
3GPP TSG-RAN WG2 Meeting#111		       						  R2-2006872
Electronic, 17th - 28th August 2020			  	 	             
 
Source: 			ZTE Corporation, Sanechips
Title: 	Consideration on system information and cell (re)selection in NTN
[bookmark: Source]Agenda item:		8.10.3.1 
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In this contribution, we share some consideration on the cell (re)selection procedure in NTN as well as the useful NTN specific information to be broadcast in system information.
2. [bookmark: _Toc12718547]Discussion
2.1. General principle for cell (re) selection in NTN
In NR, for cell selection, UE follow the S-criterion to select a cell with qualified RX level (RSRP) and RX quality (RSRQ). For cell reselection, UE follow the reselection priority configured via system information or RRCRelease message for each frequency and reselect to the best cell (highest ranked cell based on R-criterion) in the frequency with highest priority if the cell is not barred or reserved.
In NTN, we think the same principle should be kept in general to ensure that UE selects a cell with good RX level and quality while network can control the distribution of users via reselection priority for load balancing and radio resource management.
Proposal 1: The cell selection following S-criterion and cell reselection following reselection priority and R-criterion in NR should be taken as a baseline in NTN.
On this basis, some assistance information can be considered to assist or fasten the cell (re)selection procedure so that UE find a suitable NTN cell as soon as possible.
2.2. Network type differentiation
UE can be divided into the following categories:
· UE supporting TN only
· UE supporting NTN only
· UE supporting both TN and NTN
TN only UE shall not select a NTN cell while a NTN only UE shall not select a TN cell. UE supporting both TN and NTN should be able to select from the two different types of cells as needed.
In addition, among UE supporting NTN, some may have higher transmission power and can access either GEO or Non-GEO cells while others have limited transmission power and can only access non-GEO or LEO cells. 
Thus, it is useful for UE to identify NTN vs TN cells, GEO vs Non-GEO cells / LEO cells
Observation 1: Awareness of the network type (e.g. NTN vs TN cells, GEO vs Non-GEO cells / LEO cells) is helpful for UE supporting specific network type to find a suitable cell during cell selection and reselection procedure.
With regards to how to identify the network types, the following cases should be considered:
· Case 1: Different types of cell (NTN vs TN cells, GEO vs Non-GEO cells / LEO cells) are deployed in different frequencies;
· Case 2: Different types of cell (NTN vs TN cells, GEO vs Non-GEO cells / LEO cells) are deployed in the same frequency.
For case 1, UE gets to know the network type during cell search and can perform cell selection and reselection accordingly. For case 2, the network type can be indicated to UE in an explicit or an implicit way.
· Implicit network type indication: Allocate specific PCI, PLMN ID or band for NTN/LEO/Non-GEO/LEO cell.
· Explicit network type indication: Per cell or per frequency network type indication in system information.
In NR, there are 1008 unique physical-layer cell identities (PCI) and each PCI is linked to a specific synchronization signal sequence. Reserving part of the 1008 PCIs for NTN will take up the resources in TN while defining new PCIs requires considerate investment in RAN1 to define new synchronization signal sequences, which is not preferable at least in this release.
As mentioned in TR38.821, using common PLMN ID for NTN cells and TN cells is not precluded. Thus, UE cannot rely on the PLMN ID to differentiate the network type.
 “Deployment of PLMNs with specific PLMN IDs for NTN cells and TN cells, or between different type of NTN platforms (GEO or LEO), is considered as a preferred option, however the configuration of common PLMN identities is not precluded.”
Whether to allocate specific band for NTN/LEO/Non-GEO/LEO network should be discussed and decided in RAN4, which is totally out of RAN2 scope.
With the above consideration, proving a network type indication per cell or frequency via system information is preferable as it is a pure RAN2 solution without impact in other working groups.
Proposal 2: Per cell or per frequency network type indication (e.g. NTN vs TN, GEO vs Non-GEO, GEO vs LEO) should be broadcast in system information to assist cell selection and reselection.
Take the NTN type indication as an example, a one-bit indication (e.g. connectToNTN) should be broadcast in MIB or SIB1 for a NTN cell. TN only UE should treat a cell with connectToNTN set to “true” as a barred cell while a NTN only UE should consider cell with connectToNTN set to “true” as a candidate for cell selection and reselection.
For the intra and inter frequency neighbour cell information broadcast in SIB2/3/4, the network type can be indicated per frequency or per cell. 
· Per frequency network type indication for neighbour cells: Introduce a connectToNTN indication in intraFreqCellReselectionInfo in SIB2 and InterFreqCarrierFreqInfo in SIB4 if all the cells in a frequency are NTN cells.
· Per cell network type indication for neighbour cells: 
· Option 1: Introduce a connectToNTN indication in IntraFreqNeighCellInfo in SIB3 and InterFreqNeighCellInfo in SIB4.
· Option 2: Introduce intraFreqNeighCellList-NTN in SIB3 and interFreqNeighCellList-NTN in SIB4, in which only NTN neighbour cells are included.
Proposal 2a: A one-bit indication (e.g. connectToNTN/connectToGeo/connectToNonGEO/connectToLEO ) shall be broadcast in MIB or SIB1 for a NTN/GEO/Non-GEO/LEO cell.
Proposal 2b: Introduce a connectToNTN/connectToGeo/connectToNonGEO/connectToLEO indication in intraFreqCellReselectionInfo in SIB2 and InterFreqCarrierFreqInfo in SIB4 if all the cells in a frequency are NTN/GEO/NonGEO/LEO cells.
Proposal 2c: Introduce intraFreqNeighCellList-NTN / intraFreqNeighCellList-GEO / intraFreqNeighCellList-NonGEO / intraFreqNeighCellList-LEO in SIB3 and interFreqNeighCellList-NTN / interFreqNeighCellList-GEO / interFreqNeighCellList-NonGEO / interFreqNeighCellList-LEO in SIB4, in which only NTN/GEO/Non-GEO/LEO neighbor cells are included.
2.3. NTN specific cell reselection priority
The cell reselection priority can be provided to UE via system information or RRCRelease message so that UE will be guided to frequency with higher priorities. From UE’s perspective, it may rank the cells in frequencies with highest priority based on R-criterion and read the system information of the highest cell to see if it is suitable to camp on. Following the existing procedure, it is possible that a TN only neighbor frequency is assigned with highest priority and all the NTN only UEs under this cell need to read the system information of the highest ranked cell on this frequency and find out it is not suitable to camp on, causing more latency before a suitable NTN cell is found.
One possible solution is to provide NTN specific cell reselection priorities. TN only UE will follow the legacy reselection priority for TN cells while NTN only UE will follow the NTN specific reselection priorities in which frequencies with NTN cells are prioritized so that both types of UE can find a suitable cell quickly. For UE supporting both TN and NTN, a default reselection priority set (e.g. the legacy reselection priority for TN) can be defined for UE to apply.
Proposal 3: Introduce NTN specific reselection priority to guide NTN capable UE to frequencies in which NTN cells are deployed.
cellReselectionPriority-NTN and cellReselectionSubPriority-NTN should be introduced in cellReselectionServingFreqInfo in SIB2 and InterFreqCarrierFreqInfo in SIB4. 
· For a NTN only frequency, cellReselectionPriority-NTN and cellReselectionSubPriority-NTN should be configured while the legacy cellReselectionPriority and cellReselectionSubPriority should be absent. Considering that the cellReselectionPriority in cellReselectionServingFreqInfo in SIB2 is mandatory present, 	for a NTN only frequency, UE can take other information (e.g. connectToNTN indication in intraFreqCellReselectionInfo in SIB2 showing all the cells in the frequency are NTN cells) into consideration to decide the applicable reselection priority. For example, NTN only UE can ignore the legacy cellReselectionPriority in SIB2 when connectToNTN indication in intraFreqCellReselectionInfo in SIB2 shows all the cells in the frequency are NTN cells.
· For a TN only frequency, only the legacy cellReselectionPriority and cellReselectionSubPriority is configured. 
· For a frequency where both TN and NTN cells are deployed, both of the the legacy cellReselectionPriority/cellReselectionSubPriority and the cellReselectionPriority-NTN / cellReselectionSubPriority-NTN can be configured.
Proposal 3a: Introduce cellReselectionPriority-NTN and cellReselectionSubPriority-NTN in cellReselectionServingFreqInfo in SIB2 and InterFreqCarrierFreqInfo in SIB4. 
Similarly, cellReselectionPriorities-NTN can be introduced in RRCRelease message so that UE supporting both TN and NTN can follow one of the TN or NTN specific reselection priority based on the intended service type or its location information. For example, there may be few TN cells deployed in some remote areas while more NTN cells are deployed to ensure the coverage. UE capable of both TN and NTN can then decide to follow the NTN specific reselection priority and try to reselect to a NTN cells. On the contrary, when a UE capable of both NTN and TN is moving in a lively city, UE can follow the TN specific reselection priority and try to reselect to a TN for service with lower latency.
Proposal 3b: Introduce cellReselectionPriorities-NTN in RRCRelease message.
2.4. Provision of satellite ephemeris data 
As mentioned in TR38.821 [1], the essential elements of ephemeris data can be divided into orbital plane parameters and satellite level parameters. Since several satellites typically share a common orbital plane, the orbital plane parameters are common for multiple satellites while the satellite level parameters should be provided per satellite.
UE is able to derive the orbital lane of the satellite based on the orbital plane parameters and then derive the location of the satellite if the satellite level parameters are provided. With the help of ephemeris data, a UE may search for the first NTN cell it could connect to. After detecting PSS/SSS (SSB) of a cell broadcasted by a satellite, the UE may be able to read the initial system information of that cell. Ideally, before attempting to access the cell, the UE derives the RTT well enough to be able to do random access. 
Table 7.3.6.1-1: Essential Elements of Ephemeris
	Orbital plane parameters
	
	Square root of semi major axis（semi-major axis）

	
	
	Eccentricity（eccentricity）

	
	
	Inclination angle at reference time（inclination）

	
	
	[bookmark: _GoBack]Longitude of ascending node of orbit plane（right ascension of the ascending node）

	
	
	Argument of perigee（argument of periapsis）

	Satellite level parameters
	
	Mean anomaly at reference time（true anomaly and a reference point in time）

	
	
	Ephemeris reference time（the epoch）


With regards to provision of the ephemeris data, the following options can be considered.
· Option 1: Broadcast the orbital plane parameters and the satellite level parameters for the serving satellite and neighbor satellites in system information.
· Option 2: The orbital plane parameters of all the satellites that may serve UE are pre-provisioned while the satellite level parameters of the serving and neighbor satellites are broadcast in system information.
· Option 3: The orbital plane parameters and the satellite level parameters for all the satellites that may serve the UE are both pre-configured in UE and each satellite ephemeris is assigned with an index. The index of the serving satellite and neighbor satellite is broadcast in system information.
Option 2 and 3 are beneficial when UE is searching for the first NTN cell as UE can use the stored satellite location information or at least the orbital plane information to fasten the cell search. Option 3 provides more information about the satellite location which is helpful in cell search and initial access and requires less signaling overhead in system information. Also, considering that the satellite ephemeris data is a relatively fixed data after the satellite is launched and the communication system is built, pre-provision of the detailed satellite ephemeris data in UE would be feasible and the ephemeris data can be updated via NAS signaling.
Proposal 4: The orbital plane parameters and the satellite level parameters for satellites that may serve UE are pre-configured in UE and each satellite ephemeris is assigned with an index. The index of the serving satellite and neighboring satellites is broadcast to UE in system information.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
General principle for cell (re) selection in NTN
Proposal 1: The cell selection following S-criterion and cell reselection following reselection priority and R-criterion in NR should be taken as a baseline in NTN.

Network type differentiation
Observation 1: Awareness of the network type (e.g. NTN vs TN cells, GEO vs Non-GEO cells / LEO cells) is helpful for UE supporting specific network type to find a suitable cell during cell selection and reselection procedure.
Proposal 2: Per cell or per frequency network type indication (e.g. NTN vs TN, GEO vs Non-GEO, GEO vs LEO) should be broadcast in system information to assist cell selection and reselection.
Proposal 2a: A one-bit indication (e.g. connectToNTN/connectToGeo/connectToNonGeo/connectToLEO) shall be broadcast in MIB or SIB1 for a NTN/GEO/NonGEO/LEO cell.
Proposal 2b: Introduce a connectToNTN/connectToGeo/connectToNonGeo/connectToLEO indication in intraFreqCellReselectionInfo in SIB2 and InterFreqCarrierFreqInfo in SIB4 if all the cells in a frequency are NTN/GEO/NonGEO/LEO cells.
Proposal 2c: Introduce intraFreqNeighCellList-NTN / intraFreqNeighCellList-GEO / intraFreqNeighCellList-NonGEO / intraFreqNeighCellList-LEO in SIB3 and interFreqNeighCellList-NTN / interFreqNeighCellList-GEO / interFreqNeighCellList-NonGEO / interFreqNeighCellList-LEO in SIB4, in which only NTN/GEO/NonGEO/LEO neighbour cells are included.

NTN specific cell reselection priority
Proposal 3: Introduce NTN specific reselection priority to guide NTN capable UE to frequencies in which NTN cells are deployed.
Proposal 3a: Introduce cellReselectionPriority-NTN and cellReselectionSubPriority-NTN in cellReselectionServingFreqInfo in SIB2 and InterFreqCarrierFreqInfo in SIB4. 
Proposal 3b: Introduce cellReselectionPriorities-NTN in RRCRelease message.

Provision of satellite ephemeris data
Proposal 4: The orbital plane parameters and the satellite level parameters for satellites that may serve UE are pre-configured in UE and each satellite ephemeris is assigned with an index. The index of the serving satellite and neighboring satellites is broadcast to UE in system information.
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