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1.	Introduction
RAN4 has been working on the definition of core and performance requirements for IoT NTN User Equipment (UE) supporting satellite access operation as part of the work item defined in [1] during Rel-18. One of this work item outcomes has been the definition of IoT NTN RRM test cases defined in 3GPP TS 36.133 Annex A.13 (applicable to UE Category NB1) and A.14 (applicable to UE category M1).
Some of these RRM test cases require the definition of satellite neighbour cells:
Table 1. NB-IoT NTN RRM test cases requiring a neighbour cell according to TS 36.133[2]
	TC ID#
	TC Title

	A.13.1.1.1
	HD – FDD Intra frequency case for UE Category NB1 Standalone mode in normal coverage

	A.13.1.1.2
	HD – FDD Intra frequency case for UE Category NB1 Standalone mode in normal coverage with serving cell RRM measurement relaxation

	A.13.1.1.3
	HD – FDD Intra frequency case for UE Category NB1 Standalone mode in normal coverage with UE specific DRX

	A.13.3.1.1
	HD-FDD Intra-frequency RRC Re-establishment for UE category NB1 in Standalone mode under normal coverage

	A.13.3.1.2
	HD-FDD Intra-frequency RRC Re-establishment for UE category NB1 in Standalone mode under enhanced coverage



Table 2. eMTC NTN RRM test cases requiring a neighbour cell according to TS 36.133[2]
	TC ID#
	TC Title

	A.14.1.1.1
	E-UTRAN FDD – FDD Intra frequency case for Cat-M1 UE in normal coverage

	A.14.1.1.2
	E-UTRAN HD – FDD Intra frequency case for Cat-M1 UE in normal coverage

	A.14.1.1.3
	E-UTRAN FDD – FDD Intra frequency case for Cat-M1 UE in normal coverage with serving cell RRM measurement relaxation

	A.14.1.1.4
	E-UTRAN HD – FDD Intra frequency case for Cat-M1 UE in normal coverage with serving cell RRM measurement relaxation

	A.14.2.1.1
	E-UTRAN FDD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA without SFN acquisition

	A.14.2.1.2
	E-UTRAN HD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA without SFN acquisition

	A.14.2.1.3
	E-UTRAN FDD-FDD Intra frequency conditional handover for Cat-M1 UEs in CEModeA

	A.14.2.1.4
	E-UTRAN HD-FDD Intra frequency conditional handover for Cat-M1 UEs in CEModeA

	A.14.3.1.1
	E-UTRAN FD-FDD Intra-frequency RRC Re-establishment for Cat-M1 UE in CEModeA for Satellite access

	A.14.3.1.2
	E-UTRAN HD-FDD Intra-frequency RRC Re-establishment for Cat-M1 UE in CEModeA

	A.14.5.1.1
	E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in asynchronous cells for Cat-M1 UE in CEModeA

	A.14.5.1.2
	E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeA in DRX

	A.14.5.1.3
	E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in asynchronous cells for Cat-M1 UE in CEModeA

	A.14.5.1.4
	E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeA in DRX

	A.14.6.1.1
	FD-FDD RSRP Intra frequency case for Cat-M1 UE in CEModeA

	A.14.6.1.2
	HD-FDD RSRP Intra frequency case for Cat-M1 UE in CEModeA



Additionally, RAN5 is working in the corresponding work item [3] to define conformance test cases for IoT NTN.
As part of this work, RAN5 defined the ephemeris of the serving cell for all type of test cases in [4]. At that point, ephemeris for GSO (7º inclination) and NGSO were defined. However, there was no ephemeris defined for GEO satellites for the serving cell as required in test cases listed in Tables 1 and 2 above.  
Additionally, the definition of the ephemeris for the neighbour cell required in RRM test cases listed in Tables 1 and 2 is still pending according to the latest work plan [5].
This document analyses the IoT NTN RRM scenarios where a neighbour cell is required and makes proposals for the definition of its ephemeris. Additionally, it makes some proposals to define the ephemeris for serving cell for GEO scenarios.
[bookmark: OLE_LINK53]2. 	Discussion
2.1 Scenarios
Analysing the list of test cases included in Tables 1 and 2 and its content in 3GPP TS 36.133 [2], it can be seen that:
· For NB-IoT NTN RRM test cases requiring neighbour cells:
· All test cases are applicable only to GEO satellites.
· Only one neighbour cell is required.
· Neighbour cell is defined as intra-frequency.
· For eMTC NTN RRM test cases requiring neighbour cells:
· Cell re-selection, E-UTRAN handover, Intra-frequency measurements and RSRP test cases are assumed to be applicable only to GSO satellites (explicitly stated for test cases A.14.1.1.1/2/3, A.14.2.1.1/2/3/4, A.14.5.1.1/2/3/4 and A.14.6.1.1/2 but missing for test case A.14.1.1.4).
· RRC re-establishment test cases (A.14.3.1/2) are applicable to both GSO and NGSO satellites.
· Only one neighbour cell is required.
· Neighbour cell is defined as intra-frequency.
[bookmark: Obs1]Observation 1: According to 3GPP TS 36.133 [2], for NB-IoT NTN RRM test cases requiring neighbour cells, only one neighbour intra-frequency cell is required for GEO satellites for Rel-17 UEs.
[bookmark: Obs2]Observation 2: According to 3GPP TS 36.133 [2], for eMTC NTN RRM test cases requiring neighbour cells, only one neighbour intra-frequency cell is required for GSO and NGSO satellites.
However, RAN2 decided not to introduce satellite assistance information of neighbour cells in system information in Rel-17 IoT NTN but in Rel-18 (refer to LS response in [6] to corresponding LS in [7] Neighbour cell ephemeris information has been defined in SIB33 for eMTC NTN and SIB33-NB for NB-IoT NTN in Rel-18.
As a consequence, RAN4 decided to define test cases IoT NTNT RRM test cases requiring neighbour cells only for intra-frequency scenarios for GEO satellites applicable to Rel-17 devices (refer to agreement in [8] under Topic#2 Issue 3, agreements in [9] under Topic#1 Issue 1 and Topic#2 Issue 7 in [9]) and a clarification was added to 3GPP TS 36.307 in [10] as shown below to indicate that requirements defined were applicable even in no satellite assistance information is provided for neighbour cells:
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[bookmark: Prop1]Proposal 1: Define ephemeris for an intra-frequency neighbour cell for NB-IoT NTN RRM test cases requiring neighbour cells for GEO satellites scenario.
As it is stated in current specifications [2] and [11], it seems that eMTC NTN requirements requiring neighbour cells are applicable to GEO satellites only for Rel-17 UEs while applicable to both GSO and NGSO for Rel-18 UEs. It could be worthy to double check with RAN4 via an LS if this is the correct understanding or just some maintenance work is missing in 3GPP TS 36.133 eMTC NTN test cases. This LS could also raise the missing satellite supported configurations for test A.14.1.1.4.
[bookmark: Prop2]Proposal 2: Define ephemeris for an intra-frequency neighbour cell for eMTC NTN RRM test cases requiring neighbour cells for GEO satellites scenario at this stage.
[bookmark: Prop3]Proposal 3: Send an LS to RAN4 to clarify supported test configurations (satellites scenarios) for eMTC NTN requirements involving a neighbour cell for either Rel-17 and Rel-18 UEs (highlight that such supported test configuration is totally missing in test A.14.1.1.4). If the outcome of such LS indicates that for Rel-18 UEs, the mentioned test cases are applicable to GSO and NGSO scenarios, the ephemeris for neighbour cells for GSO and NGSO will be defined in the future as part of maintenance activities.
2.2 RAN4 assumptions for neighbour cells
For IoT NTN RRM test cases, RAN4 agreed in [12] as part of general aspects of this work item (Issue 1-1-3) that RRM requirements apply provided that serving cell and neighbour satellites on the same layer are of same satellite type (LEO or GEO):
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This agreement was leveraged from NR NTN RRM discussions as per Issue 1-9-1 in [13].
Regarding the altitude for serving and neighbour cells for NGSO satellite scenarios, it was previously agreed in [14] for NR NTN RRM Intra-NTN for both RRC Connected and Idle/Inactive modes and (new) SMTC and Measurement Gap based requirements, that same altitude will be considered for both serving and neighbour cells in this case. 
Keysight’s understanding is that when leveraging satellites of the same type, same altitude for NGSO satellites is also leveraged.
[bookmark: Prop4]Proposal 4: When defining ephemeris for neighbour cell for IoT NTN, assume that neighbour cell satellite type is same as serving cell, including its altitude.
Another important aspect that has been analysed is if RAN4 discussed whether both serving and neighbour cells are on the same satellite or in different satellites. As per [14], RAN4 considered both scenarios, i.e. serving and neighbour cells within a satellite or belonging to different satellites. Even when this discussion was held under NR NTN work item, its conclusion can be leveraged in IoT NTN. To be noticed that, according to commercial deployments, there will be scenarios including regions where more than one GEO satellites are visible.
[bookmark: Obs3]Observation 3: RAN4 requirements/test cases considered both scenarios, i.e. serving and neighbour cells within a satellite or belonging to different satellites.
2.3 Criteria to define ephemeris for neighbour cell in GEO satellites scenarios
2.3.1 Same vs different satellites and Doppler for serving and neighbour cells in NTN 
First criterion that RAN5 needs to decide upon is whether serving and neighbour cells for testing will be located in same or different satellites. 
For the GEO use case, there could be not much difference in terms of Doppler or one-way-delay between 2 different GEO satellites once the UE location has been fixed. However, this might not be the case for GSO satellites (with inclination different from zero) or NGSO satellites (to be defined in the future) depending on UE location. 
Test cases will have a wider coverage if they require UEs to handle 2 different satellites (with different Doppler and delays) than just one satellite while maximizing the Doppler difference between them.
As Rel-17 is only covering the testing of static satellite conditions, 2 points could be selected over the same orbit such that Doppler difference can be maximized (in case similar elevation angles are used for serving and neighbour cells), as shown in figure 1, or equivalent selection in case totally different elevation angles for serving and neighbour cells are used. 
To be noticed that, once UE location has been fixed in the case of a GEO satellite, Doppler might only suffer a minor variation as shown in Figure 1. 

Figure 1. Doppler for a GEO satellite orbit with 25.08 UE latitude and 121.56 UE longitude	Comment by Flores Fernandez: Graph to be replaced by 55 UE Latitude to show maximum achievable doppler difference. Markers to be moved over real graph in order to comply with minimum elevation angle and UE location already defined. Pending work on ephemeris for GEO with GMAT tool. 
Hence, in order to have a future-proof common criterion for all types of satellites and a wider test coverage, it is proposed to use different satellites for serving and neighbour cells and maximize the Doppler difference between them. 
[bookmark: Prop5]Proposal 5: Use different satellites for serving and neighbour cells and maximize the Doppler difference between them in those 3GPP TS 36.133 IoT NTN RRM test cases requiring neighbour cells.
2.3.2 Elevation angle
According to 3GPP TS 36.133 [2], Annex B.8:
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As it is not specified that highlighted statement applies only to serving cell, the assumption is that the minimum elevation angle relative to the UE position shall be equal or higher than 30 degrees during the entire test time for both serving and neighbour cells. 
[bookmark: Obs4]Observation 4: Minimum elevation angle shall be 30 degrees for both serving and neighbour cells in those 3GPP TS 36.133 IoT NTN RRM test cases requiring neighbour cells.
Regarding the difference in elevation angles perceived by the UE for serving and neighbour cell satellites, it could be thought that test cases coverage will be broader if the difference in elevation angles between the serving and neighbour cells can be maximized.
[bookmark: Prop6]Proposal 6:  When defining ephemeris for neighbour cells, maximize the difference perceived by the UE in terms of elevation angle for the satellite in charge of serving cell and the one in charge of the neighbour cell. 
2.4 Serving cell ephemeris definition for GEO satellites
As described in section 1, RAN5 defined the ephemeris of the serving cell for all type of test cases in [4]. At that point, ephemeris for GSO (7º inclination) and NGSO were defined. However, there was no ephemeris defined for GEO satellites for the serving cell as required in test cases listed in Tables 1 and 2 above.
[bookmark: Prop7]Proposal 7: Define ephemeris information for GEO satellites for serving cells in TS 36.508 clauses 7.6.2.1 and 8.4.6.2.1.
3. 	Conclusion
This document analyses the IoT NTN RRM scenarios where a neighbour cell is required and makes proposals for the definition of its ephemeris. Additionally, it makes some proposals to define the ephemeris for serving cell for GEO scenarios.
The following observations and proposals are made: 
Observation 1: According to 3GPP TS 36.133 [2], for NB-IoT NTN RRM test cases requiring neighbour cells, only one neighbour intra-frequency cell is required for GEO satellites for Rel-17 UEs.
Observation 2: According to 3GPP TS 36.133 [2], for eMTC NTN RRM test cases requiring neighbour cells, only one neighbour intra-frequency cell is required for GSO and NGSO satellites.
Proposal 1: Define ephemeris for an intra-frequency neighbour cell for NB-IoT NTN RRM test cases requiring neighbour cells for GEO satellites scenario.
Proposal 2: Define ephemeris for an intra-frequency neighbour cell for eMTC NTN RRM test cases requiring neighbour cells for GEO satellites scenario at this stage.
Proposal 3: Send an LS to RAN4 to clarify supported test configurations (satellites scenarios) for eMTC NTN requirements involving a neighbour cell for either Rel-17 and Rel-18 UEs (highlight that such supported test configuration is totally missing in test A.14.1.1.4). If the outcome of such LS indicates that for Rel-18 UEs, the mentioned test cases are applicable to GSO and NGSO scenarios, the ephemeris for neighbour cells for GSO and NGSO will be defined in the future as part of maintenance activities.
Proposal 4: When defining ephemeris for neighbour cell for IoT NTN, assume that neighbour cell satellite type is same as serving cell, including its altitude.
Observation 3: RAN4 requirements/test cases considered both scenarios, i.e. serving and neighbour cells within a satellite or belonging to different satellites.
Proposal 5: Use different satellites for serving and neighbour cells and maximize the Doppler difference between them in those 3GPP TS 36.133 IoT NTN RRM test cases requiring neighbour cells.
 Proposal 6:  When defining ephemeris for neighbour cells, maximize the difference perceived by the UE in terms of elevation angle for the satellite in charge of serving cell and the one in charge of the neighbour cell. 
Proposal 7: Define ephemeris information for GEO satellites for serving cells in TS 36.508 clauses 7.6.2.1 and 8.4.6.2.1
These proposals are submitted for approval in CR ([15-16]).
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__Issue 1-1-3: Requirement applicability

e Do not consider the following requirements/aspects for IoT NTN
o TDD related aspects
o positioning requirements
o autonomous gap for CGI reading

e The requirements apply provided that serving and all neighbour satellites on the same layer are of same
satellite type (LEO or GEO).
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B.8  High level test procedure for SAN RRM tests

The following high level steps are conducted for test cases for SAN defined in clauses A.13 and A.14.

- Aset of ephemeris information are pre-defined for each satellite corresponding to respective epoch times in TS
36.508.

- The same ephemeris information will be maintained during the test (constant ephemerisnfo in all SBI31
updates), i.e. SAN RRM test cases are defined with fixed constant Delay and Doppler shift from Satellite access
node to UE unless otherwise stated.

- The range from which the constant Delay is selected is as follows.

- For GSO an altitude of 35,786k is considered. The range of the one-way delay between UE and satellite is
from 119.375ms to 128.79ms.

- ForNGSO an altitude of 600km and 1200km on a circular orbit are considered. The range of the one-way
delay between UE and satellite is from 2ms (lowest value for LEO orbit 600km) to 6.67ms (highest for LEO
orbit 1200 km).

- UE location is determined for the test. During the test, the test system shall provide the UE location to the DUT
using AT commands.

- Test equipment adjusts the time and frequency of transmission according to the pre-defined and UE location
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F.2  Common RRM requirements

‘The requirements and test cases listed in Table F.-1 are specified in 36.133 Rel-18 [3]. Note the requirements apply to

serving cell measurements and GEO intra-frequency messurements when no satelite assistance information is provided
1o the UE.

Table F.2-

RRM requirements for NB-loT operation over NTN

Clause Description

ZEATZ | Cell Selection and Re-seleclion Requirements for UE cateqory NEAGT for
Satelite Access

65 RRC Re-establishment for NB-1oT UES for Safelite Access

664 Random Access for UE calegory NB1 for Safeliie Access

60A7 | RRC Connection Redirection to Non-anchor Carfier in NE-IoT for Safelite
Access

720A UE fransmit iming for NE-1oT for Satelte Access

721A UE fimer accuracy for NB-IoT for Satelle Access

722A | Timing Advance for NB-IoT for Safelite Access

723A | Radio Link Monioring for Cafegory NB-10T UE for Satelite Access
814A7__| Weasurements for UE calegory NB-IoT for Satelle Access

NOTE 1_1f n0 satelife assistance information is Drovided for neighbor cells_the
requirements in this dause for the serving cell measurement are also applicable.

NOTE 2. If no satellte assistance information is provided for neighbor cels.the infra-
irequency requirements in this clause are also appiicable for GEO operations

‘The requirements and test cases listed in Table F.2-2 are specified in 36.133 Rel-18 [3]. Note the requirements apply to

serving cell measurements and GEO intra-frequency messurements when no satellte assistance information is provided
1o the UE.

Table F.2-2: RRM requirements for eMTC operation over NTN

Clause Description

ATAZ Cell Seleclion and Re-seleclion Requirements for UE Cateqony W

55 E-UTRAN Handover for Cat-M1 UES for Saelite Access

623A Random Access Requirements for Cab1/i UES for Salelite Access

67A RRC Re-establishment for Cat-M1 UESs for Satelite Access

68A7 RRC Connection Release vih Redirection for UE Category M1 for Saielite
Access

TA9A Radio Link Monitoring for UE Category W1 for Satelite Access

7oA UE transmit timing for Category M1 for Satellte Access

T2TA UE fimer accuracy for category M1 for Satelite Access

78R Timing Advance for Category 1 for Satelite Access

813AZ__| Measurements for UE Category N1 for Safelite Access

NOTE 1_If n0 satelife assistance information is Drovided for neiohbor cells_the

requirements in this clause for the Serving cell measurement are aiso applicable.

NOTE 2. If no satellte assistance information is provided for neighbor cels.the infra-

irequency requirements in this clause are also appiicable for GEO operations





