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1 Introduction

CSFB was used as voice solution in initial deployment of LTE. Similarly, voice fallback could be used in initial deployment of standalone NR. To reduce the call setup failure and latency, access stratum (AS) was made aware of the CSFB in LTE. This paper proposes to inherit this CSFB-awareness feature to 5G voice fallback.
2 History: CSFB awareness by access stratum in LTE
In PSHO based CSFB, “CSFB Information” is included in the Source RNC to Target RNC Transparent Container, referring to IE description below, from 3GPP TS 25.413.
	CSFB Information 
	O
	 
	ENUMERATED (CSFB, CSFB High Priority, ...)
	 
	YES
	ignore


By this IE, the eNB informs RNC that this handover is for CSFB purpose. The CSFB priority is indicated by this IE too. With this IE, the target RNC performs CSFB specific handling, e.g. prioritizing resource allocation and selecting optimal cells for the voice call.
Observation 1:
In PSHO based LTE CSFB, source eNB indicates CSFB to target RNC for prioritization and other voice specific handling.
In RRC redirection-based LTE CSFB, UE AS knows the RRC connection release is for CSFB. The UE includes “CSFB Indication” in UTRAN RRC Connection Request to make RNC aware of the CSFB, referring to IE description from TS 25.331.

	CSFB Indication
	OP
	
	Enumerated (TRUE)
	The presence of this IE indicates that the RRC Connection Request is due to CSFB call initiated in E-UTRA.
	


Observation 2:
In RRC redirection based LTE CSFB, target RNC is informed of CSFB in RRC Connection Request. 

LTE CSFB is triggered by UE with NAS Service Request procedure. The Service Request procedure for CSFB is considered failure if UE failed in establishing RRC connection to the target cell. When such Service Request fails, The UE autonomously selects a CS capable cell to perform the CS call, referring to the description in section 5.6.1.6 in TS 24.301.
b)   Lower layer failure or release of the NAS signalling connection without "Extended wait time", without "Extended wait time CP data", and without redirection indication received from lower layers before the service request procedure is completed (see subclause 5.6.1.4) or before SERVICE REJECT message is received
If the service request was initiated for CS fallback and a CS fallback cancellation request was not received, the UE shall attempt to select GERAN or UTRAN radio access technology.
When handover or redirection procedure for CSFB fails, instead of returning to LTE, the UE tries to select a voice capable RAT to perform the voice call.
Observation 3:
With CSFB awareness, when CSFB triggered handover/redirection fails, the UE tries to select a voice capable RAT instead of returning to LTE.
3 Voice fallback from NR to LTE
Figure 1 shows the EPS fallback procedure defined in TS 23.502. 
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Figure 1: EPS Fallback Procedure

The fallback is triggered by 5QI=1 flow setup. The 5QI=1 flow is rejected in step 4 by gNB before handover/redirection to LTE. So, in PSHO based voice fallback, the source to target transparent container doesn’t have QCI=1 DRB. The target eNB could not know the handover is triggered by voice fallback. Therefore it cannot prioritize the UE during handover.
Observation 4:
In the PSHO-based voice fallback procedure of 5G, the target eNB doesn’t know the purpose of the handover and cannot prioritize the UE.
For handover, target eNB can be informed in handover preparation phase by including voice fallback indication in either RRC container (HandoverPreparationInformation) or S1AP. S1AP option requires to involve RAN3. To resolve the issue quickly, RRC container option is preferred.

Proposal 1:
For EPS/RAT fallback purpose handover, include voice fallback indication in HandoverPreparationInformation of 36.331.

According to current specification, if a handover procedure fails, the UE returns to source RAT, referring to 38.331. 

	<TS 38.331>

5.4.3.5
Mobility from NR failure

The UE shall:

1>
if the UE does not succeed in establishing the connection to the target radio access technology; or

1>
if the UE is unable to comply with any part of the configuration included in the MobilityFromNRCommand message; or

1>
if there is a protocol error in the inter RAT information included in the MobilityFromNRCommand message, causing the UE to fail the procedure according to the specifications applicable for the target RAT:

2>
revert back to the configuration used in the source PCell;

2>
initiate the connection re-establishment procedure as specified in subclause 5.3.7.


After RRC reestablishment in NR, the gNB may re-initiate the handover/redirection to LTE. For voice fallback, this significantly increases the call setup delay and may lead to call setup failure. So, it is necessary to inherit LTE CSFB failure handling: when voice purpose handover/redirection fails, UE tries to select a voice capable RAT.
Proposal 2:
Upon NR to E-UTRA handover/redirection failure, if the UE knows that the handover/redirection was triggered by EPS/RAT fallback, instead of returning to source RAT, the UE shall first attempt to select an E-UTRA cell.
To achieve above, UE AS shall be made aware that the handover/redirection was triggered by voice fallback. In 5G, the voice fallback is initiated by gNB, unlike 4G CSFB which is initiated by UE. So, when RRC redirection/handover command is received, the UE AS does not know this is triggered by voice fallback. Therefore the UE cannot make the decision to select an E-UTRA cell after handover/redirection failure. There are threeoptions to inform UE AS of voice fallback:

· Option A: include voice fallback indication in MobilityFromNRCommand
· Option B: include voice fallback indication in LTE RRC HandoverCommand
· Option C: UE infers that the handover/redirection is triggered by voice fallback based on ongoing IMS call setup and UE VoNR capability.
Option C is not reliable because the handover/redirection may be triggered by other data service. In addition, option C requires cross-layer information exchange inside UE between IMS, NAS and RRC. This is particularly difficult when IMS is not implemented in the modem, e.g. run over AP (Application Processor). To simplify UE implementation, network-based solution is preferred.

Option B requires eNB to be upgraded to support voice fallback indication. If option A is used, the eNB upgrade could be optional.

On addition benefit of option A is: gNB can control whether UE goes back NR upon handover failure. For example, in NR to LTE handover with established VoNR call, the gNB may intentionally not include the “voice fallback indication”, so the UE will go back NR after handover failure.

Proposal 3:
Include voice fallback indication in MobilityFromNRCommand for voice fallback triggered handover.
For RRC redirection-based voice fallback, it is also necessary for UE to know the redirection is triggered by voice fallback. The benefit is two-fold: the UE can select an E-UTRA cell after redirection failure; the UE can use correct cause value in RRCConnectionRequest. Note that in LTE CSFB, in addition to NAS indication to UE AS, eNB may also tell UE the reason of RRCConnectionRelease.
Proposal 4:
Include voice fallback indication in NR RRCRelease for voice fallback triggered RRC redirection.

In the current RRC redirection-based voice fallback, due to lack of voice fallback awareness, the UE NAS indicates “mo-Signalling” as cause value in LTE RRC connection request for UE to initiate the TAU procedure. This prevents eNB from prioritizing this UE for voice call. In RRC redirection-based voice fallback, the UE shall use “mo-VoiceCall” as cause value in RRC Connection Request.
Proposal 5:
In RRC redirection-based voice fallback, the UE should use “mo-VoiceCall” as cause value in LTE RRC Connection Request.
4 Backward compatibility analysis

For legacy UE which doesn’t understand voice fallback indication in MobiltyFromNRCommand or RRCRelease, the optional IE would be ignored. When the voice fallback indicator is received by legacy eNB, the eNB would ignore it. The UE would not be able enjoy the benefit of this feature.
The proposed changes will not cause any interworking issue. So, UE capability bit is not needed for the proposals.

5 Summary
Observation 1:
In PSHO based LTE CSFB, source eNB indicates CSFB to target RNC for prioritization and other voice specific handling.
Observation 2:
In RRC redirection based LTE CSFB, target RNC is informed of CSFB in RRC Connection Request.
Observation 3:
With CSFB aware by AS, when CSFB triggered handover/redirection fails, the UE tries to select a voice capable RAT instead of returning to LTE.
Observation 4:
In the PSHO-based voice fallback procedure of 5G, the target eNB doesn’t know the purpose of the handover and cannot prioritize the UE.
Proposal 1:
For EPS/RAT fallback purpose handover, include voice fallback indication in HandoverPreparationInformation of 36.331.
Proposal 2:
On NR to E-UTRA handover/redirection failure, if UE knows that the handover/redirection was triggered by EPS/RAT fallback, instead of returning to source RAT, UE shall first attempt to select an E-UTRA cell.
Proposal 3:
Include voice fallback indication in MobilityFromNRCommand for voice fallback triggered handover.
Proposal 4:
Include voice fallback indication in NR RRCRelease for voice fallback triggered RRC redirection.
Proposal 5:
In RRC redirection based voice fallback, the UE should use “mo-VoiceCall” as cause value in LTE RRC Connection Request.
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6b. Attach with PDN connectivity request with request type "handover"
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