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Introduction
RRM accuracy requirements and test cases for NTN are discussed in RAN4#104-e, and the outcomes are captured in [1]. Based on [1], the following issues need to be further discussed.
· Measurement accuracy 
· General test issues (coverage, design, configuration)
In this paper we will provide our views on RRM accuracy requirements and test cases for NTN.
Discussion
Measurement accuracy
	· Issue 1-1: Margin assumption for evaluating measurement accuracy.
· Agreement 
· RAN4 considers propagator model error and timing/frequency error when defining the measurement accuracy.
· FFS on the values of propagator model error and timing/frequency error
· FFS on the definition of propagator model error


It has been agreed that the Es/Iot side condition is same as TN, and one question that needs to be discussed before agreeing to re-use the TN accuracy is whether the time and frequency error during the measurement is large enough to cause accuracy degradation. 
The time and frequency error comes from the so called propagation, i.e. prediction of the location and velocity of the satellite based on the ephemeris. For time error, as UE needs to fulfil Te requirements which are smaller than CP length after taking into account the propagation error, we assume it would not be an issue for measurement. For frequency error, similarly the modulated frequency error at the UE side is 0.1ppm as defined in clause 6.4.1 of 38.101-5. As the requirement is same as TN UE, we assume it implies that NTN UE should be able to estimate the Doppler shift towards a satellite to such an accuracy that it resemble the TN case. In this case, there should be also no or little impacts to measurement. 
Observation 1: The time and frequency errors are bounded by the UE Tx timing and frequency error requirements in clause 7.1C of 38.133 and clause 6.4.1 of 38.101-5.
Based on above, we suggest to re-use the TN accuracy requirements for NTN. 
Proposal 1: Re-use TN measurement accuracy requirements for NTN.
General test issues (coverage, design, configuration)
	· Issue 2-2: Test coverage regarding NTN RRM requirements.
· Agreement:
· Define the following TCs for NTN
· Random access
· PL-RS switching 
· Intra-frequency measurement with gap
· Inter-frequency measurement without gap
· Define the applicability rule to avoid the duplication of test for a UE.
· For NTN capable UE, RAN4 to define test cases for all NTN RRM requirements;
· For TN/NTN capable UE, the UE shall pass the TCs for NTN specific requirements and does not need to pass the TCs for the requirements are the same as TN requirements.


Based on above agreement in [1], RAN4 needs to define applicability rule to avoid test duplication for UE supporting both TN and NTN. One issue here is which TCs are NTN specific. Our view is that
· TCs involving timer and location based measurement trigger in IDLE mode 
· TCs involving timer and location based CHO
· TCs for transmit timing 
· TCs involving measurement with multiple SMTCs/LEO satellites/MGs
· TCs for measurement accuracy 
should be considered as NTN specific since they are to verify those requirements that have unique differences compared to TN. Based on this principle, we have the following proposal.
Proposal 2: The following TCs are considered for NTN specific requirements
· 1-2 – 1-4, 1-6 – 1-8
· 2-3 – 2-6
· 4-1
· 10-1 – 10-9, 11-1 – 11-9
· 13-1 – 13-8
	· Issue 2-5: Serving and Neighbour Satellite configurations.
· Agreement:
· Take option 1 as baseline to further discuss how to configure the satellite parameters.
· Option 1: RAN4 to define the following NTN specific configurations for GEO and LEO at 600km altitude in a common section, which can be referred to from NTN RRM test cases:
· Common configurations for Serving and Neighbor satellites, e.g. 
· SSC.1 and SSC.2 are Serving Satellite Configurations for GSO and NGSO, respectively.
· NSC.1 and NSC.2 are Neighbor Satellite Configurations for GSO and NGSO, respectively.
· FFS  the deployment of quasi-earth fixed cell is assumed for NGSO.
· For each set of configurations, NTN specific parameters in System information shall be included.
· UE specific NTN parameters, if needed, are separately defined.
· Cells belonging to the same satellite can have different parameters for, e.g.
· Koffset, Kmac, beam footprint information, cell service time, etc.
· FFS on exact values and parameters
· The values should be derived based on a realistic satellite constellation with respect to UE position
· In order to alleviate the impact of uncertainty on UE uplink transmission timing due to quantized feeder link delay information, the feeder link delay can be set to zero.
· RAN4 to define the following ephemeris format:
· PVT information;
· Orbital parameters.


RAN4 agreed to model up to 2 satellites per test case (one serving and one neighbor). The configurable parameters for a satellites are copied below. In our understanding, all the parameters under NTN-Config-r17 should be included in the RMC. 
SIB19-r17 ::= SEQUENCE {
[bookmark: OLE_LINK145][bookmark: OLE_LINK143][bookmark: OLE_LINK144]    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
[bookmark: _Hlk94000021]    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R
    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,
    ... ,
    [[
    ntn-NeighCellConfigListExt-v17xx              NTN-NeighCellConfigList-r17                     OPTIONAL       -- Need R

    ]]

}

NTN-Config-r17 ::=             SEQUENCE {
[bookmark: OLE_LINK154][bookmark: OLE_LINK153][bookmark: OLE_LINK167][bookmark: OLE_LINK168]    epochTime-r17                  EpochTime-r17                                                            OPTIONAL,  -- Need R
    ntn-UlSyncValidityDuration-r17 ENUMERATED{ s5, s10, s15, s20, s25, s30, s35,
                                              s40, s45, s50, s55, s60, s120, s180, s240, s900}              OPTIONAL,  -- Cond SIB19
    cellSpecificKoffset-r17        INTEGER(1..1023)                                                         OPTIONAL,  -- Need R
    kmac-r17                       INTEGER(1..512)                                                          OPTIONAL,  -- Need R
    ta-Info-r17                    TA-Info-r17                                                              OPTIONAL,  -- Need R
    ntn-PolarizationDL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R
    ntn-PolarizationUL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R
    ephemerisInfo-r17              EphemerisInfo-r17                                                        OPTIONAL,  -- Need R
    ta-Report-r17                  ENUMERATED {enabled}                                                     OPTIONAL,  -- Need R
    ...
}

EphemerisInfo-r17 ::=          CHOICE {
    positionVelocity-r17           PositionVelocity-r17,
    orbital-r17                    Orbital-r17
}

PositionVelocity-r17 ::=       SEQUENCE {
    positionX-r17                  PositionStateVector-r17,
    positionY-r17                  PositionStateVector-r17,
    positionZ-r17                  PositionStateVector-r17,
    velocityVX-r17                 VelocityStateVector-r17,
    velocityVY-r17                 VelocityStateVector-r17,
    velocityVZ-r17                 VelocityStateVector-r17
}

Orbital-r17 ::=                SEQUENCE {
    semiMajorAxis-r17              INTEGER (0..8589934591),
    eccentricity-r17               INTEGER (0..1048575),
    periapsis-r17                  INTEGER (0..268435455),
    longitude-r17                  INTEGER (0..268435455),
    inclination-r17                INTEGER (-67108864..67108863),
    meanAnomaly-r17                INTEGER (0..268435455)
}

PositionStateVector-r17 ::= INTEGER (-33554432..33554431)

VelocityStateVector-r17 ::= INTEGER (-131072..131071)
In particular, one issue here is how the ephemeris information should be generated. In our view, RAN4 should first agree on a reference motion trajectory for the virtual satellite, by which the location of the virtual satellite can be derived for any time during the test. Then the ephemeris information should be generated based on the reference motion trajectory. How to generate and capture the reference motion trajectory needs inputs from satellite system vendors and test equipment vendors. 
Proposal 3: RAN4 to define a reference motion trajectory for the virtual satellite, and then generate ephemeris information based on the reference motion trajectory. Inputs from satellite system vendors and test equipment vendors are needed.
Once the reference motion trajectory is defined, the TE should simulate the virtual satellite that is moving on the trajectory. The transmit timing and frequency of the TE should be adjusted according to the location and velocity of the virtual satellite. Technically, the transmit power of the TE should be also varying to simulate the varying distance between the UE and satellite, however, as in most test cases the RSRP levels are set artificially (e.g. to trigger mobility event), the TE should adjust its transmit power as specified in the tests.
Proposal 4: The TE should adjust its transmit timing and frequency based on the reference motion trajectory. The transmit power is adjusted as specified in the test case.
One remaining issue from last meeting is whether to use earth fixed cell or moving cell for the test with LEO. In our view, the only difference between the two scenarios from standard point of view is the use of time and location based measurement trigger, and time and location based CHO. These enhancements are specific for fixed cell, otherwise UE cannot tell whether the deployment is fixed cell or moving cell. 
Technically, we need to discuss what would be different or what setup will be impacted if we define the test case with fixed cell or moving cell. In our view, the two scenarios would differ in how RSRP level would change during the service time, which further depends on how the satellite will form and steer the beams. However, as discussed in Proposal 4, the RSRP level would be set artificially in the test cases, and it means no differentiation of earth fixed cell or moving cell can actually be made in the test cases. 
Proposal 5: No differentiation of earth fixed cell or moving cell is made in the test cases. 
	· Issue 2-6: Test applicability rule for NTN RRM test cases.
· Agreement:
· RAN4 to define the following test applicability rule in a common section that applies to NTN RRM test cases. 
· For all test case:
· Satellite information (included in System information) shall remain the same during the test, e.g. Validity timer should be larger enough.
· UE GNSS information shall remain the same during the test, i.e. UE mobility is not considered unless an exceptional case is identified, e.g. distance-based conditional handover.
· The overall overhead ratio due to scheduling restriction caused by all configured SMTCs (e.g. scheduling restriction overhead of all SMTCs in one periodicity / SMTC periodicity) shall be less than or equal to 75%.


It is agreed in [1] that the UE GNSS information would remain unchanged during the test, unless otherwise required by the test case. In last meeting, some companies suggested to use the “Update UE Location Information” procedure as defined in 38.509 for setting the UE GNSS location. 
We think it is a reasonable proposal, at least for tests cases other than timing test. It is noted that for tests of location based measurement trigger and location based CHO, UE GNSS location needs to be changed. There are two ways to do it:
· Option 1: change the actual UE location 
· Option 2: update the UE location by special testing procedure 
Option 1 requires a full test setup as for GNSS tests as defined in 38.171. It means the GNSS satellites also needs to be modelled in the NTN tests. Although GNSS capability is essential for NTN to work, there is no new GNSS requirement defined for NTN, and we understand the test purpose of NTN does not include verifying GNSS performance. 
To simplify the test implementation, we prefer option 2, which means there is no need to involve GNSS test setup in the NTN tests. Of course, using option 2 would compromise the test coverage, as the GNSS error, which was accounted in the requirements, do not exist in the test. We do not think it is a big issue because GNSS performance has been tested separately.  
Proposal 6: At least for test cases other than UE Tx timing, UE GNSS location is set by TE via “Update UE Location Information” procedure. No need to involve GNSS test setup in the NTN tests. 
	· Issue 2-3: Test coverage regarding numerology and duplex mode.
· Agreement: 
· Test configurations for TDD and numerology higher than 15kHz are not considered.
· FFS on whether to define UE timing TC for 30KHz SCS.
· Test configuration includes both 15KHz SCS and 30KHz SCS cases in the same TC, no separate TC is defined for 30KHz SCS case. 


We support to define UE timing TC for 30KHz SCS. 
There is no restriction that 30kHz SCS cannot be used with FDD. We understand there would be some additional efforts to support this combination, but since it is only concerned with a single test case, we think it worth the efforts, especially when the core requirement has a strong dependence on the SCS.
Proposal 7: Include 30kHz SCS for the UE timing TC. 
Conclusions
In this paper we provided our views on RRM accuracy requirements and test cases for NTN.
Proposal 1: Re-use TN measurement accuracy requirements for NTN.
Proposal 2: The following TCs are considered for NTN specific requirements
· 1-2 – 1-4, 1-6 – 1-8
· 2-3 – 2-6
· 4-1
· 10-1 – 10-9, 11-1 – 11-9
· 13-1 – 13-8
Proposal 3: RAN4 to define a reference motion trajectory for the virtual satellite, and then generate ephemeris information based on the reference motion trajectory. Inputs from satellite system vendors and test equipment vendors are needed.
Proposal 4: The TE should adjust its transmit timing and frequency based on the reference motion trajectory. The transmit power is adjusted as specified in the test case.
Proposal 5: No differentiation of earth fixed cell or moving cell is made in the test cases. 
Proposal 6: At least for test cases other than UE Tx timing, UE GNSS location is set by TE via “Update UE Location Information” procedure. No need to involve GNSS test setup in the NTN tests. 
Proposal 7: Include 30kHz SCS for the UE timing TC. 
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