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1. Introduction
In RAN4 #104-bis-e meeting, the WF[1] for NTN RRM was agreed, but there are still some open issues not fully addressed as followings,
	Issue 7: Configuration of HO aspects for HO TC
Agreement
· Further discuss and conclude on the following in RAN4#105:
· RAN4 to decide the best way to deal with the additional delay introduced in the CHO procedure for NTN caused by the cases where the UE has to wait for the epoch time to be reached or re-acquire a new ephemeris information.
· If the UE needs to re-acquire ephemeris information, the handover delay requirements and the time interruption requirements must be extended to account for that.

Issue 8: Configuration of CHO aspects for CHO TC
Agreement
· Further discuss and conclude on the following in RAN4#105:
· RAN4 to decide the best way to deal with the additional delay introduced in the CHO procedure for NTN caused by the cases where the UE has to wait for the epoch time to be reached or re-acquire a new ephemeris information.
· If the UE needs to re-acquire ephemeris information, the handover delay requirements and the time interruption requirements must be extended to account for that.



RAN2 also sent reply LS R2-2210866 to RAN4 for relaxed measurement, and following RAN2 conclusions need to be confirmed.
	1. Overall Description:
RAN2 thanks RAN4 for the LS on network indication for applying enhanced cell reselection requirements.
On enhanced measurement requirements for LEO, RAN2 has agreed to introduce new indication in SIB1.
On relaxed measurements for GEO, RAN2 has agreed to reuse the existing relaxed measurement configuration in SIB2 (parameter relaxedMeasurement). RAN2 understands the relaxed measurements only apply to GSO neighbour cells and can only be configured by GSO serving cell, and kindly asks RAN4 to confirm this understanding.
For both features, the UE capability has been captured in TS 38.306 as optional without capability signalling, in correspondence with feature groups 25-4 and 25-6 of the RAN4 feature list.
2. Actions:
To RAN4:
RAN2 respectfully asks RAN4 to take the above information into account, and provide feedback if RAN2 understanding is incorrect.



In this contribution, we discuss the above open issues for time uncertainty to wait for the epoch time and discuss the RAN2 conclusion in the LS for further confirmation.
2. Discussion 
Open issue 7 and 8: Time uncertainty to wait for the epoch time

In last meeting, companies in RAN4 mentioned that during the HO or CHO, UE may need to wait for the epoch time, and then it can use the ephemeris information and common TA of neighbor cell for HO/CHO. In RAN2 there was some agreement in last meeting as well, duplicated below,

	RAN2 #119-bis-e
1.	If both epoch time for serving cell and epoch time for neighbor cell are absent, the epoch time for neighbor cell is the implicit serving cell epoch time, i.e. the end of SI window where this SIB19 is scheduled. (no spec impact)
2.	if epoch time for neighbor cell is absent, and the serving cell epoch time is reused for neighbor cell, UE considers the indicated SFN to be current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received. (implication of the agreement to include in epochTime field description the interpretation of the SFN indicating the epoch time for serving cell and neighbor cell, no other spec impact).
3.	In case of HO, the UE considers the target cell epoch time (i.e., indicated explicitly by a SFN and subframe number) to be the frame nearest to the target cell’s frame where the message indicating the Epoch time is received. (to be captured in epochTime field description)
4.	In case of CHO, the UE considers the target cell epoch time (i.e., indicated explicitly by a SFN and subframe number) to be the frame nearest to the target cell’s frame where the message indicating the Epoch time is received. (to be captured in epochTime field description)
5.	NW provides target cell validity duration in dedicated configuration by NW implementation (no spec impact)
6.	When initiating the re-establishment procedure due to HO failure, UE does not stop the current T430 (no spec change; proposal in R2-2209528 regarding T430 stop upon RRC re-establishment is not pursued)
7.	RAN2 to update the start and stop conditions in the timer table for T430 (FFS exact wording)
Agreements online:
1.	Whether the UE uses the target cell NTN-config in NTN-neighcellconfig-r17 IE from source cell SIB19 for HO or CHO is up to UE implementation (FFS on spec impact)
2. It’s up to UE implementation what to do with T430 when going to IDLE.



The epoch time is specified as following in TS38.331.
	epochTime
Indicate the epoch time for the NTN assistance information. When explicitly provided through SIB, or through dedicated signaling, EpochTime is the starting time of a DL sub- frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point. If this field is absent, the epoch time is the end of SI window where this SIB19 is scheduled. This field is mandatory present when provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time from the serving satellite ephemeris, otherwise the field is based on the timing of the serving cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub- frame of the serving cell. In case of handover, this field is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell. This field is excluded when determining changes in system information, i.e. changes to epochTime should neither result in system information change notifications nor in a modification of valueTag in SIB1.



Thus, during the HO/CHO, UE needs to acquire the SFN/sub-frame timing information of target cell and then UE can determine when the epoch time starts for target cell. However, in previous RAN4 discussion, UE is expected to have all information of target satellite during the HO without blindly reading the SI of target cell. RAN4 agreed in RAN4#102e meeting that,
	Issue 1-6-1: If valid neighbour/target cell’s timing information in terms of validity or accuracy is not provided to UE,
Agreement:
· Define “availability of valid target satellite information as side condition” 
· Parameters listed in R2-2201884 are defined as the required target satellite information for measurement and mobility.
· For measurement
· Ephemeris
· Epoch time
· SMTCs
· DL polarization information
· Serving cell stop time and reference location for IDLE mode measurement trigger in NGSO fixed cell, if applicable
· Under RAN1 discussion: 
· Feeder link delay (i.e., common TA and K_MAC) of the neighbor cell should also be provided to UE for neighbor cell SMTC adjustment
· separate validity timers
· For mobility
· Target cell Ephemeris information
· Epoch time of the ephemeris
· Common TA
· Validity timer information for target cell mobility
· DL and UL Polarization information
· K_offset
· Kmac (to determine UE-gNB RTT and perform RACH to target)
· If the side condition is not met,
· Requirements are not applied, i.e. extra delay won’t be explicitly defined
· Note: UE is allowed not to perform RRM measurement [and reporting] if the side condition is not met before acquiring new ephemeris information


 
The valid ephemeris information and common TA will be also used for DL synchronization/measurement and mobility, and therefore, if the target cell’s SFN/subframe information is unknown to the UE to determine the epoch timing, that means UE cannot use the ephemeris information and common TA for target cell synchronization/measurement, and therefore it cannot be guaranteed that UE can acquire the SI from target cell.

Observation: During HO/CHO, if the target cell’s SFN/subframe information is unknown to the UE to determine the epoch timing (then ephemeris information and common TA cannot be used), UE may not be able to perform successful DL synchronization of target cell as well as the SI reading.

Before defining the requirement from issue 7 and 8 in last meeting, we think RAN4 needs to first check with RAN2 on how UE can acquire the target cell SFN/sub-frame timing from its old serving cell.

Proposal 1: RAN4 to send LS to RAN2 to ask how UE can determine the target cell SFN/sub-frame timing for epoch time from its old serving cell in case of HO or CHO.

Discussion on RAN2 LS R2-2210866

Regarding existing relaxed measurement configuration in SIB2 (parameter relaxedMeasurement), there actually are two relaxation criteria in the TS38.331, duplicated below,

	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
    ]],
    [[
    cellEquivalentSize-r17                  INTEGER(2..16)                                  OPTIONAL,       -- Cond HSDN
relaxedMeasurement-r17                  SEQUENCE {
        stationaryMobilityEvaluation-r17        SEQUENCE {
            s-SearchDeltaP-Stationary-r17           ENUMERATED {dB2, dB3, dB6, dB9, dB12, dB15, spare2, spare1},
            t-SearchDeltaP-Stationary-r17           ENUMERATED {s5, s10, s20, s30, s60, s120, s180, s240, s300, spare7, spare6, spare5,
                                                                spare4, spare3, spare2, spare1}
        },
        cellEdgeEvaluationWhileStationary-r17   SEQUENCE {
            s-SearchThresholdP2-r17                 ReselectionThreshold,
            s-SearchThresholdQ2-r17                 ReselectionThresholdQ                   OPTIONAL        -- Need R
        }                                                                                   OPTIONAL,       -- Need R
        combineRelaxedMeasCondition2-r17        ENUMERATED {true}                           OPTIONAL        -- Need R
    }                                                                                       OPTIONAL        -- Need R



In our view, the previous discussion on measurement relaxation for NTN is based on R16 power saving feature rather than R17, but the “existing relaxed measurement configuration” in RAN2 reply LS is not very clear. We propose to clarify to RAN2 that the measurement relaxation for NTN is based on R16 relaxation criteria.

Proposal 2: On relaxed measurements for GEO, RAN4 agrees to reuse the existing R16 relaxed measurement configuration in SIB2 (parameter relaxedMeasurement-r16).

RAN2 LS also stated that RAN2 understands the relaxed measurements only apply to GSO neighbour cells and can only be configured by GSO serving cell, and kindly asks RAN4 to confirm this understanding. Even though RAN4 has not explicit discussion about the limitation of serving cell type, it will make more sense to only let GSO serving cell configure relaxation criteria (non-GSO serving cell is moving and mobility is more sensitive), and it was also RAN4 agreement before,

R4-2202637
Issue 3-2-1: Measurement Relaxation
Agreement:
· No measurement relaxation for NTN UE in LEO.
· FFS on whether to consider measurement relaxation for NTN UE in GEO.
R4-2207114
Issue 3-2-1: Measurement Relaxation
Agreement:
· Reuse current TN measurement relaxation for NTN UE in GEO
Moreover, in R4-2210610, it was agreed that

Issue 3-1-3: Capability on the number of Measurement Carriers/Cells/SSBs
Agreement:
· UE capability for the number of target satellites the UE can monitor per carrier including serving LEO satellite shall not be larger than 4
Agreement:
· Agreements on number of NTN and TN carriers UE needs to monitor doesn’t introduce TN-NTN RRM requirements.  NTN UE mobility within FR1 between NTN and TN shall be precluded
Thus, the relaxation criteria is either not configured by a TN serving cell for NTN neighbor cell measurement relaxation.

Proposal 3: RAN4 to confirm that the NTN relaxed measurements only apply to GSO neighbour cells and can only be configured by GSO serving cell.
3. Conclusion
In this contribution, we discuss the above open issues for time uncertainty to wait for the epoch time and discuss the RAN2 conclusion in the LS for further confirmation.
Observation: During HO/CHO, if the target cell’s SFN/subframe information is unknown to the UE to determine the epoch timing (then ephemeris information and common TA cannot be used), UE may not be able to perform successful DL synchronization of target cell as well as the SI reading.

Proposal 1: RAN4 to send LS to RAN2 to ask how UE can determine the target cell SFN/sub-frame timing for epoch time from its old serving cell in case of HO or CHO.

Proposal 2: On relaxed measurements for GEO, RAN4 agrees to reuse the existing R16 relaxed measurement configuration in SIB2 (parameter relaxedMeasurement-r16).

Proposal 3: RAN4 to confirm that the NTN relaxed measurements only apply to GSO neighbour cells and can only be configured by GSO serving cell.
References
[1] R4-2217174, WF on NR NTN RRM requirements, Qualcomm, RAN4 #104-bis-e.

