3GPP TSG RAN WG2 #116-e
R2-2110275
Online, 1 - 12 Nov, 2021
Source: 
Huawei, HiSilicon
Title: 
Discussion on cell reselection
Agenda Item:
8.10.3.2
Document for:
Discussion and decision

1 Introduction
In RAN2#115-e meeting, some agreements for cell reselection in quasi-earth fixed case have been made as below:
Agreements via email - from offline 108:

1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

Agreements via email - from offline 108 third round:

1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.

2. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.

3. For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

Working Assumption:

1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.
In this contribution, we further discuss other optimizations for cell reselection in NTN.
2 Discussion
2.1 Time based cell reselection
In the last meeting, for quasi-earth fixed cell, RAN2 has agreed that UE should start measurements on neighbour cells before the serving cell stops covering the current area.

In NTN, we think there are also intra-frequency, inter-frequency and inter-RAT neighbour cells in the NTN network. In our understanding, for quasi-earth fixed cell, the serving cells will stop covering the current areas at the broadcast stop time. Therefore we think the UE should measure all the neighbour cells in SIB including intra/inter frequency and inter-RAT. 
Proposal 1: UE should start measurements on all neighbour cells in SIB before the broadcast stop time of the serving cell
In R15, after the measurements, the UE decides whether to reselect to other neighbour cells based on the cell reselection criteria. The cell reselection criteria is based on the priority and the quality. 
In NTN, one important point is to reduce the power consumption of the UE. We think the UE should not reselect to one cell which will also soon stop covering the current area. Therefore we think the cell reselection criteria should consider the remaining valid time of the candidate neighbour cells.
Proposal 2: The cell reselection criteria needs to consider the remaining valid time of the neighbour cells.
In the email discussion [1] in the last meeting, there are some options to prioritize cells with longer serving time.
	· Option 1: A threshold of the serving time ThreshServingtTime is broadcast in system information. A cell selection time criterion T-criterion is defined: TServingTime > ThreshServingTime. UE will only rank cells fulfills T-criterion and cell selection criterion S during cell reselection evaluation so that cells with valid time shorter than this threshold will be excluded. 

· Option 2: A threshold of the serving time ThreshServingtTime is broadcast in system information along with QoffsetTime as adjustment to cell-ranking criterion Rs for serving cell and Rn for neighboring cells so that cells with serving time longer than the threshold will get a bonus:

Rs = Qmeas,s +Qhyst - Qoffsettemp+QoffsetTime
Rn = Qmeas,n -Qoffset - Qoffsettemp+QoffsetTime
· Option 3: A threshold of the serving time ThreshServingtTime is broadcast in system information along with CellReselectionPriorityOffset as adjustment to the cell reselection priority so that the cells with serving time longer than the threshold will be further prioritized.

· Option 4: A rangeToBestCellNTN is broadcast in system information. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within range to best cell of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.




According to the summary of the rapporteur, the option 4 has the most supporters. Therefore we think option 4 can be supported.

Proposal 3: If there are multiple candidate cells whose R value is within rangeToBestCell of the R value of the highest ranked cell, then UE performs cell reselection to the cell with longest serving time.
In the last meeting, RAN2 has agreed that the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area. According to the running CR of 38.331, the timing information is defined as the UTC time.
-- ASN1START

-- TAG-SIB2-START

SIB2 ::=                            SEQUENCE {

    cellReselectionInfoCommon           SEQUENCE {

        nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)          OPTIONAL,       -- Need S

        absThreshSS-BlocksConsolidation     ThresholdNR                                     OPTIONAL,       -- Need S

        rangeToBestCell                     RangeToBestCell                                 OPTIONAL,       -- Need R

        q-Hyst                              ENUMERATED {

                                                dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10,

                                                dB12, dB14, dB16, dB18, dB20, dB22, dB24},

        speedStateReselectionPars           SEQUENCE {

            mobilityStateParameters             MobilityStateParameters,

            q-HystSF                        SEQUENCE {

                sf-Medium                       ENUMERATED {dB-6, dB-4, dB-2, dB0},

                sf-High                         ENUMERATED {dB-6, dB-4, dB-2, dB0}

            }

        }                                                                                   OPTIONAL,       -- Need R

    ...

    },

    cellReselectionServingFreqInfo      SEQUENCE {

        s-NonIntraSearchP                   ReselectionThreshold                            OPTIONAL,       -- Need S

        s-NonIntraSearchQ                   ReselectionThresholdQ                           OPTIONAL,       -- Need S

        threshServingLowP                   ReselectionThreshold,

        threshServingLowQ                   ReselectionThresholdQ                           OPTIONAL,       -- Need R

        cellReselectionPriority             CellReselectionPriority,

        cellReselectionSubPriority          CellReselectionSubPriority                      OPTIONAL,       -- Need R

        ...

    },

    intraFreqCellReselectionInfo        SEQUENCE {

        q-RxLevMin                          Q-RxLevMin,

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

        q-QualMin                           Q-QualMin                                       OPTIONAL,       -- Need S

        s-IntraSearchP                      ReselectionThreshold,

        s-IntraSearchQ                      ReselectionThresholdQ                           OPTIONAL,       -- Need S

        t-ReselectionNR                     T-Reselection,

        frequencyBandList                   MultiFrequencyBandListNR-SIB                    OPTIONAL,       -- Need S

        frequencyBandListSUL                MultiFrequencyBandListNR-SIB                    OPTIONAL,       -- Need R

        p-Max                               P-Max                                           OPTIONAL,       -- Need S

        smtc                                SSB-MTC                                         OPTIONAL,       -- Need S

        ss-RSSI-Measurement                 SS-RSSI-Measurement                             OPTIONAL,       -- Need R

        ssb-ToMeasure                       SSB-ToMeasure                                   OPTIONAL,       -- Need S

        deriveSSB-IndexFromCell             BOOLEAN,

        ...,

        [[

        t-ReselectionNR-SF                  SpeedStateScaleFactors                          OPTIONAL        -- Need N

        ]],

        [[

        smtc2-LP-r16                        SSB-MTC2-LP-r16                                 OPTIONAL,        -- Need R

        ssb-PositionQCL-Common-r16          SSB-PositionQCL-Relation-r16                    OPTIONAL         -- Cond SharedSpectrum

        ]]

    },

    ...,

    [[

    relaxedMeasurement-r16              SEQUENCE {

        lowMobilityEvaluation-r16           SEQUENCE {

            s-SearchDeltaP-r16                  ENUMERATED {

                                                    dB3, dB6, dB9, dB12, dB15,

                                                    spare3, spare2, spare1},

            t-SearchDeltaP-r16                  ENUMERATED {

                                                    s5, s10, s20, s30, s60, s120, s180,

                                                    s240, s300, spare7, spare6, spare5,

                                                    spare4, spare3, spare2, spare1}

        }                                                                                   OPTIONAL,       -- Need R

        cellEdgeEvaluation-r16              SEQUENCE {

            s-SearchThresholdP-r16              ReselectionThreshold,

            s-SearchThresholdQ-r16              ReselectionThresholdQ                       OPTIONAL        -- Need R

        }                                                                                   OPTIONAL,       -- Need R

        combineRelaxedMeasCondition-r16     ENUMERATED {true}                               OPTIONAL,       -- Need R

        highPriorityMeasRelax-r16           ENUMERATED {true}                               OPTIONAL        -- Need R

    }                                                                                       OPTIONAL        -- Need R

    ]],

  [[

   t-Service-r17                           INTEGER (0..549755813887)                       OPTIONAL       -- Need R

  ]]
}

	t-ReselectionNR-SF

Parameter "Speed dependent ScalingFactor for TreselectionNR" in TS 38.304 [20]. If the field is absent, the UE behaviour is specified in TS 38.304 [20].

	t-Service 

Indicates the time information on when a cell is going to stop serving the area it is currently covering..

	threshServingLowP

Parameter "ThreshServing, LowP" in TS 38.304 [20].

	threshServingLowQ

Parameter "ThreshServing, LowQ" in TS 38.304 [20].

	t-SearchDeltaP

Parameter "TSearchDeltaP" in TS 38.304 [20]. Value in seconds. Value s5 means 5 seconds, value s10 means 10 seconds and so on.


In our understanding, the t-Service in the running CR is designed in the same format as timeInfoUTC in SIB9. 
-- ASN1START

-- TAG-SIB9-START

SIB9 ::=                            SEQUENCE {

    timeInfo                            SEQUENCE {

        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R

        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R

        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R

    }                                                                               OPTIONAL,   -- Need R

    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,

    ...,

     [[

    referenceTimeInfo-r16           ReferenceTimeInfo-r16                           OPTIONAL    -- Need R

    ]]

}

-- TAG-SIB9-STOP

-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.


Therefore we think the t-Service is the number of UTC seconds in 10ms units since 00:00:00 on Gregorian calendar date 1 January, 1900. But in our understanding, the time when a cell stops covering the current area may not be the same as the t-Service which is in 10ms units. RAN2 has agreed that the UE should start measurements on neighbour cells before the broadcast stop time of the serving cell and the exact time to start measurements is up to UE implementation. Therefore we think the t-Service should be UTC time in 10ms units which is early or equal to the time when the cell is going to stop serving the area.

Proposal 4: The t-Service should be UTC time in 10ms units which is early or equal to the time when the cell is going to stop serving the area.
2.2 Location based cell reselection
In the last meeting, there is one working assumption about the location based cell reselection.
Working Assumption:

1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.
According to the discussion in the last meeting, some companies have concern on the increased power consumption due to the location acquisition. Therefore RAN2 decides that the UE will not trigger the location acquisition only for the location based cell reselection. In our understanding, the working assumption can reduce the power consumption of the measurement for UEs in RRC_IDLE. Also RAN2 has agreed to introduce the location based CHO. We think it is easy to support the location based cell reselection. Therefore we think the working assumption can be upgraded to an agreement.

Proposal 5: Turn the WA of location assisted cell reselection into an agreement.
In R15 NR cell reselection, RAN2 specified some measurement rules for the intra-frequency measurement, inter-frequency and inter-RAT measurement based on the quality and the priority. 
In NTN, considering the fuzzy RSRP/RSRQ difference in an NTN cell, we think the location information can be used to trigger the measurement. For example the UE will only trigger the measurement of neighbour cells if the distance between the UE and the reference point is larger than one threshold.
Proposal 6: Introduce the location based measurement rule.
After the measurements, the UE need to decide whether to reselect to other neighbour cells. In R15, it is based on the cell reselection criteria. The cell reselection criteria only consider the priority and the quality. In the discussion [1] of the last meeting, there are several options.
	· Option 1: Configure a threshold of the distance between UE and the reference location and only neighbor cells with distance shorter than the threshold will be considered during cell reselection.

· Option 2: Configure a threshold of the distance between UE and the reference location along with an adjustment to the cell reselection priority or Qoffset. Cells with shorter distance between the serving satellite and UE will get a bonus in determination of the reselection priority or R-value calculation.

· Option 3: Configure a rangeToBestCellNTN, cells with R-value within this range will be considered as candidate cells for reselection while UE will re-select to the cell with shortest distance between the reference location and UE.


According to the summary of the rapporteur, the option 1 has the most supporters. Therefore we think option 1 can be adopted.

Proposal 7: Adopt the option 1: Configure a threshold of the distance between UE and the reference location and only neighbour cells with distance shorter than the threshold will be considered during cell reselection as the location based cell reselection criteria
3 Conclusion

In this contribution, we discuss some details about cell reselection in NTN and have the following proposals:

Proposal 1: UE should start measurements on all neighbour cells in SIB before the broadcast stop time of the serving cell
Proposal 2: The cell reselection criteria needs to consider the remaining valid time of the neighbour cells.
Proposal 3: If there are multiple candidate cells whose R value is within rangeToBestCell of the R value of the highest ranked cell, then UE performs cell reselection to the cell with longest serving time.
Proposal 4: The t-Service should be UTC time in 10ms units which is early or equal to the time when the cell is going to stop serving the area.
Proposal 5: Turn the WA of location assisted cell reselection into an agreement.
Proposal 6: Introduce the location based measurement rule.
Proposal 7: Adopt the option 1: Configure a threshold of the distance between UE and the reference location and only neighbour cells with distance shorter than the threshold will be considered during cell reselection as the location based cell reselection criteria
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