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1 Introduction

The scenario of inter-RAT mobility from LTE to NR was discussed during the last RAN2 meeting, companies shared different views on whether/how to handle the case that the target NR cell is a legacy cell [1]. It was agreed that in case the target NR cell is a legacy cell, the RedCap UE should trigger RRC re-establishment, but the spec impact is for further study.
Agreements online:

1. For the LTE to NR handover, in case the target NR cell is a legacy cell, the RedCap UE should trigger RRC re-establishment procedure. FFS any specification impact or purely leave to implementation

In this contribution, we further discuss the issue of inter-RAT HO to legacy NR cells and investigate possible solutions.
2 Discussion
During previous discussions, one view for the LTE to NR HO issue is that the RRC configuration provided by the legacy NR cell is likely to exceed the RedCap UE capability, which cannot be complied by the UE, thus resulting in RRC connection re-establishment based on the current spec. However, in our view, the case that the RRC configuration by legacy NR cell can be complied by the RedCap UE is also possible and may become more frequent/common as the number of commercial RedCap UEs increases in the feature. Such a case, once it occurs, will cause the RedCap UE to be handed over to a legacy NR cell, which leads to service problems and contradicts previous agreements. Considering that the current spec does not cover this case, we think solutions need to be discussed and specified.
Observation 1: For the inter-RAT mobility from LTE to NR, based on the current spec, the RedCap UE will be handed over to a legacy NR cell in the case that the configuration by the target cell can be complied by the UE, which causes problems and should be avoided.

One straightforward way is to update the LTE network specifically for RedCap such that the source LTE cell can identify RedCap UEs and accordingly select a suitable target NR cell. However, we think this solution is unrealistic considering the standard workload and the practical deployment complexity and cost.
Besides, the network implementation solution does not work either since the legacy eNB cannot identify RedCap UEs or RedCap-supporting gNBs while the legacy gNB cannot accurately identify and reject the handover of RedCap UEs.
Therefore, standardized solutions are needed. As discussed in the last meeting, in our view, there can be two options:

· Option 1

The target NR cell, which supports RedCap and accepts the access of this UE by considering its cell barring status for 1RX and/or 2RX UE, adds a new indication in the RRC reconfiguration message sent to the UE during the handover procedure. The UE checks whether the new indication is included in the configuration generated by the target cell and then:
· triggers RRC re-establishment if the indication is absent;
· continues the handover procedure as legacy if the indication is present.
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Fig.1 Examples of HO procedures for Option 1
This option has no impact on legacy eNBs/gNBs or UEs. Only RedCap-supporting gNBs and UEs perform the above simple extra steps during the LTE to NR handover procedure. Besides, this option can terminate the incorrect handover before RedCap UEs start to access or switch to legacy NR cells, thus there is no unnecessary RA for UEs and legacy NR cells will not be affected by such incorrect RA, which can reduce the handover failure processing delay and let the UE to perform re-establishment as early as possible.
A text proposal for Option 1 is provided in Section 5.
· Option 2

The RedCap UE first performs handover as legacy without knowledge on the type of the target NR cell. Then the RedCap UE checks whether the target NR cell supports RedCap after synchronizing with the target cell and receiving the SIB1 of the target cell. A possible way is:
· If the SIB1 broadcast by the target cell contains RedCap specific IFRI (intraFreqReselectionRedCap-r17), the target NR cell supports RedCap and the UE can work in this cell;
· Else, the target NR cell is a legacy cell that does not support RedCap, thus the UE triggers RRC re-establishment.
Another UE implementation way is: If SIB1 is included in the HO command of target cell, UE can determine whether the target cell supporting RedCap or not (e.g. by intraFreqReselectionRedCap-r17).

· If the target NR cell supports RedCap and the UE can work in this cell;
· Else, the target NR cell is a legacy cell that does not support RedCap, thus the UE triggers RRC re-establishment.
A text proposal for Option 2 is provided in Section 6.

Comparing the two options, Option 1 can prevent the RedCap UE from performing incorrect handover access to legacy NR cells but has certain spec impacts; Option 2 has less spec impact but the RedCap UE can only determine whether the handover target is appropriate after synchronizing with the target NR cell.

Proposal 1: For the LTE to NR handover to handle the legacy target NR cell, RAN2 to choose between Option 1 and Option 2.
· Option 1: The target NR cell, supporting RedCap and allowing the access of this RedCap UE, adds a new indication in the HO command sent to the RedCap UE. The RedCap UE should trigger RRC re-establishment if the indication is absent. (using TP in section 5)
· Option 2: Add a NOTE in the spec that The UE should trigger RRC re-establishment if the target NR cell does not support RedCap, by considering the configuration (e.g. intraFreqReselectionRedCap-r17) in SIB1 of the target cell. (using TP in section 6)
3 Conclusion

In this paper, we discuss the issue of inter-RAT HO from LTE to legacy NR and propose two solutions for ensuring that RedCap UEs are not handed over to legacy NR cells. Observations and proposals are summarized as follows.
Observation 1: For the inter-RAT mobility from LTE to NR, based on the current spec, the RedCap UE will be handed over to a legacy NR cell in the case that the configuration by the target cell can be complied by the UE, which causes problems and should be avoided.

Proposal 1: For the LTE to NR handover to handle the legacy target NR cell, RAN2 to choose between Option 1 and Option 2.
· Option 1: The target NR cell, supporting RedCap and allowing the access of this RedCap UE, adds a new indication in the HO command sent to the RedCap UE. The RedCap UE should trigger RRC re-establishment if the indication is absent. (using TP in section 5)

· Option 2: Add a NOTE in the spec that The UE should trigger RRC re-establishment if the target NR cell does not support RedCap, by considering the configuration (e.g. intraFreqReselectionRedCap-r17) in SIB1 of the target cell. (using TP in section 6)
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5 Option 1: TP on TS 38.331 v16.7.0

5.3
Connection control

5.3.5
RRC reconfiguration

5.3.5.3
Reception of an RRCReconfiguration by the UE

The UE shall perform the following actions upon reception of the RRCReconfiguration, or upon execution of the conditional reconfiguration (CHO or CPC):

1>
if the UE is a RedCap UE, the RRCReconfiguration includes the reconfigurationWithSync in spCellConfig of an MCG and the RRCReconfiguration is received via E-UTRA:

2>
if the RRCReconfiguration does not include the redCapSuppotCell:
3>
initiate the connection re-establishment procedure as specified in clause 5.3.7, upon which the connection reconfiguration procedure ends;

1>
if the RRCReconfiguration is applied due to a conditional reconfiguration execution upon cell selection performed while timer T311 was running, as defined in 5.3.7.3:

2>
remove all the entries within VarConditionalReconfig, if any;

1>
if the RRCReconfiguration includes the daps-SourceRelease:

2>
reset the source MAC and release the source MAC configuration;

2>
for each DAPS bearer:

3>
release the RLC entity or entities as specified in TS 38.322 [4], clause 5.1.3, and the associated logical channel for the source SpCell;

3>
reconfigure the PDCP entity to release DAPS as specified in TS 38.323 [5];

2>
for each SRB:

3>
release the PDCP entity for the source SpCell;

3>
release the RLC entity as specified in TS 38.322 [4], clause 5.1.3, and the associated logical channel for the source SpCell;

2>
release the physical channel configuration for the source SpCell;

2>
discard the keys used in the source SpCell (the KgNB key, the KRRCenc key, the KRRCint key, the KUPint key and the KUPenc key), if any;

1>
if the RRCReconfiguration is received via other RAT (i.e., inter-RAT handover to NR):

2>
if the RRCReconfiguration does not include the fullConfig and the UE is connected to 5GC (i.e., delta signalling during intra 5GC handover):

3>
re-use the source RAT SDAP and PDCP configurations if available (i.e., current SDAP/PDCP configurations for all RBs from source E-UTRA RAT prior to the reception of the inter-RAT HO RRCReconfiguration message);

6.3.2
Radio resource control information elements

–
CellGroupConfig
The CellGroupConfig IE is used to configure a master cell group (MCG) or secondary cell group (SCG). A cell group comprises of one MAC entity, a set of logical channels with associated RLC entities and of a primary cell (SpCell) and one or more secondary cells (SCells).

CellGroupConfig information element

-- ASN1START

-- TAG-CELLGROUPCONFIG-START

-- Configuration of one Cell-Group:

CellGroupConfig ::=                        SEQUENCE {

    cellGroupId                                CellGroupId,

    rlc-BearerToAddModList                     SEQUENCE (SIZE(1..maxLC-ID)) OF RLC-BearerConfig                        OPTIONAL,   -- Need N

    rlc-BearerToReleaseList                    SEQUENCE (SIZE(1..maxLC-ID)) OF LogicalChannelIdentity                  OPTIONAL,   -- Need N

    mac-CellGroupConfig                        MAC-CellGroupConfig                                                     OPTIONAL,   -- Need M

    physicalCellGroupConfig                    PhysicalCellGroupConfig                                                 OPTIONAL,   -- Need M

    spCellConfig                               SpCellConfig                                                            OPTIONAL,   -- Need M

    sCellToAddModList                          SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellConfig                       OPTIONAL,   -- Need N

    sCellToReleaseList                         SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellIndex                        OPTIONAL,   -- Need N

    ...,

    [[

    reportUplinkTxDirectCurrent                ENUMERATED {true}                                                   OPTIONAL    -- Cond BWP-Reconfig

    ]],

    [[

    bap-Address-r16                            BIT STRING (SIZE (10))                                                  OPTIONAL,   -- Need M

    bh-RLC-ChannelToAddModList-r16             SEQUENCE (SIZE(1..maxBH-RLC-ChannelID-r16)) OF BH-RLC-ChannelConfig-r16 OPTIONAL,   -- Need N

    bh-RLC-ChannelToReleaseList-r16            SEQUENCE (SIZE(1..maxBH-RLC-ChannelID-r16)) OF BH-RLC-ChannelID-r16     OPTIONAL,   -- Need N

    f1c-TransferPath-r16                       ENUMERATED {lte, nr, both}                                              OPTIONAL,   -- Need M

    simultaneousTCI-UpdateList1-r16            SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R

    simultaneousTCI-UpdateList2-r16            SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R

    simultaneousSpatial-UpdatedList1-r16       SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R

    simultaneousSpatial-UpdatedList2-r16       SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R

    uplinkTxSwitchingOption-r16                ENUMERATED {switchedUL, dualUL}                                         OPTIONAL,   -- Need R

    uplinkTxSwitchingPowerBoosting-r16         ENUMERATED {enabled}                                                    OPTIONAL    -- Need R

    ]],

    [[

    reportUplinkTxDirectCurrentTwoCarrier-r16  ENUMERATED {true}                                                       OPTIONAL    -- Need N

    ]]

}

-- Serving cell specific MAC and PHY parameters for a SpCell:

SpCellConfig ::=                        SEQUENCE {

    servCellIndex                       ServCellIndex                                               OPTIONAL,   -- Cond SCG

    reconfigurationWithSync             ReconfigurationWithSync                                     OPTIONAL,   -- Cond ReconfWithSync

    rlf-TimersAndConstants              SetupRelease { RLF-TimersAndConstants }                     OPTIONAL,   -- Need M

    rlmInSyncOutOfSyncThreshold         ENUMERATED {n1}                                             OPTIONAL,   -- Need S

    spCellConfigDedicated               ServingCellConfig                                           OPTIONAL,   -- Need M

    ...

}

ReconfigurationWithSync ::=         SEQUENCE {

    spCellConfigCommon                  ServingCellConfigCommon                                     OPTIONAL,   -- Need M

    newUE-Identity                      RNTI-Value,

    t304                                ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},

    rach-ConfigDedicated                CHOICE {

        uplink                              RACH-ConfigDedicated,

        supplementaryUplink                 RACH-ConfigDedicated

    }                                                                                               OPTIONAL,   -- Need N

    ...,

    [[

    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S

    ]],

    [[

    daps-UplinkPowerConfig-r16      DAPS-UplinkPowerConfig-r16                                      OPTIONAL    -- Need N

    ]],


[[


redCapSupportCell-r17



ENUMERATED {true}












OPTIONAL
   -- Cond E-UTRA-ToNR

]]
}

DAPS-UplinkPowerConfig-r16 ::=      SEQUENCE {

    p-DAPS-Source-r16                   P-Max,

    p-DAPS-Target-r16                   P-Max,

    uplinkPowerSharingDAPS-Mode-r16     ENUMERATED {semi-static-mode1, semi-static-mode2, dynamic }

}

SCellConfig ::=                     SEQUENCE {

    sCellIndex                          SCellIndex,

    sCellConfigCommon                   ServingCellConfigCommon                                     OPTIONAL,   -- Cond SCellAdd

    sCellConfigDedicated                ServingCellConfig                                           OPTIONAL,   -- Cond SCellAddMod

    ...,

    [[

    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S

    ]],

    [[

    sCellState-r16                  ENUMERATED {activated}                                          OPTIONAL,   -- Cond SCellAddSync

    secondaryDRX-GroupConfig-r16    ENUMERATED {true}                                               OPTIONAL    -- Cond DRX-Config2

    ]]}

-- TAG-CELLGROUPCONFIG-STOP

-- ASN1STOP

	ReconfigurationWithSync field descriptions

	……

	rach-ConfigDedicated

Random access configuration to be used for the reconfiguration with sync (e.g. handover). The UE performs the RA according to these parameters in the firstActiveUplinkBWP (see UplinkConfig).

	redCapSupportCell
Indicates whether the target NR PCell supports RedCap.

	smtc

The SSB periodicity/offset/duration configuration of target cell for NR PSCell change and NR PCell change. The network sets the periodicityAndOffset to indicate the same periodicity as ssb-periodicityServingCell in spCellConfigCommon.

For case of NR PCell change, the smtc is based on the timing reference of (source) PCell. For case of NR PSCell change, it is based on the timing reference of source PSCell.

If both this field and targetCellSMTC-SCG are absent, the UE uses the SMTC in the measObjectNR having the same SSB frequency and subcarrier spacing, as configured before the reception of the RRC message.

	……


	Conditional Presence
	Explanation

	BWP-Reconfig
	The field is optionally present, Need N, if the BWPs are reconfigured or if serving cells are added or removed. Otherwise it is absent. 

	DRX-Config2
	The field is optionally present, Need N, if drx-ConfigSecondaryGroup is configured. It is absent otherwise.

	E-UTRA-ToNR
	The field is mandatory present in the case of inter-RAT mobility from E-UTRA to NR PCell supporting RedCap. Otherwise, it is absent, Need N.

	ReconfWithSync
	The field is mandatory present in the RRCReconfiguration message:
-
in each configured CellGroupConfig for which the SpCell changes,

-
in the masterCellGroup:

-
at change of AS security key derived from KgNB,

-
in an RRCReconfiguration message contained in a DLInformationTransferMRDC message,
-
in the secondaryCellGroup at:

-
PSCell addition,

-
SCG resume with NR-DC or (NG)EN-DC,

-
update of required SI for PSCell,

-
change of AS security key derived from S-KgNB in NR-DC while the UE is configured with at least one radio bearer with keyToUse set to secondary and that is not released by this RRCReconfiguration message,
-
MN handover in (NG)EN-DC.
Otherwise, it is optionally present, need M. The field is absent in the masterCellGroup in RRCResume and RRCSetup messages and is absent in the masterCellGroup in RRCReconfiguration messages if source configuration is not released during DAPS handover.

	SCellAdd
	The field is mandatory present upon SCell addition; otherwise it is absent, Need M.

	SCellAddMod
	The field is mandatory present upon SCell addition; otherwise it is optionally present, need M.

	SCellAddSync
	The field is optionally present, Need N, in case of SCell addition, reconfiguration with sync, and resuming an RRC connection. It is absent otherwise.

	SCG
	The field is mandatory present in an SpCellConfig for the PSCell. It is absent otherwise. 


6 Option 2: TP on TS 38.331 v16.7.0

5.4
Inter-RAT mobility

5.4.1
Introduction

Network controlled inter-RAT mobility between NR and E-UTRA is supported, where E-UTRA can be connected to either EPC or 5GC.

5.4.2
Handover to NR

5.4.2.1
General


[image: image3.wmf]U

E

N

e

t

w

o

r

k

R

R

C

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

 

(

s

e

n

t

 

v

i

a

 

o

t

h

e

r

 

R

A

T

)

R

R

C

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

C

o

m

p

l

e

t

e


Figure 5.4.2.1-1: Handover to NR, successful

The purpose of this procedure is to, under the control of the network, transfer a connection between the UE and another Radio Access Network (e.g. E-UTRAN) to NR.

The handover to NR procedure applies when SRBs, possibly in combination with DRBs, are established in another RAT. Handover from E-UTRA to NR applies only after integrity has been activated in E-UTRA.

5.4.2.2
Initiation

The RAN using another RAT initiates the handover to NR procedure, in accordance with the specifications applicable for the other RAT, by sending the RRCReconfiguration message via the radio access technology from which the inter-RAT handover is performed.

The network applies the procedure as follows:

-
to activate ciphering, possibly using NULL algorithm, if not yet activated in the other RAT;

-
to re-establish SRBs and one or more DRBs;

5.4.2.3
Reception of the RRCReconfiguration by the UE

The UE shall:

1>
apply the default L1 parameter values as specified in corresponding physical layer specifications except for the parameters for which values are provided in SIB1;

1>
apply the default MAC Cell Group configuration as specified in 9.2.2;
1>
perform RRC reconfiguration procedure as specified in 5.3.5;

NOTE:
If the UE is connected to 5GC of the source E-UTRA cell, the delta configuration for PDCP and SDAP can be used for intra-system inter-RAT handover. For other cases, source RAT configuration is not considered when the UE applies the reconfiguration message of target RAT.
NOTE:
If the RedCap UE determines the target NR cell does not support RedCap, by considering the configuration (e.g. intraFreqReselectionRedCap-r17) in SIB1 of the target cell, the UE should initiate the connection re-establishment procedure as specified in clause 5.3.7.
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