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1  Introduction
For Rel-17, a work item for NR to support NTN (Non-Terrestrial Networks) has been approved with some initial progress in RAN2. One of the primary RAN2 objectives for such enhancements is to address idle mode procedures as highlighted below:

The following control plane procedures enhancements should be specified (see TR 38.821)
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB 

RAN2 has made some agreements in RAN2#112e and RAN2#113e, for control plane idle mode procedures including agreements related to the identification or indication of an NTN network type as shown below: 
RAN2#111e/112e Agreements: 
4.	The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
RAN2#113e Agreements:
1.	RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception.



Based on the above agreements, the objective of this paper is to progress these agreements further and address some of the FFSs, specifically related to NTN Indication.
2	 Discussion

2.1 Rationale for Network Identification
In this section, we discuss the open issue regarding the network type to be known to the UE. For mixed network deployments that support both TN and NTN platforms, there may be UEs that are not NTN capable. These UEs should only search and select TN cells. Likewise, UEs supporting only NTNs should also search and select NTN cells. The scenario should be avoided where a UEs attempts access on a particular network/platform that it is not capable of supporting. Differentiating between networks and network types from a UE perspective will be essential given NTNs/TNs may be deployed in the same bands and PLMN IDs may also not differentiate the network/platform type.

Additionally, UEs supporting both TNs and NTNs will be able to select between the two network types and potentially more than one NTN type. It is necessary to identify and select the appropriate platform and NTN platform type.

Based on these potential deployment scenarios, UE capabilities and preferences for a given network platform, the awareness of a network type (NTN versus TN) will be helpful for the UE to find a suitable cell for cell search and cell (re)selection procedures. Latency reduction associated with scanning RF channels may also be beneficial given already long propagation delays. From the identification of the platform and NTN platform type, prioritization and cell (re)selection can be aided. The UE may use preferences, such as UE capabilities, service requirements, and Quality of Service (e.g., latency requirements).
Observation 1: The network type (i.e., TN or NTN) shall be known to UE.
Observation 2: The NTN type (e.g., LEO, MEO) shall be known to UE.

2.2 Potential solutions
2.2.1 Explicit versus implicit indication
There are two general methodologies that have been proposed in RAN2 for NTN platform indication as follows (or combination thereof):
1. NTN platform indication may be signaled to the UE in an explicit way by the gNB to assist the UE in making decisions for cell (re)selection. For simplicity, this does not introduce any ambiguity from the UE perspective, but requires a definition of new indicators(s).
2. NTN platform indication may be implied from other, already available information that is already signaled from the gNB to the UE. This does not introduce any additional overhead as far as signaling a separate indication and does not require definition of a separate indicator.
One example of explicit indication of platform type could be a flag set in the existing MIB that is broadcasted by gNBs to UEs. However, there is only one spare bit available in the current Rel-16 MIB defined today, but this could be used to distinguish between TN versus NTN. This indicator could be used along with some additional system information to determine a particular type of NTN.
Observation 3: Explicit platform indicator/indication may not be necessary as other already available information may be signalled from the gNB to the UE.
Observation 4: Implicit platform indicator/indication does not require any additional overhead nor require additional definition of a separate indicator.

Proposal 1: RAN2 agrees to leverage an implicit platform indicator/indication to the UE.

2.2.2 Implied NTN Indicator(s) Options
2.2.2.1 Frequency Layer Identification
[bookmark: _Hlk60141294]One type of implied indication could be frequency layer identification to determine the platform type. In this case, the UE could be pre-configured to associate a frequency band with a particular platform (TN/NTN, or NTN type). However, it should be noted that TNs and NTNs may be deployed in the same bands.
Observation 5: Association of a frequency band with a particular platform (TN/NTN, or NTN type) may help identify a network type. However, TNs and NTNs may be deployed in the same bands, which likely requires some other additional indicator.

2.2.2.2 Timing Relationship Offset Identification
RAN1 has agreed the following regarding a timing relationship offset for initial access [3]:
•	For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
With the assumption that a timing relationship offset is necessary and to be delivered to the UE from the network for initial access, the existence of this offset can be inferred by the UE to determine not only that the platform of the cell is NTN, but also that the platform is of a specific NTN type. 
This is possible given the relationship between the amount of timing relationship offset specific to a given NTN platform deployment. That is, low-orbiting SVs will require a smaller timing offset versus a high altitude-orbiting SV. Based on the offset (or offset range), an NTN-capable UE can determine not only the NTN platform, but also distinguish between the various NTN types. Alternatively, if there is no value or missing value for the timing relationship offset, the UE can assume that the cell is TN platform.
Furthermore, the determination of Platform type as well as specific NTN type could be further leveraged for platform prioritization and cell (re)selection.
Observation 6: The existence of a timing relationship offset can be inferred by the UE to determine not only that the platform of the cell is NTN, but also that the platform is of a specific NTN type.

2.2.2.3 Presence of NTN-specific SI for Indication 
 There are two options or combination of options for this type of solution:
· NTN cells are determined by System Information Blocks (SIBs) either in an NTN-specific SIB or an existing SIB modified to support NTN system information. In this case, SIB1 would be broadcasted by the gNB and indicate that there exists NTN SIB(s) to be scheduled. 
· Furthermore SI (if Satellite ephemeris is included) would also determine the type of NTN, e.g. GEO, LEO, HAPS, etc. For example, a Non-geostationary orbiting satellite would likely have additional parameters for trajectory, velocity, etc. or formatted/encoded differently based on platform type.
In the simplest form, the mere existence of NTN System Information can enable the UE to determine the platform supported by the cell is NTN, e.g., IE si-SchedulingInfo might include sibType(s) associated with NTN. 

Since the UE may have to decode and process additional system information to determine the type of NTN cell, a spare bit in the MIB may be added to indicate NTN platform (flag not present assumes TN platform). This may be utilized in combination with some other control information (e.g., implicit indication in the MIB) or indication in SIB1 to determine the NTN type in case the indicator in MIB indicates NTN platform. If the UE does not support NTN, the UE may ignore the cells with the additional indication for NTN type (e.g., LEO, MEO, GEO, etc.). If the UE does not support TN, the UE may ignore any TN cells that are broadcasting without the NTN indicator.

Observation 7: The existence of NTN-specific SI can be inferred by the UE to determine not only that the platform of the cell is NTN, but also that the platform is of a specific NTN type. Conversely, exclusion of NTN-specific SI can determine TN. This implicit indication could be combined with some MIB specific encoding/indication as well.

Proposal 2: RAN2 agrees to leverage NTN-specific System Information to implicitly determine the platform type (NTN vs. TN) and NTN-type (LEO/MEO (earth-moving cells), GEO, or HAPS). Specific SI for platform indication is FFS.

3  Conclusion
To summarize, the following observations and proposals were examined:
Observation 1: The network type (i.e., TN or NTN) shall be known to UE.
Observation 2: The NTN type (e.g., LEO, MEO) shall be known to UE.
Observation 3: Explicit platform indicator/indication may not be necessary as other already available information may be signalled from the gNB to the UE.
Observation 4: Implicit platform indicator/indication does not require any additional overhead nor require additional definition of a separate indicator.
Observation 5: Association of a frequency band with a particular platform (TN/NTN, or NTN type) may help identify a network type. However, TNs and NTNs may be deployed in the same bands, which likely requires some other additional indicator.
Observation 6: The existence of a timing relationship offset can be inferred by the UE to determine not only that the platform of the cell is NTN, but also that the platform is of a specific NTN type.
Observation 7: The existence of NTN-specific SI can be inferred by the UE to determine not only that the platform of the cell is NTN, but also that the platform is of a specific NTN type. Conversely, exclusion of NTN-specific SI can determine TN. This implicit indication could be combined with some MIB specific encoding/indication as well.

Proposal 1: RAN2 agrees to leverage an implicit platform indicator/indication to the UE.
Proposal 2: RAN2 agrees to leverage NTN-specific System Information to implicitly determine the platform type (NTN vs. TN) and NTN-type (LEO/MEO (earth-moving cells), GEO, or HAPS). Specific SI for platform indication should be further discussed by RAN2.
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