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1 
Introduction
In RAN4#91 meeting, the potential impacts on RRM due to NR-U was discussed. And the wayforward in which the necessary RAN4 RRM works were agreed [1]. However, one of important RRM aspects for NR-U -the handover requirements was not discussed. Therefore, in this contribution we provided our further considerations on the handover requirements for NR-U. 
2 Discussion
Normally in NR/E-UTRAN RRC_CONNECT state, it configures the UE to report measurements of the candidate target cells before HO request to the target cells. But NR/E-UTRAN may trigger handover without measurement information (blind handover).

2.1. Non-blind Handover 
In figure 1, the normal physical layer procedures of handover (known case) can be illustrated. 
· Step 1) HO preparation: during this phase the tunnel between the serving gNB and target gNB can be established (e.g. N26 or X2 in NR and LTE respectively). And UE will measure the neighbor cells and the serving cell with the measurement configuration IEs (e.g. “MeasObjectNR[2]”).
	MeasObjectNR

The IE MeasObjectNR specifies information applicable for SS/PBCH block(s) intra/inter-frequency measurements or CSI-RS intra/inter-frequency measurements.

MeasObjectNR information element

-- ASN1START

-- TAG-MEAS-OBJECT-NR-START

MeasObjectNR ::=                    SEQUENCE {

    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB

    ……..

-OffsetRangeList,

    cellsToRemoveList                   PCI-List                                                                OPTIONAL,   -- Need N

    cellsToAddModList                   CellsToAddModList                                                       OPTIONAL,   -- Need N

    blackCellsToRemoveList              PCI-RangeIndexList                                                      OPTIONAL,   -- Need N

    blackCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement          OPTIONAL,   -- Need N

    whiteCellsToRemoveList              PCI-RangeIndexList                                                      OPTIONAL,   -- Need N

    whiteCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N

    ... ,

    [[

    freqBandIndicatorNR-v1530               FreqBandIndicatorNR                                     OPTIONAL,   -- Need R

    measCycleSCell-v1530                    ENUMERATED {sf160, sf256, sf320, sf512,sf640, sf1024, sf1280}   OPTIONAL    -- Need R

    ]]

}

………
CellsToAddModList ::=               SEQUENCE (SIZE (1..maxNrofCellMeas)) OF CellsToAddMod

CellsToAddMod ::=                   SEQUENCE {

    physCellId                          PhysCellId,

    cellIndividualOffset                Q-OffsetRangeList

}

-- TAG-MEAS-OBJECT-NR-STOP

-- ASN1STOP




· Step 2) UE report to the measurement results to the serving cell to make HO decision.

· Step 3) if the measured neighbor cell results stratify the HO criteria, the source gNB initiates handover and issues a HANDOVER REQUEST over the Xn interface, in which the target cell’s global ID (e.g. CGI) included.

· Step 4) &5) The target gNB performs admission control and provides the new RRC configuration as part of the HANDOVER REQUEST ACKNOWLEDGE
· Step 6) The source gNB will forward HO command including RRCReconfiguration message received in the HANDOVER REQUEST ACKNOWLEDGE to UE. The RRCReconfiguration message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention-based and contention-free random access can be included in the RRCReconfiguration message. The access information to the target cell may include beam specific information, if any.
· Step 7) Finally when UE received HO command, it tries to synchronized with the target cell via random access procedure. 

[image: image1.emf]UE Serving cell

Neighbor 

cell

T(n)

Tinterruption

_

HO 

+ 

Dhandover

RRC reconfiguration

(measConfig: 

measObject )

1

2

4

5

HO request

(target cell ID)

3

Target cell HO Admission

T(n+k)

HO Command

T(n+i)

6

7

Tsearch

x2


Figure 1. Non-blind HO for NR/LTE
In LTE and NR with the licensed carrier deployments, UE can know the neighbor cell’s frequency and PLMN. For an example, UE know the PLMN of the measured cells with SIB1 of the serving cell. That is UE will only measure the neighbor cells which can allow UE’s access. 

SIB1 message [2]
-- ASN1START

-- TAG-SIB1-START

SIB1 ::=        SEQUENCE {

    cellSelectionInfo                   SEQUENCE {

        q-RxLevMin                          Q-RxLevMin,

        q-RxLevMinOffset                    INTEGER (1..8)                                                      OPTIONAL,   -- Need R

        q-RxLevMinSUL                       Q-RxLevMin                                                          OPTIONAL,   -- Need R

        q-QualMin                           Q-QualMin                                                           OPTIONAL,   -- Need R

        q-QualMinOffset                     INTEGER (1..8)                                                      OPTIONAL    -- Need R

    }                                                                                                           OPTIONAL,   -- Need S

    cellAccessRelatedInfo               CellAccessRelatedInfo,

    connEstFailureControl               ConnEstFailureControl                                                   OPTIONAL,   -- Need R

    si-SchedulingInfo                   SI-SchedulingInfo                                                       OPTIONAL,   -- Need R

    servingCellConfigCommon             ServingCellConfigCommonSIB                                              OPTIONAL,   -- Need R

    ims-EmergencySupport                ENUMERATED {true}                                                       OPTIONAL,   -- Need R

    eCallOverIMS-Support                ENUMERATED {true}                                                       OPTIONAL,   -- Cond Absent

    ue-TimersAndConstants               UE-TimersAndConstants                                                   OPTIONAL,   -- Need R

    uac-BarringInfo                     SEQUENCE {

        uac-BarringForCommon                UAC-BarringPerCatList                                               OPTIONAL,   -- Need S

        uac-BarringPerPLMN-List             UAC-BarringPerPLMN-List                                             OPTIONAL,   -- Need S

        uac-BarringInfoSetList              UAC-BarringInfoSetList,

        uac-AccessCategory1-SelectionAssistanceInfo CHOICE {

            plmnCommon                           UAC-AccessCategory1-SelectionAssistanceInfo,

            individualPLMNList                   SEQUENCE (SIZE (2..maxPLMN)) OF UAC-AccessCategory1-SelectionAssistanceInfo

        }                                                                                                       OPTIONAL
    }                                                                                                           OPTIONAL,   -- Need R

    useFullResumeID                     ENUMERATED {true}                                                       OPTIONAL,   -- Need N

    lateNonCriticalExtension            OCTET STRING                                                            OPTIONAL,

    nonCriticalExtension                SEQUENCE{}                                                              OPTIONAL
}

UAC-AccessCategory1-SelectionAssistanceInfo ::=
ENUMERATED {a, b, c}

-- TAG-SIB1-STOP

-- ASN1STOP

SystemInformationBlockType1 message[3,TS36.331]
-- ASN1START

SystemInformationBlockType1-BR-r13 ::=
SystemInformationBlockType1

SystemInformationBlockType1 ::=

SEQUENCE {


cellAccessRelatedInfo



SEQUENCE {



plmn-IdentityList




PLMN-IdentityList,



trackingAreaCode




TrackingAreaCode,



cellIdentity





CellIdentity,



cellBarred






ENUMERATED {barred, notBarred},



intraFreqReselection



ENUMERATED {allowed, notAllowed},



csg-Indication





BOOLEAN,



csg-Identity





CSG-Identity


OPTIONAL
-- Need OR


},
…..

PLMN-IdentityList ::=




SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=




SEQUENCE {


plmn-Identity






PLMN-Identity,


cellReservedForOperatorUse



ENUMERATED {reserved, notReserved}

}

Observation 1: In LTE and NR with the licensed carrier deployments, UE needs NOT to read the system information of the measured neighbor cells to acquire their PLMN. 

Consequentially the serving gNB will decide to handover the UE to the target gNB based on the measurement report in which PCID in spite of PLMN RRM entity included. Then the handover request will be forwarded to the target cell as well.  
However, in NR-U the carriers within unlicensed band can be un-planned, in which other network nodes can be operated. Thus, when camping on an unlicensed carrier, the serving cell can NOT predict or predefine PLMN of measured neighbor cells. That is UE might have no idea on the PLMN and other priority information of the measured cells via the serving cell’s indication. On the other hand, UE needs to measure all cells occupied in the unlicensed frequency band indeed. For an example, in Figure 2, the following scenario was assumed:

· All cells are in same unlicensed carrier

· UE is allowed to camp or connect in PLMN1,2, but not PLMN3
· PCID of the neighbor cell1 is same as that of the neighbor cell2
· RSRP_n2 > HO_threshold >RSRP_n1 
Thus UE may make a wrong measurement reports to the serving cell because PCID of the neighbor cell1 is same as that of the neighbor cell2. As a result, the serving cell may make wrong HO decision and forward HO request to the cell which has the allowable PLMN(e.g. the neighbor cell 1 in Figure 2). But it is obvious the realistic measurement results of this cell is not satisfied with the HO criteria indeed.
Observation 2: In NR-U,if UE reports the measurement results of all cells in unlicensed frequencies (both intra and inter frequency) without any PLMN, the serving cell may not make a correct HO decision.
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Figure 2. Non-blind HO in NR-U

Therefore, in order to avoid such false HO decision especially in case of NR-U, in which there is highly risky of PCID confliction from the different operators and the existing mechanism to resolve such issue can’t valid (e.g. the barlist or white-list which depend on PCID), it is better to require UE obtain the neighbor cell’s global ID (e.g. PLMN or CGI) via the necessary system information broadcasted by the neighbor cell. Otherwise, the serving cell can’t forward the HO request to the correct target gNB. 
Proposal 1: In NR-U, UE shall obtain the addition system information of the neighbor cells to avoid the ambiguity of the correct target cells during the HO decision and request. 

Then the necessary procedure to verify the target cell’s accessibility can be up to UE or the serving cell. Particularly there are two alternatives below: 
Observation 3a : UE can report neighbor cell’s PLMN information known by UE to the serving cell.  
Observation 3b : UE can also check the target cell’s accessibility autonomously and report the qualified target cells to the serving gNB only.
From RAN4 RRM prospective, the requirements for HO (e.g. Dhandover[4]) can be expressed in terms of handover delay, which is the sum of the RRC procedure delay and the interruption time. This principle applies whether the target cell is known to the UE (referred to as non-blind handover), or unknown (blind handover). The interruption time is defined as the time from the end of the last subframe containing the handover command on the Physical Downlink Shared Channel (PDSCH) from the serving cell and the moment the UE starts transmission on the relevant uplink physical channel in the target cell.  

Observation 4: in RAN4, the start and end pint to define HO delay is the HO request from the serving cell and UE initiating random access respectively.
	6.1
Handover

6.1.1
NR Handover

6.1.1.1
Introduction

The purpose of NR handover is to change the NR PCell to another NR cell. The requirements in this clause are applicable to SA NR, NE-DC and NR-DC.

6.1.1.2
NR FR1 - NR FR1 Handover

The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers from NR FR1 cell to NR FR1 cell.

6.1.1.2.1
Handover delay

Procedure delays for all procedures that can command a handover are specified in TS 38.331 [2].

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command.

Where:

Dhandover equals the maximum RRC procedure delay to be defined in clause12 in TS 38.331 [2] plus the interruption time stated in clause 6.1.1.2.2.

6.1.1.2.2
Interruption time

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + 20+ T∆ ms

Where:

Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = Trs + 2 ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = [3* Trs + 2] ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this section is applied with Trs=[5]ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. 

NOTE 1:
The actual value of TIU shall depend upon the PRACH configuration used in the target cell.

In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.1 for inter-frequency handover.


Thus for the known HO case, as the additional process for NR-U to avoid the ambiguity of target cell accessibility is executed during the measurement on the neighbor cell, which can be happened before the duration to specify the handover interruption delay in RAN4. 

Observation 5: The time to be extended is the neighbor cell detection including the system information acquisition can be out of the duration to specify the handover interruption delay in RAN4.   
Proposal 2: There are little impacts on NR-U HO requirement due to PLMN and other SIB reading but some clarifications on the side conditions.
2.2. Blind Handover in NR 
As in NR, the network does not require measurement reports from target cells for performing a blind handover. This is particularly useful in case of multiple frequency layers, which can only be monitored using the same gap pattern.  In figure 3, the physical layer procedures of blind handover (unknown case) can be illustrated. 

· Step 1) Without the known measurement reporting on the neighbor celss, the source gNB initiates handover and issues a HANDOVER REQUEST over the Xn interface, in which the target cell’s global ID (e.g. CGI) included.

· Step 2) & 3) The target gNB performs admission control and provides the new RRC configuration as part of the HANDOVER REQUEST ACKNOWLEDGE

· Step 4) The source gNB will forward HO command including RRCReconfiguration message received in the HANDOVER REQUEST ACKNOWLEDGE to UE. 

· Step 5) UE will synchronize and measure the target cell in the expected carrier. The cells which belong to other carriers can be excluded by the bar list. 
· Step 6) Finally UE can innate the random access procedure. 
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Figure 3. Blind Handover

As stated for the normal HO case, in NR-U the carriers within unlicensed band can be un-planned, in which other network nodes can be operated. Thus, UE can not exclude the neighbor cells belonging to the other operators not allow this UE’s access by the similar approach for NR and LTE, e.g. white-list or black-list. As a result when the serving cell forward HO command to UE, in which the target cell’s PCID included only but not PLMN, UE will detect and measure all possible cells in the unlicensed band. In case of the conflicting PCID within the neighbor cells, some issues will be happened. For an example, in Figure 4, the following scenario was assumed:

· all cells are in same unlicensed carrier

· UE is allowed to camp or connect in PLMN1,2, but not PLMN3
· PCID of neighbor cell1 is same as that of cell2
· RSRP_n2>RSRP_n1 
UE will detect both the neighbor cell1 and cell2. Given the stronger signal strength from the neighbor cell2, UE can trigger the handover to the wrong neighbor cell1 but eventually failed because of wrong PLMN accessibility. This may lead a huge HO problem.
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Figure 4. Blind HO in NR-u

Observation 6: In NR-U blind HO if the serving cell forward HO command without the PLMN or other CGI, UE needs to search and measure more cells beside the target cell indicated in HO command. And it is highly possible UE handover to the wrong target cell which has a same PCID with the target cell but not PLMN.
Observation 7: In NR-U blind HO in order to avoid the wrong handover, the additional information of the serving cell forward HO command (e.g. the PLMN or other CGI,) is needed. At a same time, UE needs to check the search cell’s PLMN via the SIB reading.
Furthermore, from RAN4 RRM prospectively, we also need to consider the impact on the requirements for HO (Tinterrupt = Tsearch + TIU + 20 ms). As in the blind HO the cell search and measurement procedure after the start point (e.g.HO request), there are different cell search and measurement for NR-U (e.g. the necessary SIB reading ). The time delay defined in NR for Tsearch  shall be restudied.
Observation 8: in RAN4, the requirements for blind HO in NR-U shall count the time for the SIB reading.
Proposal 3: For blind HO, Tsearch shall include SIB reading.
3 Conclusion
In this contribution, the overview of RRM requirements impacts on NR-U HO is provided and the following observations and proposals can be drawn: 
Observation 1: In LTE and NR with the licensed carrier deployments, UE needs NOT to read the system information of the measured neighbor cells to acquire their PLMN.
Observation 2: In NR-U,if UE reports the measurement results of all cells in unlicensed frequencies (both intra and inter frequency) without any PLMN, the serving cell may not make a correct HO decision.
Proposal 1: In NR-U, UE shall obtain the addition system information of the neighbor cells to avoid the ambiguity of the correct target cells during the HO decision and request.

Observation 3a : UE can report neighbor cell’s PLMN information known by UE to the serving cell.  

Observation 3b : UE can also check the target cell’s accessibility autonomously and report the qualified target cells to the serving gNB only.
Observation 4: in RAN4, the start and end pint to define HO delay is the HO request from the serving cell and UE initiating random access respectively.

Observation 5: The time to be extended is the neighbor cell detection including the system information acquisition can be out of the duration to specify the handover interruption delay in RAN4.   
Proposal 2: There are little impacts on NR-U HO requirement due to PLMN and other SIB reading but some clarifications on the side conditions.
Observation 6: In NR-U blind HO if the serving cell forward HO command without the PLMN or other CGI, UE needs to search and measure more cells beside the target cell indicated in HO command. And it is highly possible UE handover to the wrong target cell which has a same PCID with the target cell but not PLMN.
Observation 7: In NR-U blind HO in order to avoid the wrong handover, the additional information of the serving cell forward HO command (e.g. the PLMN or other CGI,) is needed. At a same time, UE needs to check the search cell’s PLMN via the SIB reading.
Observation 8: in RAN4, the requirements for blind HO in NR-U shall count the time for the SIB reading.
Proposal 3: For blind HO, Tsearch shall include SIB reading.
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