[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting # 98-bis-e 		R4-2107292
Electronic Meeting, Apr. 12-20, 2021
Agenda Item:	8.8.4.3
Source: 		Qualcomm Incorporated
Title: 			Measurement requirements in NTN Systems
Document for:	Discussion
1.	Introduction
RAN4 measurement requirement discussion is pending on RAN2 measurement framework development. Thus, in this contribution, we provide our views on what RAN4 need to further investigate in the meantime for the following aspects.
· Network Topologies
· L1/L3 Measurements
· Interruption/Measurement Gaps for GNSS Measurements
2. 	Discussion
Network Topologies
RAN2 agreements
General network topology and scenario
RAN2#112-e, 2th – 13th November 2020, e-meeting
· Consider the case where gNB is co-located at the GW with higher priority.
· Continue working with the assumption that service link switch implies L3 mobility (meaning that at least in case the SSBs are on the same sync raster point the PCIs need to be different).
· Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
· Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded)
· Legacy SSB periods (as in TN) shall be supported in NTN

RAN2#113-e, 25th January – 5th February 2021, e-meeting
· In NTN, the UE determines the TA based on the broadcast information (the use of other information is not excluded). In any case RAN2 will not go in a different direction than other groups
· In NTN, the network may broadcast more than one TACs per PLMN in a cell, which is to up to network implementation.
· 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.    
· Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.
· RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception
· The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.

RAN4 agreements
· RRM requirements for beam switching
· RAN4 is to study the RRM requirements for beam switching once RAN1 has determined the final PCI mapping mechanism for NTN scenario.
· Further clarification and input from RAN1 and RAN2 is necessary, especially on beam/BWP/PCI mapping mechanisms and details.

In NTN, as opposed to TN, a frequency reuse factor will likely be larger than 1 to mitigate inter-cell (inter-beam footprint) interference as shown in Figure 1. In the figure, different colors represent disjoint frequency resources. Depending on network deployment scenario, different frequency resources can be used as below:
· (Deployment-A) Cells in a set of frequency-reuse share a Cell-ID and have different BWP-IDs with different SSB-IDs
· (Deployment-B) Cells in a set of frequency-reuse have different Cell-IDs

In Deployment-A, UE mobility under a serving satellite can be dealt with BWP switching, i.e. L1 based mobility. On the contrary, UE mobility will be always L3 based cell (re)selection and handover in Deployment-B.
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Figure 1. An example of NTN Cell deployment with Frequency Reuse Factor of 7

Observation 1: In NTN with frequency reuse factor larger than 1, inter-cell mobility under the same satellite can be seen as BWP switching based L1 mobility.

Depending on deployment scenario, RAN4 may have to define mobility requirements differently for inter-cell within a satellite and between inter-satellite. Besides, for inter-cell mobility support, whether or not UE has to be always configured with a measurement gap for neighbor cell measurement and measurement gap length/repetition-period may depend on frequency reused factor.
Proposal 1: To facilitate technical discussion about mobility/measurement development, RAN4 to discuss the following aspects and define reference scenarios:
· Frequency reuse factor, e.g. 3 or 7
· Mapping between frequency resource of beam footprint and Cell-ID/ SSB-ID/ BWP-ID, e.g. frequency resource in a cell group for frequency-reuse under a satellite
· cells share a common Cell-ID and use different BWP-IDs with different SSB-IDs
· cells have different Cell-IDs

L1/L3 Measurements
RAN2 agreements
Measurement
RAN2#112-e, 2th – 13th November 2020, e-meeting
· The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.
· The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.
· RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN.
· SMTC and gap configuration in NTN are configured based on the timing of PCell
· RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.
· RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN
· UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN

Conditional Handover
RAN2#112-e, 2th – 13th November 2020, e-meeting
· The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 
· NTN specific CHO execution condition can be further discussed.
· Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
· Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.

RAN2#113-e, 25th January – 5th February 2021, e-meeting
· Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.


RAN4 agreements
· RAN4 to discuss measurement and mobility for the following scenarios
· Intra-NTN for both RRC Connected and Idle/Inactive modes with higher priority
· between GEO type satellites
· between LEO type satellites at the same altitude
· between earth fixed cells or between earth moving cells
· FFS: whether/which to prioritize
· depending on satellite/cell deployment topologies consider both scenarios where cells are within a satellite and belong to different satellites 
· FFS: between HAPs
· between NTN and TN for RRC Inactive/Idle modes
(note) not all possible mix of scenarios may be available
· For the existing mobility methodologies, RAN4 to study whether the existing requirements can be reused for NTN scenarios, e.g.
· S-criteria based cell (re)selection
· Time- or timer-based CHO
· For location-based mobility methodologies, RAN4 to discuss the following when relevant detailed procedures are provided by RAN2
· Cell (re)selection
· CHO
· RAN4 to study the following aspects for further discussion of (new) SMTC and Measurement Gap based requirements in NTN
· Propagation delay and/or reception power differences between cells
· between GEO type satellites
· between LEO type satellites at the same altitude
· between earth fixed cells or between earth moving cells
· FFS: whether/which to prioritize
· depending on satellite/cell deployment topologies consider both scenarios where cells are within a satellite and belong to different satellites 
· FFS: between HAPs
· whether/how to account for delay propagation from feeder link is up to RAN1/RAN2 assumption/design
· Detailed requirements will be discussed when RAN2 solutions, if any, are provided
· FFS: whether/how to split detailed work between Rel-17 work items, NTN and MG enhancement

In NTN, as SSBs of cells in a satellite arrive at a UE at the same time with the same frequency offset. Therefore, UE may not require exhaustive cell search prior to measurement for the cells. Besides, when UE is close to the centre of beam footprint which will likely be known to the UE, UE may not need to perform neighbor cell measurements as frequently and exhaustively as UE at the edge of the beam footprint.
Proposal 2: RAN4 to discuss the following aspects:
· Whether to define same or different measurement accuracy and/or latency requirements for intra-satellite cell mobility and inter-satellite cell mobility 
· Whether to define same of different requirements in terms of the number of measurement cells for intra-satellite and inter-satellite, e.g. 7 cells for intra-satellite and 3 cells for inter-satellite, etc.
· Location and/or timer based measurement relaxation, e.g. measurement interval can be relaxed when UE is close to the centre of beam footprint for GEO and/or non-GEO with at least earth-fixed cell


For non-GEO, UE may have to predict radio link issue because service link quality can change much faster than GEO due to, e.g. pathloss change. On the other hand, in GEO, due to a large round trip delay, UE may also have to predict radio ink issue in a similar manner as non-GEO to avoid radio link re-establish procedure.

Proposal 3: RAN4 to investigate L1/L3 measurement requirements for GEO and non-GEO separately.
· Whether or not the requirements can be defined in the same manner for GEO and non-GEO will be determined after the investigation
· Whether legacy RLF and BFD requirements are relevant for NTN UEs, e.g. legacy BLER value of a hypothetical PDCCH transmission and/or PDCCH format for out-of-sync and BFD can be reused

Interruption/Measurement Gaps for GNSS Measurements
It was discussed whether and how to specify requirements/configurations on interruptions and/or measurement gaps for GNSS measurements. Relevant conclusion and observations are excerpted below.
RAN1#104-e, 25th January – 5th February 2021, e-meeting
· An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control
· For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control
· Conclusion: It is up to RAN4 to decide whether interruptions or measurement gaps are required for GNSS measurements during NTN operation

RAN4#98-e, 25th January – 5th February 2021, e-meeting
· Observation: FFS: whether interruptions or measurement gaps are expected for GNSS measurements during NTN operation.
· Companies are encouraged to investigate further and provide input if any technical issues are found. If any, RAN4 to discuss whether/how to define interruption and/or measurement gap for GNSS measurement in detail.
· Technical comments from companies:
· In RF discussion, the NTN GTW session agreed in RAN4#98e to work on both S- (2-4GHz) and L-(1-2GHz)band for the WI. We did not see big issue in terms of interference between GNSS and S-band, but L-band UL is very close to GNSS. So, we are not sure if there is a potential issue for that combination from IDC harmonic/emission interference perspective. If the IDC harmonic/emission interference exists and is not negligible, we may consider to protect GNSS measurement from aggressor NTN transmission. Secondly, this case is different from legacy NR, because NTN capable UE is mandatory to support GNSS measurement and also GNSS measurement is essential for NTN connection. We think all these IDC interference aspects have to be checked by RAN4 RF session, and we are also checking with our RF experts. 
· For exemplary L-band (see the GTW agreement from [98e][310]), NTN UE in-device coexistence study with GNSS may be required for this band. Moreover, for the time being it is not clear the impact of interruption/measurement gaps on the UE capability to synchronize. It also depends on the type of constellation, the width and the type of cell (e.g. if Earth fixed cell or Earth moving cell).

If a coexistence issue between GNSS receiver and NTN NR UE transmitter is identified and if a continuous GNSS tracking is needed, the both modules should be in-sync in terms of on/off time in order to avoid interruptions to GNSS receiver. There can be multiple proprietary solutions to cope with in-device interferences, however, considering that quasi-real time GNSS information is essential for NTN NR UE application and inter-devices interruption can also exist, e.g. other nearby NTN UEs’ uplink can cause interruptions to GNSS receivers each other, 3GPP may have to explicitly define uplink interruption requirements and/or uplink gaps for self- and/or inter-UEs GNSS measurements. Therefore, if the coexistence issue in terms of interruption to GNSS receiver from NTN uplink signals/channels (in-device and/or inter-devices, i.e. inter-UEs’ uplinks) is identified for certain frequencies/bands, RAN4 should consider the following approaches:
· If interruption to GNSS receiver from inter-UE NTN uplink is identified,
· Send an LS to RAN2 to ask to introduce a common uplink gap configuration for GNSS measurement for multiple inter-UEs
· If interruption to GNSS receiver from inter-UE NTN uplink is not identified but intra-UE NTN uplink,
· RAN4 to define uplink interruption requirements without explicit GNSS measurement gap, or
· Send an LS to RAN2 to ask to introduce a UE specific uplink gap configuration for GNSS measurement

Proposal 4: If a coexistence issue in terms of interruption to GNSS receiver from NTN uplink signals/channels (in-device and/or inter-devices, i.e. inter-UEs’ uplinks) is identified for certain frequencies/bands, RAN4 to consider the following approaches:
· If interruption to GNSS receiver from intra-UE and/or inter-UE NTN uplink is identified,
· consider introducing a UE specific uplink gap and/or a common uplink gap for GNSS measurement for multiple inter-UEs, or
· consider defining uplink interruption requirements in terms of, e.g. interruption ratio every [X]ms
3.	Conclusion
Observations and Proposals are summarized below:
Network Topologies
Observation 1: In NTN with frequency reuse factor larger than 1, inter-cell mobility under the same satellite can be seen as BWP switching based L1 mobility.
Proposal 1: To facilitate technical discussion about mobility/measurement development, RAN4 to discuss the following aspects and define reference scenarios:
· Frequency reuse factor, e.g. 3 or 7
· Mapping between frequency resource of beam footprint and Cell-ID/ SSB-ID/ BWP-ID, e.g. frequency resource in a cell group for frequency-reuse under a satellite
· cells share a common Cell-ID and use different BWP-IDs with different SSB-IDs
· cells have different Cell-IDs

L1/L3 Measurements
Proposal 2: RAN4 to further discuss the following aspects:
· Whether to define same or different measurement accuracy and/or latency requirements for intra-satellite cell mobility and inter-satellite cell mobility 
· Whether to define same of different requirements in terms of the number of measurement cells for intra-satellite and inter-satellite, e.g. 7 cells for intra-satellite and 3 cells for inter-satellite, etc.
· Location and/or timer based measurement relaxation, e.g. measurement interval can be relaxed when UE is close to the centre of beam footprint for GEO and/or non-GEO with at least earth-fixed cell

Proposal 3: RAN4 to investigate L1/L3 measurement requirements for GEO and non-GEO separately.
· Whether or not the requirements can be defined in the same manner for GEO and non-GEO will be determined after the investigation
· Whether legacy RLF and BFD requirements are relevant for NTN UEs, e.g. legacy BLER value of a hypothetical PDCCH transmission and/or PDCCH format for out-of-sync and BFD can be reused


Interruption/Measurement Gaps for GNSS Measurements
Proposal 4: If a coexistence issue in terms of interruption to GNSS receiver from NTN uplink signals/channels (in-device and/or inter-devices, i.e. inter-UEs’ uplinks) is identified for certain frequencies/bands, RAN4 to consider the following approaches:
· If interruption to GNSS receiver from intra-UE and/or inter-UE NTN uplink is identified,
· consider introducing a UE specific uplink gap and/or a common uplink gap for GNSS measurement for multiple inter-UEs, or
· consider defining uplink interruption requirements in terms of, e.g. interruption ratio every [X]ms
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