[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting # 100-e	R4-2112710
Electronic Meeting, August 16-27, 2021
Agenda Item:	9.13.5.5
Source: 		Qualcomm Incorporated
Title: 			Measurement procedure requirements
Document for:	Discussion
1.	Introduction
The details of RAN4 measurement requirement development is still pending on RAN2 measurement framework and enhancements of configuration/signalling design. Thus, in this contribution, we provide our views in high-level on the following aspects.
· Ephemeris formats for Measurements
· SMTC and MG enhancements
· Positioning
· Measurement Capability
2. 	Discussion
· Ephemeris formats for Measurements
As per RAN1 and RAN2 agreements, two different types of satellite ephemeris format are supported which can serve different accuracies and require different frequencies of the information acquisition. Although the spec supports both formats, it is expected that PVS format is suitable for the serving cell because it can serve better accuracy for open-loop based UL transmission timing adjustment whereas orbital format suits serving and neighbour cell measurement for mobility because it can remain valid for a longer time than PVS format.

A summary of agreement with respect to Ephemeris formats
RAN1Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

RAN1Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.

[bookmark: _Hlk78924755]RAN1 Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.

RAN2 Agreement:
· The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.   

Observation 1: The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris

In order not to increase neighbour cells ephemeris information reading frequency too much, the ephemeris format for measurement and mobility can be developed based on orbital parameter one.
Proposal 1: For the serving and neighbour cell measurements, RAN4 to define the requirements based on Set 2 (orbital parameter ephemeris format).

· SMTC and MG enhancements
It was agreed in RAN2 that there will be NTN specific enhancements for SMTC and measurement gap configurations, the details of which are subject to further discussion.

A summary of agreement with respect to SMTC and MG enhancements
Agreements from RAN2#112-e, 2th – 13th November 2020, e-meeting
· SMTC and gap configuration in NTN are configured based on the timing of PCell

Agreements from RAN2#113-bis-e, 12th April – 20th April 2021, e-meeting
· For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
· The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
· The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
· Measurement gaps enhancements should be supported. FFS on the details

Observation 2: More than one SMTC associated to one frequency-layer can be configured for cells belonging to different satellites.
Observation 3: NTN specific measurement gap configuration will be enhanced by RAN2.

At least RRM requirements in which SMTC periodicity is referred to may have to be updated because of multiple SMTCs. As the details are still under discussion in RAN2, corresponding updates in RAN4 spec can be made later. Besides, depending on the details about NTN specific MG enhancement, there may or may not be a common issue with Rel-17 on-going RAN4-led MG enhancement WI.
Proposal 2: RRM requirements shall be updated to incorporate multiple SMTC configurations per frequency-layer and enhanced MG configuration. The details should be discussed when the enhancement of the configurations, e.g. SMTCs per frequency-layer can differ only by offset, multiple MGs which can be fixed or floating over time, a longer MGL based single MG, etc., are further determined by RAN2.

· Positioning
As the target positioning accuracy for regulatory cases is 50m and 3 m for horizontal and vertical, respectively, we believe RAN4 can deprioritize positioning requirement development because GNSS based UE positioning accuracy will be assumed better than 50m of 2D error to meet UL timing accuracy requirement. Furthermore, the requirement may not be really achievable by 3GPP based methods in NTN because most visible cells will be co-located in most cases.
Observation 4: GNSS based UE positioning is an essential prerequisite for NTN NR services.
Proposal 3: RAN4 to deprioritize non-GNSS based positioning requirement development at least for the case when UE is connected to NTN network via satellite unless the technical motivation is justified.

· Measurement Capability
The main motivation behind the introduction of multiple SMTCs in NTN is to take into account significantly different propagation delays between cells belonging to different satellites which can also vary over time.
Observation 5: In NTN, for inter-satellite cell measurement, there can be irregular and lengthy multiple interruptions due to significantly different propagation delays from UE to cells belonging to different satellites.

When measurement should be made for different satellites, multiple SMTs will likely have to be configured and UE may have to keep track of them, hence, frequent interruptions and a high power consumption. In order no to increase interruption rate too much due to measurements, RAN4 can consider less number of simultaneous measurement cells when the cells belong to different satellites.
Proposal 4: The number of required simultaneous measurement cells should be relaxed at least for the case where the cells belong to different satellites, e.g. UE should not be forced to measure more than 3 satellites including serving one. FFS on different relaxations for different satellite types and/or deployments, e.g. earth-moving and -fixed cells.
3.	Conclusion
Observations and Proposals are summarized below:
· Ephemeris formats for Measurements
Observation 1: The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris
Proposal 1: For the serving and neighbour cell measurements, RAN4 to define the requirements based on Set 2 (orbital parameter ephemeris format).

· SMTC and MG enhancements
Observation 2: More than one SMTC associated to one frequency-layer can be configured for cells belonging to different satellites.
Observation 3: NTN specific measurement gap configuration will be enhanced by RAN2.
Proposal 2: RRM requirements shall be updated to incorporate multiple SMTC configurations per frequency-layer and enhanced MG configuration. The details should be discussed when the enhancement of the configurations, e.g. SMTCs per frequency-layer can differ only by offset, multiple MGs which can be fixed or floating over time, a longer MGL based single MG, etc., are further determined by RAN2.

· Positioning
Observation 4: GNSS based UE positioning is an essential prerequisite for NTN NR services.
Proposal 3: RAN4 to deprioritize non-GNSS based positioning requirement development at least for the case when UE is connected to NTN network via satellite unless the technical motivation is justified.

· Measurement Capability
Observation 5: In NTN, for inter-satellite cell measurement, there can be irregular and lengthy multiple interruptions due to significantly different propagation delays from UE to cells belonging to different satellites.
Proposal 4: The number of required simultaneous measurement cells should be relaxed at least for the case where the cells belong to different satellites, e.g. UE should not be forced to measure more than 3 satellites including serving one. FFS on different relaxations for different satellite types and/or deployments, e.g. earth-moving and -fixed cells.
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