability bits for the gNB to decide between VoNR and voice fallback. 
Proposal 1a:
Define separate VoPS capability bits for NR-FDD, NR-TDD, FR2.
Proposal 1b:
Define VoLTE-FDD and VoLTE-TDD bits in UE-NR-Capability for gNB to make accurate decision on fallback without decoding UE-EUTRA-Capability.

Proposal 1c:
Define LTE SRVCC capability bits in UE-NR-Capability for gNB to make accurate decision on fallback without decoding UE-EUTRA-Capability.

Proposal 2:
Add VoNR capability into UE-EUTRA-Capability so that eNB knows whether the call can be handover-ed to NR.
4. Appendix: E-UTRA Feature List for VoLTE
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
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