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1 Introduction
In RAN4 LS (R2-2102652), RAN4 requests RAN2 to answer two questions on the handover with PSCell: 


Q1> About the RRC processing delay;

Q2> About failure case for HO with PSCell.
In this contribution, we provide the analysis based on current RAN2 spec, and draft the answers to the two questions. 
2 Discussion

Q1: What is the RRC processing delay for following cases of handover with PSCell?
Following table provides the RRC processing delay for the request cases according to current RAN2 and RAN4 spec.
	Scenario
	Value
	Analysis

	NR SA to EN-DC
	50ms
	According to TS36.331 description, the RRC processing delay for NR PSCell addition is 20ms, but for the for inter-RAT mobility, the processing delay refers to the RAN4 spec of the source RAT (TS38.133).
In TS38.133 spec, it only defines the RRC processing delay for NR to EUTRA handover(no EN-DC) case, and the RRC processing delay is 50ms. 
Therefore, for the NR SA to EN-DC handover, the procedure could be regarded as the NR to LTE HO procedure plus the NR PSCell addition procedure. And the RRC processing delay should be the sum of the two parts. 
Therefore, the RRC processing delay should be 70ms (50ms+20ms).
 <TS38.133> RRC processing delay for NR to LTE HO = 50ms
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6.1.2.1.1 Introduction

The purpose of inter-RAT handover from NR to E-UTRAN is to change the radio access mode of PCell from NR to E-
UTRAN. The handover procedure is initiated from NR with a RRC message that implies a handover as described in TS
38.331 [2]. The requirements in this clause are applicable to SA NR, NE-DC and NR-DC, and to handover from SA NR
cell in a carrier frequency with CCA to E-UTRAN.

6.1.2.1.2 Handover delay

When the UE receives a RRC message implying handover to E-UTRAN the UE shall be ready to start the transmission
of the uplink PRACH channel in E-UTRA within Dy, 40y ms from the end of the last TTI containing the RRC

command. Dy,pgove 18 defined as

Dhandover - TRRC _procedure_delay + Timexrupt

Where:

Tinterrunt: 1t 18 the time between end of the last TTI containing the RRC command on the NR PDSCH and the time the UE
starts transmission of the PRACH in E-UTRAN, excluding Tgrgc procedure_delay- Linterrupt 1S defined in clause 6.1.2.1.3.




<TS36.331>  RRC processing delay for NR PSCell addition = 20ms
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	EN-DC to EN-DC
	20ms/ 60ms
	According to TS36.331 as below
> If the handover command is not delivered with the segmentation, the processing delay is 20ms.
> If the handover command is delivered with the segmentation, the processing delay is 60ms as the max value (the max segmentation number is 5).
[image: image3.png]RRC connection re- RRCConnectionReco negti i 20

configuration (intra- nfiguration yrationGomplete,

LTE mobility with NR

SCG establishment/

/modification/release)

RRC connection re- DLDedicatedMessag | RRCConnectionReconfig | 20+( Nseg

configuration eSegment urationComplete Nseg is number of RRC
-1)*10 | segments






	NE-DC to NE-DC
	16ms

/56ms
	According to TS38.331 as below

> If the handover command is not delivered with the segmentation, the processing delay is 16ms.

> If the handover command is delivered with the segmentation, the processing delay is 56ms as the max value (the max segmentation number is 5).
[image: image4.png]RRC reconfiguration (SCG RRCReconfiguration RRCReconfigurationComplete 16
establishment/ modification/ release)
RRC reconfiguration DL DedicatedMessage | RRCReconfigurationComplete 164(_ Nseg
Segment Nseg is number of RRC
-1)*10 segments






	NR-DC to NR-DC
	16ms

/56ms
	According to TS38.331 as below

> If the handover command is not delivered with the segmentation, the processing delay is 16ms.

> If the handover command is delivered with the segmentation, the processing delay is 56ms as the max value (the max segmentation number is 5).
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Based on the reference in the above table, it is proposed: 
Proposal 1:  Answer the RRC processing delay for request cases of the HO with PSCell as follows:  

	Scenario
	Source PCell
	Target PCell
	Target PSCell
	RRC procedure delay for HO with PSCell

	NR SA to EN-DC
	NR (incl. FR1 and FR2)
	LTE
	NR (incl. FR1 and FR2)
	70ms

	EN-DC to EN-DC
	LTE
	LTE
	NR (incl. FR1 and FR2)
	20ms (in case of the HO command without segmentation transmission)

60ms(in case of the HO command with segmentation)

	NE-DC to NE-DC
	NR FR1
	NR FR1
	LTE
	16ms (in case of the HO command without segmentation transmission)

56ms (in case of the HO command with segmentation)

	NR-DC to NR-DC
	NR FR1
	NR FR1
	NR FR2
	16ms (in case of the HO command without segmentation transmission)

56ms (in case of the HO command with segmentation)


Q2: Regarding HO with PSCell triggered by single RRC HO command, which of following options is in line with RAN2 definition when UE fails to synchronize to the expected PSCell?
RAN4 provides 4 options in their understanding as below. 
	· Option 1: UE performs conventional Rel-15 HO procedure and PSCell addition separately, i.e., UE can handover to the new PCell without PSCell addition

· Option 2: UE tries to synchronize another SCG which is the most likely to connect successfully (assumes that the target PCell configures multiple SCGs), i.e., UE can handover to the new PCell with a different PSCell addition

· Option 3: UE won’t handover to new PCell upon PSCell addition failure, i.e., UE will treat it as conventional Rel-15 HO failure

· Option 4: RAN2 is welcomed to share additional failure cases if any.


According to the message flow in TS37.340 as below, for the handover with SCG/PSCell, UE will perform the RACH procedure and delivers the RRCReconfigurationComplete message to MN to complete the handover procedure (step 7/8), and in parallel UE will initiate the RACH procedure towards the target SN (step 9). It is possible that the handover procedure succeeds but the RACH procedure towards to the target SN fails. 
Observation 1: RACH procedure towards the target SN failure has no impact on the handover with SCG/PSCell procedure. 
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According to the 38.331 description, for the handover with PSCell/SCG, NW provides the reconfigurationWithSync configuration in both SCG and MCG configuration, and UE behavior on the SCG during the handover is listed as below: 
· Step-1: UE applies the SCG configuration, including starting the T304 and acquiring the PSCell DL timing; (5.3.5.5.2)

	5.3.5.3
Reception of an RRCReconfiguration by the UE
……

1>
if the RRCReconfiguration includes the secondaryCellGroup:

2>
perform the cell group configuration for the SCG according to 5.3.5.5;
5.3.5.5
Cell Group configuration

5.3.5.5.1
General
1>
if the CellGroupConfig contains the spCellConfig with reconfigurationWithSync:

2>
perform Reconfiguration with sync according to 5.3.5.5.2;

2>
resume all suspended radio bearers and resume SCG transmission for all radio bearers, if suspended;
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The UE shall perform the following actions to execute a reconfiguration with sync.

1> if the AS security is not activated, perform the actions upon going to RRC_IDLE as specified in 5.3.11 with the
release cause 'other' upon which the procedure ends;

1> stop timer T310 for the corresponding SpCell, if running;

—




……




· Step-2: UE performs the RACH on PSCell 

	1>
if the UE is configured with E-UTRA nr-SecondaryCellGroupConfig (UE in (NG)EN-DC):

2>
if the RRCReconfiguration message was received via E-UTRA SRB1 as specified in TS 36.331 [10]:

3>
submit the RRCReconfigurationComplete via E-UTRA embedded in E-UTRA RRC message RRCConnectionReconfigurationComplete as specified in TS 36.331 [10];

3>
if reconfigurationWithSync was included in spCellConfig of an SCG:

4>
initiate the Random Access procedure on the SpCell, as specified in TS 38.321 [3];
3>
else:

4>
the procedure ends;

NOTE 1:
The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is left to UE implementation.

……

1>
else if the RRCReconfiguration message was received within the nr-SCG within mrdc-SecondaryCellGroup (UE in NR-DC, mrdc-SecondaryCellGroup was received in RRCReconfiguration via SRB1):

2>
if reconfigurationWithSync was included in spCellConfig in nr-SCG:

3>
initiate the Random Access procedure on the PSCell, as specified in TS 38.321 [3];
2>
else

3>
the procedure ends;

NOTE 2a:
The order in which the UE sends the RRCReconfigurationComplete message and performs the Random Access procedure towards the SCG is left to UE implementation.


· Step-3: If RACH on PSCell is successful, UE will stop T304, and the initial UL sync in target SCG is successful;
	1>
if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above;

2>
stop timer T304 for that cell group;


· Step-4: If RACH on PSCell is not successful before T304 expires, SCG failure recover procedure will be triggered.
	5.3.5.8.3
T304 expiry (Reconfiguration with sync Failure)

1>
else if T304 of a secondary cell group expires:
2>
release dedicated preambles provided in rach-ConfigDedicated, if configured;

2>
initiate the SCG failure information procedure as specified in subclause 5.7.3 to report SCG reconfiguration with sync failure, upon which the RRC reconfiguration procedure ends;


Observation 2: When the UE fails to synchronize to the expected PSCell, UE will trigger SCG failure recovery procedure. 
Based on the two observations, the procedure can be regarded as the Option 1 provided by RAN4. 

Proposal 2: Clarify that for HO with PSCell the synchronization to the target PSCell failure will trigger SCG failure recovery procedure, which has no impact on the handover procedure. 

Proposal 3: Option 1 provided by RAN4 is in line with RAN2 definition when UE fails to synchronize to the expected PSCell for the HO with SCG/PSCell.
· Option 1: UE performs conventional Rel-15 HO procedure and PSCell addition separately, i.e., UE can handover to the new PCell without PSCell addition.
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1:  Answer the RRC processing delay for request cases of the HO with PSCell as follows:  

	Scenario
	Source PCell
	Target PCell
	Target PSCell
	RRC procedure delay for HO with PSCell

	NR SA to EN-DC
	NR (incl. FR1 and FR2)
	LTE
	NR (incl. FR1 and FR2)
	70ms

	EN-DC to EN-DC
	LTE
	LTE
	NR (incl. FR1 and FR2)
	20ms (in case of the HO command without segmentation transmission)

60ms(in case of the HO command with segmentation)

	NE-DC to NE-DC
	NR FR1
	NR FR1
	LTE
	16ms (in case of the HO command without segmentation transmission)

56ms (in case of the HO command with segmentation)

	NR-DC to NR-DC
	NR FR1
	NR FR1
	NR FR2
	16ms (in case of the HO command without segmentation transmission)

56ms (in case of the HO command with segmentation)


Proposal 2: Clarify that for HO with PSCell the synchronization to the target PSCell failure will trigger SCG failure recovery procedure, which has no impact on the handover procedure. 

Proposal 3: Option 1 provided by RAN4 is in line with RAN2 definition when UE fails to synchronize to the expected PSCell for the HO with SCG/PSCell.

· Option 1: UE performs conventional Rel-15 HO procedure and PSCell addition separately, i.e., UE can handover to the new PCell without PSCell addition.
4 Annex

· 36.331
Table 11.2-1: UE performance requirements for RRC procedures for UEs other than NB-IoT UEs
	Procedure title:
	E-UTRAN -> UE
	UE -> E-UTRAN
	N
	Notes

	RRC Connection Control Procedures

	RRC connection establishment


	RRCConnectionSetup or RRCConnectionResume
	RRCConnectionSetupComplete or RRCConnectionResumeComplete
	15 or 3
	N = 3 applies for the case of reception of RRCConnectionResume if reducedCP-LatencyEnabled is configured, the UE supports reduced CP latency, and the RRC message only includes MAC and PHY (re-)configurations and does not include (re-)configurations of DRX, SPS, SCells, and MIMO. Further, the UL grant is sent using PDCCH DCI format 0 in common search space. In this scenario, the RRC procedure delay can extend beyond the reception of the UL grant, up to 7 ms.

For other cases N = 15 applies.

	RRC connection release
	RRCConnectionRelease
	
	NA


	

	RRC connection re-configuration (radio resource configuration, possibly including configuration of conditional reconfigurations)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	15
	Same requirement is applicable regardless of the number of target candidates being configured, if conditional reconfigurations are included in the message,

	RRC connection re-configuration (measurement configuration)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	15
	

	RRC connection re-configuration (intra-LTE mobility)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	15
	

	RRC connection reconfiguration (SCell addition/release)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	20
	

	RRC connection reconfiguration (SCG establishment/ release, SCG cell addition/ release)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	20
	

	RRC connection re-configuration (NR measurement configuration)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	15
	

	RRC connection reconfiguration (NR SCG establishment/ /modification/release)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	20
	

	RRC connection re-configuration (intra-LTE mobility with NR SCG establishment/ /modification/release)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	20
	

	RRC connection re-configuration
	DLDedicatedMessageSegment
	RRCConnectionReconfigurationComplete
	20+( Nseg

-1)*10
	Nseg

 is number of RRC segments

	RRC connection re-establishment


	RRCConnectionReestablishment
	RRCConnectionReestablishmentComplete
	15
	

	Initial security activation
	SecurityModeCommand
	SecurityModeCommandComplete/SecurityModeCommandFailure
	10
	

	Initial security activation + RRC connection re-configuration (RB establishment)
	SecurityModeCommand, RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	20
	The two DL messages are transmitted in the same TTI

	EDT or transmission using PUR
	RRCEarlyDataComplete or RRCConnectionRelease
	
	NA


	

	Paging
	Paging
	
	NA
	

	RRC connection resume (SCG establishment/ restoration/release)
	RRCConnectionResume
	RRCConnectionResumeComplete
	20
	

	RRC connection resume (MCG SCell addition/restoration/release)
	RRCConnectionResume
	RRCConnectionResumeComplete
	20
	

	RRC connection resume
	DLDedicatedMessageSegment
	RRCConnectionResumeComplete
	20+( Nseg

-1)*10
	Nseg

is number of RRC segments

	Inter RAT mobility

	Handover to E-UTRA
	RRCConnectionReconfiguration (sent by other RAT)
	RRCConnectionReconfigurationComplete
	NA
	The performance of this procedure is specified in TS 45.010 [50] in case of handover from GSM and TS 25.133 [29], TS 25.123 [30] in case of handover from UTRA.

	Handover from E-UTRA
	MobilityFromEUTRACommand
	
	NA
	The performance of this procedure is specified in TS 36.133 [16]

	Handover from E-UTRA to CDMA2000
	HandoverFromEUTRAPreparationRequest (CDMA2000)
	
	NA
	Used to trigger the handover preparation procedure with a CDMA2000 RAT.

The performance of this procedure is specified in TS 36.133 [16]

	Measurement procedures

	Measurement Reporting
	
	MeasurementReport
	NA
	

	Other procedures

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	10/ 80
	N = 80 applies in case the UE has to report at least one of the following UE capabilities.

- MR-DC band combinations.

- NR band combinations

- EUTRA feature sets

	Counter check
	CounterCheck
	CounterCheckResponse
	10
	

	Proximity indication
	
	ProximityIndication
	NA
	

	UE information
	UEInformationRequest
	UEInformationResponse
	15
	

	MBMS counting
	MBMSCountingRequest
	MBMSCountingResponse
	NA
	

	MBMS interest indication
	
	MBMSInterestIndication
	NA
	

	In-device coexistence indication
	
	InDeviceCoexIndication
	NA
	

	UE assistance information
	
	UEAssistanceInformation
	NA
	

	SCG failure information
	
	SCGFailureInformation
	NA
	

	NR SCG failure information
	
	SCGFailureInformationNR
	NA
	

	Sidelink UE information
	
	SidelinkUEInformation
	NA
	

	WLAN Connection Status Reporting
	
	WLANConnectionStatusReport
	NA
	

	PUR Configuration Request
	
	PURConfigurationRequest
	NA
	


· 38.331
Table 12.1-1: UE performance requirements for RRC procedures for UEs

	Procedure title:
	Network -> UE
	UE -> Network
	Value [ms]
	Notes

	RRC Connection Control Procedures

	RRC reconfiguration


	RRCReconfiguration
	RRCReconfigurationComplete
	10
	

	RRC reconfiguration (scell addition/release)
	RRCReconfiguration
	RRCReconfigurationComplete
	16
	

	RRC reconfiguration (SCG establishment/ modification/ release)
	RRCReconfiguration
	RRCReconfigurationComplete
	16
	

	RRC reconfiguration 
	DLDedicatedMessageSegment
	RRCReconfigurationComplete
	16+( Nseg

-1)*10
	Nseg

is number of RRC segments

	RRC setup
	RRCSetup
	RRCSetupComplete
	10
	

	RRC Release
	RRCRelease
	
	NA
	

	RRC re-establishment
	RRCReestablishment
	RRCReestablishmentComplete
	10
	

	RRC resume
	RRCResume
	RRCResumeComplete
	6 or 10
	Value=6 applies for a UE supporting reduced CP latency for the case of RRCResume message only including MAC and PHY configuration, and no DRX, SPS, configured grant, CA or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRCResumeComplete and the data is transmitted over common search space with DCI format 0_0.

In this scenario, the RRC procedure delay [ms] can extend beyond the reception of the UL grant, up to 7 ms.

For other cases, Value = 10 applies.

	RRC resume (MCG SCell addition/restoration/release)
	RRCResume
	RRCResumeComplete
	16
	

	RRC resume (SCG establishment/ restoration/release)
	RRCResume
	RRCResumeComplete
	16
	

	RRC resume
	DLDedicatedMessageSegment
	RRCResumeComplete
	16+( Nseg

-1)*10
	Nseg

is number of RRC segments

	Initial AS security activation
	SecurityModeCommand
	SecurityModeComplete/SecurityModeFailure
	5
	

	Other procedures

	UE assistance information
	
	UEAssistanceInformation
	NA
	

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	80
	

	Counter check
	CounterCheck
	CounterCheckResponse
	5
	

	UE information
	UEInformationRequest
	UEInformationResponse
	15
	

	DL Information transfer MR-DC
	DLInformationTransferMRDC
	
	NA
	The UE shall apply the performance requirements of the RRC message included within the DLInformationTransferMRDC message.

	IAB other information
	
	IABOtherInformation
	NA
	

	Sidelink UE information
	
	SidelinkUEInformationNR
	NA
	


· 36.133
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5.34.1 Introduction

The purpose of inter-RAT handover from E-UTRAN to NR in FR1 is to transfer a connection between the UE and E-
UTRAN to NR in FR1. The handover procedure is initiated from E-UTRAN with a RRC message (MOBILITY FROM
E-UTRA). The procedure is described in in TS 36.331 [2].

5342 Handover delay

‘When the UE receives a RRC message implying inter-RAT handover to the UE shall be ready to start the transmission
of the uplink PRACH channel in NR within Dy ,,4ver S€conds from the end of the last TTI containing the RRC

command. Dy,pgover 18 defined as

Dhandover = TRRC "_procedure_delay + Tinten'uption

Where:

Tinterruntion: it 18 the time between end of the last TTI containing the RRC command on the PDSCH in E-UTRAN
and the time the UE starts transmission of the PRACH in NR, excluding Trrc procedure delay- Linterruption 18 defined in
clause 5.3.4.3.



[image: image9.png]5.3.5 E-UTRAN - NR FR2 Handover
5.3.5.1 Introduction

The purpose of inter-RAT handover from E-UTRAN to NR in FR2 is to transfer a connection between the UE and E-
UTRAN to NR in FR2. The handover procedure is initiated from E-UTRAN with a RRC message (MOBILITY FROM
E-UTRA). The procedure is described in in TS 36.331 [2].

5.3.5.2 Handover delay

‘When the UE receives a RRC message implying inter-RAT handover to the UE shall be ready to start the transmission
of the uplink PRACH channel in NR within Dy ,,40ver S€conds from the end of the last TTI containing the RRC

command. Dy,pgover 18 defined as

Dhandover . TRRC "_procedure_delay + Tinten'uption

Where:

Tinterruntion: it 18 the time between end of the last TTI containing the RRC command on the PDSCH in E-UTRAN
and the time the UE starts transmission of the PRACH in NR, excluding Trrc procedure delay- Linterruption 18 defined in
clause 5.3.5.3.






· 38.133
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6.1.2.1.1 Introduction

The purpose of inter-RAT handover from NR to E-UTRAN is to change the radio access mode of PCell from NR to E-
UTRAN. The handover procedure is initiated from NR with a RRC message that implies a handover as described in TS
38.331 [2]. The requirements in this clause are applicable to SA NR, NE-DC and NR-DC, and to handover from SA NR
cell in a carrier frequency with CCA to E-UTRAN.

6.1.21.2 Handover delay

‘When the UE receives a RRC message implying handover to E-UTRAN the UE shall be ready to start the transmission
of the uplink PRACH channel in E-UTRA within Dy,,40ve ms from the end of the last TTI containing the RRC

command. Dy,pgover 18 defined as

Dhandover = TRRC "_procedure_delay + Tinte[rupt

Where:

Tinterruot: 1t 18 the time between end of the last TTI containing the RRC command on the NR PDSCH and the time the UE
starts transmission of the PRACH in E-UTRAN, excluding Trrc procedure_delay- Linterrupt 1S defined in clause 6.1.2.1.3.






