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1. Introduction
Considering the latency of EPS fallback for idle/inactive UE is unbearable for voice in real networks, we have discussed the enhancements on reducing the latency for several meetings. It can be seen that most companies support the motivation of reducing EPS fallback and proposed several enhancements, while the enhancements indeed have some issues just as the opponents pointed out. Detailedly, In RAN2#116-e meeting, [1] proposed early measurements for EPS Fallback and [2] [3] [4] proposed redirection enhancement for EPS fallback. However, for early measurements, some companies had concerns on the measurement accuracy, gains and complexity; and for redirection, we have sent an LS to SA2 SA3 CT1, and according to their reply, the enhancement will be discussed in the next release.
Per our understanding, we should not postpone the issue since EPS fallback solution may be used broadly soon. And we have to find a compromise. Hence in this contribution, we will give a solution on early measurement which has less impact on specification and we will provide the analysis on the measurement accuracy, gains and complexity.
2. Discussion
2.1 [bookmark: _Hlk57910421]General Issues in EPS/RAT Fallback Procedure and load distribution
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Fig1: illustration of IMS voice based on EPS Fallback latency
Figure1 describes the EPS fallback procedure for IMS voice. NG-RAN decides to trigger EPS Fallback or RAT Fallback taking account of the indication from AMF(i.e. Redirection for EPS fallback), gNB’s capability(e.g. NG-RAN supports handover or redirection to E-UTRAN connected to 5GC, or NG-RAN supports EPS fallback for IMS voice) and UE’s capability(e.g., UE supports IMS voice over EPS Fallback, or E-UTRAN via 5GC, or NR and so on) when it receives the request to set up QoS flow for IMS voice. 
From the analysis in [5], the latency of the IMS voice setup from the calling perspective based on the EPS Fallback is around 2s to 4s. And the main aspects which impact the latency of EPS Fallback contains:
Observation 1: There are three main aspects to impact the latency of EPS fallback 
A) Measurement configuration and report, i.e., radio quality and Number of LTE frequency
B) EPS fallback methods, i.e. handover or redirection, 
C) Procedure of EPS fallback in parallel or in series for caller and callee.
Besides, when NW doesn’t have the measurement result from UE, it may perform EPS/RAT Fallback based on blind redirection, which may result in a longer delay or call failure.
Observation 2: The LTE frequency measurement configuration is only done after RRC connection setup, UE may not report measurement results in time due to radio quality and the Number of LTE frequencies, which leads to blind redirection procedure and results in a longer delay.
Based on the above, some enhancements to reduce the call latency of EPS/RAT Fallback are in need to prevent the degradation of user experience and reduce the call failure rate. 
2.2 [bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: _Hlk59547845]Early Measurement Configuration 
In the last meeting, [1] proposed a simple method on early measurement for EPS Fallback, which reused the measurement configuration in SIB11 and introduced an additional indication per carrier frequency to indicate whether the carrier frequency can be used for EPS Fallback.  Some parameters in legacy idle/inactive measurement i.e. T331 which is the duration for performing idle/inactive measurements and the validityAreaList which indicates the area within which UE is required to perform measurements are not suitable for EPS fallback, and won’t be used for early measurement for EPS fallback.  Besides, it assumes the configuration is per cell, hence the method in [1] won’t store the configuration and won’t use the dedicated signalling.  Furthermore, when UE starts to perform early measurement for EPS/RAT Fallback is left to UE implementation in [1].  The related correction on specification for method in [1]  can be found in [6].
However, the opponents may have concerns about the measurement accuracy, gains and complexity. To have a compromise, we could agree to only introduce indications on carrier frequency for idle/inactive measurement for EPS fallback to indicate whether the carrier could be used for EPS Fallback for R17 UEs, besides additional carrier frequency for idle/inactive measurement for EPS fallback will be introduced to add available frequency except the carrier indicated by idleModeMeasurementsEUTRA. Regadring whether and how to perform the early measurement and when to start to measure can be left to UE implementation. That is to say, UE will store the measurement configuration for early measurement for EPS fallback, and other aspects such as whether dedicated signalling will be used and whether T331 and validity area will be considered all depend on UE, without specification limitation.
Except for the measurement procedure is based on UE implementation, other procedures will reuse the legacy idle/inactive measurement and no additional signalling will be introduced, including:
· The indication idleModeMeasurementsEUTRA applies to early measurement for EPS fallback
· UE will store the early measurement for EPS fallback as MeasResultIdleEUTAN in VarMeasIdleReport:
· If the UE has the measurement information available for EPS fallback, it could report idleMeasAvailable indication to NW in RRCSetupComplete message or RRCResumeComplete message.
· The NW could request the early measurement for EPS fallback in RRCResume or UEInformationRequest message like legacy idle/inactive measurement. And the UE could include the measurement result for EPS fallback in RRCResumeComplete message or UEInformationResponse message.
Proposal 1: RAN2 can agree with the enhancement on EPS Fallback: 
· Introducing indications on carrier frequency for idle/inactive measurement for EPS Fallback to indicate whether the carrier can be used for EPS Fallback for R17 UEs.
· Introducing additional carrier frequency for idle/inactive measurement for EPS Fallback to add available frequency except the carrier indicated by idleModeMeasurementsEUTRA.
· When/how/whether UE performs early measurement for EPS/RAT Fallback can be left to UE implementation.
· Whether T331 and validity area are applied to early measurement for EPS/RAT fallback can be left to UE implementation.
·  Follows the legacy idle/inactive measurement on other aspects, e.g. idleModeMeasurementsEUTRA indication, the measurement results storage, and the report of measurement results.
Proposal 2: The early measurement enhancement also applies to RAT Fallback.
2.3 [bookmark: _Hlk78627497]Analysis on measurements for EPS/RAT Fallback
2.3.1 The measurement accuracy of early measurement 
Opponents have concerns on the accuracy of early measurements for EPS/RAT Fallback. To evaluate the performance of early measurement for EPS/RAT Fallback based on handover, we have checked the RAN4 specification. Besides, we designed two related simulations.
RAN4 measurement accuracy
According to chapter 4.4.2.3 measurement of E-UTRAN inter-RAT DC candidate cells in TS 38.133, which is as follows:  
the UE physical layer shall be capable of reporting RSRP and RSRQ measurements of the carriers configured for idle mode CA/DC measurements to higher layers, with measurement accuracy as specified in clauses in 9.1.3B.3 and 9.1.6B.2 [15], respectively.
It can be observed that the legacy idle/inactive measurement has the measurement accuracy requirements, which can be 6 dB in the normal condition.  In the early version e.g. TS 36.133-am0, the accuracy requirement for inter-frequency is 6 dB also. Hence, we think although the accuracy requirement of idle/inactive is relaxed compared with handover, it won’t bring severe impact.
Observation 3:  The accuracy of EPS/RAT Fallback and load distribution based on early measurement can be guaranteed from the technical analysis perspective.
Proposal 3: The accuracy requirements of early measurement for EPS Fallback can re-use R16 EMR requirements defined in RAN4.
Simulations results on handover based on early measurement
Although the requirement in RAN4 could prove the accuracy of early measurement for handover, we have designed the simulations to further verify the accuracy of early measurement for EPS Fallback. The details can be found in [1]. From the simulation, there seems almost no accuracy difference between early measurement and connected measurement.
Besides, the early measurement results may have a 200ms delay to handover comparing connected measurement, assuming the early measurement results will be finished before UE perform RACH to establish the connection to network, and the RACH procedure may consume almost 200ms. Whether the 200ms will impact the accuracy also be analyzed in [1].
Observation 4: The accuracy of EPS/RAT Fallback based on early measurement is very close to the connected measurement from the simulation.
Observation 5: If UE doesn’t have the capability that performs measurement while initiating RACH, the failure rate of handover based on early measurement will be affected, but close to normal handover if UE’s speed is not too fast, e.g. 3 km/h, 30km/h. 
Observation 6: If UE has the capability that performs measurement while accessing the Network, the failure rate of handover based on early measurement may not be affected compared to normal handover.
2.3.2 The reduction of delay for EPS/RAT Fallback
Figure1 shown the voice set up procedure via EPS Fallback, and the following table shows the rough time of every step in the procedure and how much time the enhancement can save in each step.
Table 1: latency reduction of voice setup from the calling party perspective
	[bookmark: _Hlk90561545]Step
	Legacy procedure 
	Time reduction for early measurement

	UE triggers RRC setup/resume connection
	0ms
	0ms

	Idle/inactive UE setup/resume connection with gNB and gNB triggers EPS/Fallback
	~250ms
	0ms

	UE receive measurement configuration; UE performs measurement and reports the results in RRC_CONNECTED.
	~600ms
	~600ms

	Handover/redirection and TAU
	~300ms for handover procedure+TAU
	0 ms


	
	~1300ms for redirection procedure+TAU
	

	Wait for the caller response and finish the procedure assuming caller using handover for EPS Fallback
	~1s when caller and callee perform EPS fallback in parallel
	~600 ms


	
	~2s when caller and callee perform EPS fallback in series
	


Table 5 gives four cases of EPS Fallback and the total time of the legacy procedure and enhancements. It can be seen that the early measurement can significantly save time, almost from 28.9% to 55.8%. 
Table 2: Total time reduction of voice setup from the calling party perspective
	cases
	Legacy procedure
	Early measurement

	
	
	Total Time  
	gain

	Total time
	caller and callee perform EPS fallback in parallel and callee performs EPS Fallback based on handover
	2.15s 
	0.95s
	55.8%

	
	caller and callee perform EPS fallback in parallel and callee performs EPS Fallback based on redirection
	3.15s
	1.95s
	38.1%

	
	caller and callee perform EPS fallback in series and callee performs EPS Fallback based on handover
	3.15s 
	1.95 s
	38.1%

	
	caller and callee perform EPS fallback in series and callee performs EPS Fallback based on redirection
	4.15s
	2.95 s
	28.9%


Observation 7:  The early measurement enhancement can help reduce latency significantly, almost saving 28.9% to 55.8% time.


3. Conclusion
In this paper, we discuss the latency of EPS/RAT Fallback. Based on the discussion, we have the following observations and proposals:
Observation 1: There are three main aspects to impact the latency of EPS fallback 
A) Measurement configuration and report, i.e., radio quality and Number of LTE frequency
B) EPS fallback methods, i.e. handover or redirection, 
C) Procedure of EPS fallback in parallel or in series for caller and callee.
Observation 2: The LTE frequency measurement configuration is only done after RRC connection setup, UE may not report measurement results in time due to radio quality and the Number of LTE frequencies, which leads to blind redirection procedure and results in a longer delay.
Observation 3:  The accuracy of EPS/RAT Fallback and load distribution based on early measurement can be guaranteed from the technical analysis perspective.
Observation 4: The accuracy of EPS/RAT Fallback based on early measurement is very close to the connected measurement from the simulation.
Observation 5: If UE doesn’t have the capability that performs measurement while initiating RACH, the failure rate of handover based on early measurement will be affected, but close to normal handover if UE’s speed is not too fast, e.g. 3 km/h, 30km/h. 
Observation 6: If UE has the capability that perform measurement while accessing the Network, the failure rate of handover based on early measurement may be not affected compared to normal handover.
Observation 7:  The early measurement enhancement can help reduce latency significantly, almost saving 28.9% to 55.8% time.
Proposal 1: RAN2 can agree with the enhancement on EPS Fallback: 
· Introducing indications on carrier frequency for idle/inactive measurement for EPS Fallback to indicate whether the carrier can be used for EPS Fallback for R17 UEs.
· Introducing additional carrier frequency for idle/inactive measurement for EPS Fallback to add available frequency except the carrier indicated by idleModeMeasurementsEUTRA.
· When/how/whether UE performs early measurement for EPS/RAT Fallback can be left to UE implementation.
· Whether T331 and validity area are applied to early measurement for EPS/RAT fallback can be left to UE implementation.
·  Follows the legacy idle/inactive measurement on other aspects, e.g. idleModeMeasurementsEUTRA indication, the measurement results storage, and the report of measurement results.
Proposal 2: The early measurement enhancement also applies to RAT Fallback
Proposal 3: The accuracy requirements of early measurement for EPS Fallback can re-use R16 EMR requirements defined in RAN4.
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