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Introduction

After RAN2#106 meeting, RAN2 had discussed about cell selection/reselection related issues on non-terrestrial networks. Number of issues were discussed and consensus was made on some of the issues, however, we still have remaining issues to clarify. The purpose of this email discussion is to start discussion about PLMN selection and cell identity and clarify the remaining issues on cell selection/reselection based on the text proposal which is result of the last email discussion [1], as following.
	[107][NR/NTN] Cell selection and reselection   (LG)

-
Discuss the PLMN selection for service continuity and other FFSs for cell selection, discuss what is cell identity. 

-
Intended outcome: TP capturing cell selection selection 

-
Deadline:  Thursday


After discussion, proposals and updated text proposal will be provided in the report of this email discussion.
Deadline: October 3rd, Thursday
Discussion

PLMN deployment
Issue 1: PLMN identities between TN-NTN
In TS 38.304, the function definition of PLMN selection is as following.

	5.1
PLMN selection

In the UE, the AS shall report available PLMNs to the NAS on request from the NAS or autonomously.

During PLMN selection, based on the list of PLMN identities in priority order, the particular PLMN may be selected either automatically or manually. Each PLMN in the list of PLMN identities is identified by a 'PLMN identity'. In the system information on the broadcast channel, the UE can receive one or multiple 'PLMN identity' in a given cell. The result of the PLMN selection performed by NAS (see TS 23.122 [9]) is an identifier of the selected PLMN.

5.1.1
Support for PLMN selection

5.1.1.1
General

On request of the NAS, the AS shall perform a search for available PLMNs and report them to NAS.

5.1.1.2
NR case

The UE shall scan all RF channels in the NR bands according to its capabilities to find available PLMNs. On each carrier, the UE shall search for the strongest cell and read its system information, in order to find out which PLMN(s) the cell belongs to. If the UE can read one or several PLMN identities in the strongest cell, each found PLMN (see the PLMN reading in TS 38.331 [3]) shall be reported to the NAS as a high quality PLMN (but without the RSRP value), provided that the following high-quality criterion is fulfilled:

1.
For an NR cell, the measured RSRP value shall be greater than or equal to -110 dBm.

Found PLMNs that do not satisfy the high-quality criterion but for which the UE has been able to read the PLMN identities are reported to the NAS together with their corresponding RSRP values. The quality measure reported by the UE to NAS shall be the same for each PLMN found in one cell.
The search for PLMNs may be stopped on request from the NAS. The UE may optimise PLMN search by using stored information e.g. frequencies and optionally also information on cell parameters from previously received measurement control information elements.
Once the UE has selected a PLMN, the cell selection procedure shall be performed in order to select a suitable cell of that PLMN to camp on.


Upon receiving request by NAS, UE AS searches for available PLMNs and report them to NAS. Once PLMN is selected, the cell selection procedure shall be performed in order to select a suitable cell of that PLMN to camp on. As PLMN consists of mobile county code(MCC) and mobile network code(MNC), the PLMN identity is determined according to which country and network operator the cell belongs to. Therefore, it is possible to deploy separate PLMN to the NTN cells from TN cells. In this case, the PLMN selection can force the UE to camp on the NTN cell. 

Question 1: Do companies see benefits of deploying separate PLMN to the NTN cells from TN cells? If “Yes”, please provide detailed reasons and use cases.
	Company
	Yes/No
	Comments

	Vodafone 
	Yes
	Satellite coverage and services, either by GEO or LEO Satellites,  must have  separate PLMNs to differentiate their services and UEs location 

	CATT
	Yes
	But we wonder if RAN2 can decide which PLMN is used for NTN without SA2 input.

	OPPO
	Yes with comment
	This is fully deployment related issue, i.e., up to operator to decide on whether same or different PLMN for TN/NTN cells. From our perspective, this scenario can be considered in RAN2.

	Ericsson
	Yes
	Our understanding is that this is default. We would be interested to hear if common PLMN can actually be completely ruled out.

	ZTE
	Yes
	If separate PLMN are deployed to the NTN cells from the TN cells, the broadcast PLMN can be treated as an implicit indication showing whether it is a NTN or TN cell and can be helpful for NTN only UE or TN only UE to perform PLMN selection.

	LG
	Yes
	We agree with Ericsson that this is default.

	Nomor Research 
	Yes 
	Agree with Ericsson

	Nokia
	Yes
	It allows for easier and country specific, access management. 
We would like to understand if there are any potential considerations not to allow the configuration of common PLMN.

	MediTek
	Yes
	We agree with others above that PLMN for NTN must be separate from TN.

	Huawei
	Yes
	It is natural to have a separate PLMN for NTN network, but the detailed design is out of RAN2 scope.

	ITRI
	Yes
	From RAN2 point of view, separate PLMN for TN/NTN is beneficial to PLMN selection. It should be NAS layer task to differentiate TN/NTN by PLMN after UE successfully acquired SIB1. However, this is deployment issue.

	NEC
	Yes
	It is beneficial for NTN UE to select another PLMN, which is quite natural. 

	ETRI
	Yes, but
	We believe that defining NTN cells and TN cells as separate PLMNs has benefits from the RAN2 perspective. However, one PLMN between satellite access and terrestrial access network is one of network scenarios in SA2 (TR23.737). This decision is up to SA2.

	Sony
	Yes
	We also share Ericsson view that separate PLMN is default however common PLMN is also a possibility, depending on deployments.

	Thales
	Yes but with comment
	We are in favour of different PLMN ID for NTN cells and TN cells, but this is an implementation choice.

The selection of PLMN ID for NTN should cover the following scenarios:
1) Stand Alone: Same PLMN ID for NTN and TN cells. This PLMN should allow two network slices, one for NTN and another for TN. 

2)  Non Stand Alone (4G CN): Different PLMN ID, one for NTN cells and one for TN cells. 

One slice is associated to a certain QoS, a coverage area and for NTN probably also a maximum latency.

County agnostic PLMNs should still be a choice for an operator that controls a full global coverage with no roaming. 


	HNS/Echostar
	Yes
	We share the view of Vodafone


Observation 1: All the companies are in favour to have separate PLMN for the NTN cells from TN cells, but is an implementation choice.

Proposal 1: In RAN2 perspective, different PLMN deployment between NTN cells and TN cells should be possible.
If NTN cells have separate PLMN from TN, the next step is to discuss about PLMN separation between GEO and LEO. If PLMN of GEO and LEO satellites are separately deployed, in the network point of view, it could be more flexible to provide NTN services. Moreover, the PLMN selection may be able to force the UE which satellite type to camp on.
Question 2: If answer to question 1 is “Yes”, do companies also see benefits of deploying separate PLMN between GEO and LEO satellites? If “Yes”, please provide detailed reasons and use cases.
	Company
	Yes/No
	Comments

	Vodafone 
	Yes
	Operators must be able to distinguish the non-terrestrial service from a GEO to a LEO, from this follows that GEO and LEO coverages must have different PLMNs 

	CATT
	No
	We wonder if RAN2 can decide which PLMN is used for GEO or LEO without SA2 input. More addition, from RAN2 perspective, UE can distinguish GEO or LEO from frequency or Ephemeris or neighbour cell info in the serving cell.

	OPPO
	Yes with comment
	As replied to Q1, this is fully deployment related issue, i.e., up to operator to decide on whether same or different PLMN for TN/NTN cells. From our perspective, this scenario can be considered in RAN2.
On the other hand, we do not see separate PLMN as the only way / solution to prevent low TX power UE camping on GEO cells.

	Ericsson
	yes
	Our understanding is is that this is default. We would like to know if common PLMN between LEO and GEO needs to be assumed as then cell selection rules among LEO and GEO may need to be introduced.

	ZTE
	Yes
	Deploying separate PLMN between GEO and LEO satellites can be an implicit indication showing the current cell is a GEO cell or a LEO cell.

If GEO cells and LEO cells are always served by different PLMNs, different PLMN ID should be allocated for GEO network and LEO network so that UE with low transmission power will not select a PLMN providing GEO network service only.

	LG
	Yes
	In operator’s point of view, the separation between GEO and LEO may be needed. During SI phase, we would better to leave RAN2’s understanding in the TR so that other WG can consider our understanding.

	Nomor Research 
	Yes 
	Once again deployment issue 

	Nokia
	Yes
	Potential service differentiation could be achieved between GEO and LEO by having separate PLMN.

	MediaTek
	Yes
	We believe that separate PLMN for GEO and LEO NTNs will help the deployment and network management relatively easy. 

	Huawei
	No
	PLMN detail is out of RAN2 scope, we also think it is beneficial to indicate if it is a GEO or LEO cell, but this can also be done in system information, e.g. SIB1.

	ITRI
	No
	There are methods other than distinguishing GEO and LEO by PLMN (e.g., from RAN2 perspective the value of ssb-PBCH-BlockPower in SIB1, or may be the timing advance offset provided in SIB1). To differentiate GEO or LEO by PLMN would involve NAS layer task.
We are not against separating PLMN for GEO and LEO, but it should be deployment concern.

	NEC
	No
	I don’t see a very strong motivation for GEO and LEO as separate PLMN. The NTN related enhancement can be implemented by proper different configurations for LEO and GEO. 

	ETRI
	No
	The separate PLMN between GEO and LEO could be one of deployment options, but the same PLMN between GEO and LEO should not be excluded. Other ways to distinguish between GEO and LEO should be considered

	Sony
	Yes
	It depends on deployment options

	Thales
	Yes
	A deployment issue linked to the understanding of slicing.

	HNS/Echostar
	Yes
	We share the view of Vodafone


· Summary of Issue 1
For Q1, all the companies think different PLMN deployment is required between TN cells and NTN cells. For Q2, not all the companies agreed but the majority view was that different PLMN deployment is required between GEO and LEO satellites, because they have much different coverage and delay characteristics. However, determining the PLMN usage is not RAN2’s scope, we could say that the conclusion of this discussion is RAN2 perspective. Therefore, we may need further discussion whether this issue requires other WG’s input.
Observation 2: Regarding PLMN deployment between GEO and LEO, majority view sees benefit if GEO and LEO can be distinguished by PLMN identities.
Proposal 2: In RAN2 perspective, different PLMN identities can be deployed between GEO and LEO. How to distinguish them by PLMN identities is implementation issue.

Observation 3: Decision of PLMN deployment is not RAN2’s scope.

Proposal 3: Regarding P1 and P2, RAN2 is asked to discuss whether input from other WG is required for this issue.

Issue 2: Defining new maximum number of PLMN identities [5]

In the RAN2#107 meeting, there was a contribution about maximum number of PLMN [5]. As maximum beam foot print diameter of GEO is 500km and LEO is 200km, one cell coverage may cover number of countries at a time. Therefore, the satellite access network can be shared between multiple core networks so that the number of PLMN identifiers may exceed the maximum number of PLMN identities in the plmn-IdentityList which is declared as maxPLMN and specified with a value of 12 in TS 38.331.

At this moment, it seems worth to share the view from the companies about necessity of defining new maxPLMN for NTN(e.g. maxPLMN-NTN). As mentioned in this contribution, of course, the final number shall be determined in stage 3 level discussion.
Question 3: Do companies think it is necessary to define new maximum number of PLMN identities, regarding the scenario described in [5]? 
	Company
	Yes/No
	Comments

	Vodafone
	Yes
	Considering that GEO Satellites could cover many countries and territories and cellular operators would share the Satellites services through a MOCN Shared network architecture, in order to identify and to differentiate services between operators, there must be multiple PLMN identities. Therefore the maximum number of PLMN identities should be greater than 12 we propose 30 to cover a variety of combinations 

	CATT
	
	We are not sure what we can do without input from other groups.

	OPPO
	
	This is fully up to operator to decide, and tend to agree with CATT that input from other WGs (e.g., SA1/SA2) would be needed on this.

	Ericsson
	depends
	We see benefits for having distinguishable PLMN for NTN and TN such that PLMN selection(cell selection) can be done based on PLMN.

	ZTE
	
	Should be evaluated and defined by operators.

	LG
	
	It seems reasonable to define new value, but it can be decided by operators.

	Nomor Research 
	Yes 
	See our contribution [5] for argumentation and see Vodafone comment. 

	Nokia

	
	We are not convinced yet with the arguments to support the increase in the size of PLMN list for NTN.

	MediaTek
	
	We agree with CATT and OPPO that this needs to be discussed more with other working groups, like SA2.

	Huawei
	Not now
	If other group has this kind of concern, we can address this issue in stage-3.

	ITRI
	
	We think more input is needed from other working groups.

	NEC
	unclear
	This is up to other WGs, SA2/RAN3 maybe?

	ETRI
	
	We are not sure if the maximum number of PLMN IDs are extended. 

	Sony
	
	We think more input is required to increase the number of PLMNs from 12. 

	Thales
	Not now
	From a first analysis we considered big GEO cells that could request an increment of the maximum PLMN of the PLMN list associated to a cell.
In our understanding is a phase 3 decision.

	HNS/Echostar
	
	More discussion needed


· Summary of Issue 2
Many companies think extending the maximum number of PLMN identities is reasonable, but the decision may be out of our discussion scope. The decision may be made by operators or other WGs.

Observation 4: Companies see necessity of extending the maximum number of PLMN identities, but more discussion by other WGs is needed.
Proposal 4: Further discussion about extending the maximum number of PLMN identities is required by other WGs. The final decision may be made during WI phase.

Identification of NTN cell 
Issue 3: Identification information of of NTN cell
When a UE is camping on a cell, the UE acquires system information of the serving cell which includes cell identity of the serving cell. If a UE is using NTN service, the UE may be required to identify whether a cell is NTN cell or not, because it may effect on cell selection/reselection rules of the UE. Moreover, as we have discussed issues separately between GEO and LEO, it may effect on other issues. Therefore, introducing an indication of NTN cell can be discussed.
Question 4: Do companies think introducing satellite type indication is required? If “Yes”, please provide detailed reasons and meaning of the indication.
	Company
	Yes/No
	Comments

	Vodafone 
	Yes
	This is a necessary feature particularly:

- for a Moving Cell LEO scenarios, where the UE needs to let the network know it is under a fast moving cell and Cell selection and re-selection occurs every ~7 seconds

- for both GEO and LEO scenarios where the UE can pick up the round trip latencies from the SIBs broadcasted by the Satellites 

	CATT
	No
	If the NTN and TN have different PLMN, UE can distinguish whether it’s a NTN cell or not. 
For GEO and LEO case, UE can distinguish GEO or LEO cell from frequency or Ephemeris or neighbour cell info in the serving cell.

	OPPO
	No
	Since a NTN-specific SIB is probably needed, we believe one can already judge NTN cell from the existence of the NTN-SIB in SIB1.
For differentiation between LEO and GEO, we need to firstly understand the reason/motivation to differentiate LEO and GEO, before looking into the solution.

	Ericsson
	
	Our default assumption has been that UE can recognize from PLMN if the network is NTN. Further, NTN specific SI should be enough to recognize that cell belongs to NTN network. 

	ZTE
	Yes
	For cell selection, if GEO cells and LEO cells are always served by different PLMNs, different PLMN ID should be allocated for GEO network and LEO network so that UE with low transmission power will not select a PLMN providing GEO network service only. But if a PLMN provides both GEO and LEO network service, the PLMN selection solution no longer works, a cell-level indication is needed to show the satellite type (e.g. LEO/GEO) so that UE with low transmission power will not select a cell served by high altitude satellite. 
For cell reselection, if the satellite type of a neighbor cell is known to UE, UE with low transmission power can skip the measurement and SIB1 reading for such a neighbor cell which has been indicated as a GEO cell.

	LG
	Partially
	Even if the PLMN is separated between GEO and LEO, the UE needs to acquire SIB of each neighbor cell to identify it. It would occur more power consumption and time delay. If satellite type indication is provided in SIB of each cell, still same problem exists. Therefore, it would be better to provide satellite type of each neighbor cell in the neighbor cell list (e.g. SIB4 in NR) by the serving cell.

	Nomor Research 
	
	NTN UEs will recognize from an NTN specific SIB that this is a NTN gNB. 
Not sure if the answer to your question is yes or no. 

	Nokia
	
	We think existing SIB1 might require extension to support NTN access, further based on the amount of essential broadcast information required for NTN, defining additional NTN specific SIB could be possibility. Thus, we think an NTN UE would recognize NTN from SIB1.
We do also agree that, a UE could recognize NTN based on PLMN.

	MediaTek
	May be
	Although UE can recognize the NTN-type depending on PLMN identity, it might be helpful to UE for mobility management, if satellite type indication is included.

	Huawei
	Yes
	GEO cell and LEO cell are quite different, especially in aspects of latency and mobility challenges. It is beneficial to indicate this kind of information in SIB to UE to make the cell selection/reselection more efficient.

	ITRI
	No
	We don’t see the need to indicate satellite type if UE can distinguish TN/NTN by PLMN.

It is possible for UE to differentiate GEO and LEO without involving NAS layer effort (e.g., based on the timing advance offset provided in SIB1). 

	NEC
	No
	Since in Q1 all companies agreed to have an separate PLMN for NTN network then why do we need additional indication for NTN cell?

	ETRI
	No
	UE can differentiate NTN cells from TN cells by PLMN IDs or Frequency bands. If the same PLMN between LEO and GEO, the ephemeris information can be used.  We do not think that a satellite type indication (GEO or LEO) is needed.

	Sony
	Yes but
	We think that serving NR cell informing the presence of GEO or LEO in the neighbourhood may help UE to measure these cells. Once camped on a cell, UE may be aware of satellite cell or satellite type from other information and no explicit indication may be required 

	Thales
	Yes
	NTN parameters such as type of satellite (LEO, GEO , transparent, regenerative), satellite ephemeris, neighbors cells … are to be notified to the UE. One method could be via SIB signaling but other signaling or configuration methods may also be considered.

	HNS//Echostar
	Yes
	Will be useful due to the difference in characteristics that impacts UE


· Summary of Issue 3
There was no consensus about introducing satellite type indication. Some companies think different PLMN deployment and NTN-specific SIB is enough to identify the NTN cell type by the UE. However, some of other companies think the indication is particularly necessary feature because the PLMN may not be work if a PLMN provides both GEO and LEO network service. Therefore, further discussion is required about necessity of satellite type indication.

Observation 5: There was no consensus about introducing indication of the satellite type of an NTN cell.

Proposal 5: Discuss further whether indication of the satellite type of an NTN cell is required even if different PLMN is deployed between GEO and LEO.
Issue 4: Contents of ephemeris information for cell reselection. [3][4]
In the last email discussion, most companies shared the views that providing ephemeris information with cell deployment information and UE location information can help UEs to perform measurement and cell reselection. Now, what to be included in the ephemeris information and its reasons/benefits can be discussed.
Just for the reference, following is a proposal submitted to the RAN2#107 meeting.

· The PCIs of cells covered by the serving and neighbor satellites should be broadcast to UE along with the ephemeris information. [4]

Questions 5: Companies are invited to provide their views what to be included in the ephemeris information and reasons/benefits to be included.
	Company
	What to be included

	Benefits

	Vodafone
	As described in [4] Ephemeris information and cell’s PCI, this looks comprehensive unless other companies need to add further details
	1- The Ephemeris would let the UE know of its exact position using astronomical data 
2- The PCI would  let the UE know the camped and neighbouring Cell information 

	CATT
	Ephemeri info, satellite ID, PCI, frequency
	1. The Ephemeris and satellite ID can help the UE to identify a specific satellite to do measurements if more than one satellite covers the same area. 

2. The PCI and frequency will help the network to update the neighbour Cell information if neighbour Cell set changed. More addition, PCI, frequency and Ephemeris can help UE to do cell selection.

	OPPO
	For satellite, the ID and type (regenerative, transparent);
For cell, (E)CGI info;
And the association between the two above, i.e., satelliste and cells.
	We believe the key is for UE to understand the cell coverage, which can be derived from the ephemeris information which is satellite specific, and the association relationship information between satellite and cells. 
It is important to identify cells without ambiguity, so that PCI may not be enough, CGI related information would be helpful. 

	Ericsson
	
	It is nor clear if satellite ID is needed, for now conclusion has been it is not needed. Use case should be explained first.

	ZTE
	Ephemeris information and cell’s PCI
	In our understanding, NW should broadcast the PCIs of cells served by the serving and neighbour satellites to UE along with the ephemeris information. 
Based on the ephemeris information and UE location, UE is aware of the location of the serving satellite and the neighbour satellite. With the PCIs information provided, UE get to know the cell information served by the serving satellite and neighbour satellites and can then perform measurements and cell reselection accordingly to find a suitable cell.

	LG
	Cell deployment information based on the geographical position of the UE.
	As in NR the serving cell broadcasts neighbour cell information, the network can provide the cell deployment information after receiving the UE’s current geographical position. Therefore, the UE can realize which GEO and LEO cells may be detected (this may be “Ephemeris information”) in its current position.

	Nomor Research
	Ephemeris, satellite ID, PCI, frequency, beam identities 
	1. The Ephemeris and satellite ID can help the UE to identify a specific satellite to do measurements if more than one satellite covers the same area. 
2. The PCI and frequency will help the network to update the neighbour Cell information if neighbour Cell set changed. More addition, PCI, frequency and Ephemeris can help UE to do cell selection.
3. Beam identities of neighbour beams to support fast beam switching. Beam switch has to be fast and will occur every few seconds. It is important to support the UE in this procedure. It is likely that a single satellite will separate cells by different beams and not be different PCIs. 

	Nokia
	Satellite ephemeris data is as defined by the satellite industry today (an e.g. of ephemeris data is available in the TR). 

Our view is that, for NTN, we need to identify a subset of already defined satellite ephemeris information elements that would be mandatory to broadcast. 

We think, NR SIBs can also include additional essential information needed for NTN. However, in our views this must not be labelled as ephemeris data.
[Please also see our reply to previous question].
	[Remarks: In an NTN offline during the last meeting, it was rather agreed that one of the satellite companies shall provide the structure and size of essential ephemeris data (that the network needs to broadcast) to be discussed in this email discussion.]

	MediaTek
	Satellite Id/Type

PCI and CGI

Ephemeris (location)
	

	Huawei
	Ephemeris data, PCI and frequency
	Besides of current existing ephemeris information, PCI and frequency are at least needed for cell identification.

	ITRI
	Ephemeris data, satellite ID, frequency (list), PCI (list)
	We think the information included in the ephemeris could be used in helping UE to predict the position of a satellite. In addition to conventional ephemeris data,  

- satellite ID  allows UE to unambiguously  identify a satellite.

- the operation frequency (list) of the cells provided by the satellite can be used for cell selection/reselection. 

- a satellite may provide the service of more than one cell, a list of PCIs can help UE in mobility management.

	NEC
	Ephemeri info, satellite ID, PCI, frequency
	The UE needs the Ephemeris information and satellite ID identify which satellite it is, and where the satellite is, so as to perform the mobility issue (location based mobility). 
The PCI and frequency will help the network to update the neighbour Cell information if neighbour Cell set changed. The UE needs PCI and freq to perform cell selection/reselection

	ETRI
	Satellite ID
	We believe that the satellite ephemeris information would be helpful in NTN. The satellite ephemeris information could be pre-configured in UE and the part of it (e.g. satellite ID) could be broadcasted for mapping cells to satellites. 

	Sony
	General ephemeris information

Neighbour cell information   
RACH information of neighbour cells
Frequency and/or GEO/LEO identification 
	Ephemeris information will be beneficial for cell selection/re-selection as well as location report, handover, link adaptation etc.

Neighbour cell information as already included in Rel-15 is beneficial for measurement.

To include RACH information of neighbour cells in addition may be helpful to accelerate the RACH procedure considering the long propagation delay. 
Frequency and/or GEO/LEO identification will help UE to perform measurement.

	Thales
	Some additional specific NTN may be added in SIB
	Satellite ID is not needed. Satellite ID is used only for satellite operations (see contribution R2-1908843).

In addition to the list of parameters already included in SIB, the following parameters may be added: 

· satellite ephemeris: for timing advance and Doppler compensation

·  maximum cell size for RAR window offset

· NTN type (LEO, GEO regenerative or transparent) for RACH procedure (e.g.RAR window offset)
Other signalling methods may be considered to provide these additional NTN parameters.




· Summary of Issue 4

Companies commented a lot of things to be included in the ephemeris information, and the common things were PCI and frequency. Further details can be discussed during WI phase when NTN-specific SIB is designed.
Observation 6: Companies think at least PCI and frequency is needed for cell identification by the UE, which is included in the broadcast system information.

Proposal 6: Discuss further details about signalling and contents of ephemeris information in the WI phase discussion.

Others
Issue 5: Clarification of problematic points of frequent SI update in LEO satellite case. [2]
In the last email discussion, some companies thought that LEO satellites may occur frequent neighbour cell set change so that frequent SI update needs to be considered. However, other companies commented that this is network implementation issue how the content of system information is comprised. Therefore, we need to clarify in which cases frequent SI update is really cannot be solved by network implementation. If couldn’t, this issue may not need to discuss further 

Question 6: Companies are invited to provide comments in which case current mechanism is not sufficient to solve frequent SI update in LEO satellite issue, if any.

	Company
	Problematic case

	Reasons

	Vodafone
	This is a wide question and would require its own discussion time however one issues that is most evident is the case of moving LEO with moving cell and how to transit SI for a fast changing cell 
	For a stationary UE under a moving LEO cell, the UE would experience a cell selection and reselection approximately every 7 seconds. One remedy would be, through SIBs. To let the UE know to prepare for frequent and regular Cell selection and re-selection and not to perform RSRP/RSRQ measurements as next LEO cell with equal RF characteristics would be arriving in ~7 seconds. Essentially the UE hops from one LEO cell to another in a blind selection/reselection.
As suggested previously the SI would ONLY transmit parameters which are changing so for a LEO cell which is moving regularly over the UE there is no need to transmit SI with every cell selection and re-selection  

	CATT
	When lots of LEO is moving toward high latitude
	When lots of LEO is moving toward high latitude, some new cells with new PCI+frequency will become new neighbour cells of the current cell. Due to larger density of LEO satellites in high latitude, the current cell will at least frequently update the inter-frequency info in SIB4, in current NR spec, any small SI change apart from SIB1 will cause the UE to re-acquire all the other system information. We think it’s too hard for UE to do cell selection or reselection evaluation with changeable SIB4 as inter-frequency info is mandatorily present in SIB4, anyway the network has to do SI update so it’s not a network implementation issue.
More addition, if UE can know the changed inter-frequency info itself  based on ephemeris and UE location. The UE doesn’t have to re-acquire all the other system information frequently as UE can do cell selection or reselection evaluation itself, more easy way from system perspective and this is also alighted with  ephemeris and UE location based cell selection or reselection 
echanism.

	OPPO
	We do not see problematic case here.
	If the issue is for cell-specific parameters, we do not see it as a problematic case since the cell-specific parameter setting is optional, and thus if only frequency-specific parameters are used, there is no need to update SIB for the dynamic neigh boring cell topology.
If the issue is for frequency-specific parameter, we do not see that the reason to change the parameter based on the dynamic neighbouring cell topology. 

	Ericsson
	
	Prefer to leave it as network implementation issue. We have not so far identified cases that need specification changes.

	ZTE
	No 
	How frequent the system information is updated is closely related to the cell size and deployment. The detailed neighbour cell information in SIB2-4 is configured by NW implementation, which will also impact how frequent the system information is updated. The up to date system information can be provided to UE following the existing R15 procedures and there is no need to optimize it.

	LG
	Do not needed, because the cell deployment might be static
	The GEO is stationary in ground UE’s point of view, and LEO moves on predictable path but it is expected that the path might not vary frequently. Therefore, even if there  may be lots of LEOs move around, after once the network provides the cell deployment information to the UE, the modification might not frequently.

	Nomor Research 
	No cases identified that can not be solved by network implementation
	

	Nokia
	In our view, there is no such case identified yet.
	

	MediaTek
	Network optimization can be done as LEO satellites move in a predictable paths (fixed orbits_
	As LEO satellites move on predictable paths, the network can be designed in a way such that frequent SI updates can be resolved using some optimization techniques.

	Huawei
	Frequent SI reading is inevitable due to frequent cell reselection, but frequent SI update during the period when UE camps on a cell can be avoided by network implementation.
	

	ITRI
	No problematic case is identified.
	Though the neighbour cells change frequency, but the frequencies provided for inter-frequency and inter-RAT cell reselection need not to be changed. 

	NEC
	No
	The current SI mechanism can make sure the frequent SI update can be done by network implementation.

	ETRI
	
	We have not identified any cases that require specification impact.

	Sony
	We don’t see a problem 
	UE may perform frequent cell reselection and SI may have a validity of a cell or area.

	Thales
	In our view, there is no such case identified yet.
	In our understanding this is link to an implementation choice: 

Some NTN parameters may need to be refreshed (e.g. ephemeris, cell size, …). In case these parameters are transmitted in SIB, this would require update of SIB contents.  The update frequency will depend on the satellite scenario (orbit, type of cells fix or moving, regenerative or transparent, ...). 

Other signalling or configuration methods could be considered to provide the specific NTN parameters.


· Summary of Issue 5

After two times discussion about frequent SI update issue, no case was identified which cannot be solved by current specification.

Observation 7: No problematic case was identified for frequent SI update issue. Common understanding by the companies is that it can be solved by current specification.

Proposal 7: Frequent SI update issue is not considered.

Issue 6: Clarification on UEs with low transmission power to camp on the cells with high altitude. [3]
 In the last email discussion, no consensus was made on Ues with low transmission power camping on the cells with high altitude issue, whether it is covered by current specification or not. Nevertheless, if UE can identify whether an NTN cell is GEO or not, the Ues with low transmission power will be able to avoid camping on the GEO cells which have much higher altitude than LEO cells. Therefore, we could discuss this issue further after any consensus is made about identification of satellite type of NTN cells.

In the issue 1 and 3 of this email discussion, how to identify whether an NTN cell is GEO or not will be discussed. Therefore, what to be discussed here is, if a UE with low transmission power detects a GEO cell but satisfying cell reselection criteria, whether additional solution is required to avoid camping on the cell or current specification already supports it (e.g. barring mechanism, offset to cell reselection rules).
Questions 7: If UE is able to identify GEO cells, do companies think additional solution is required to avoid Ues with low transmission power to camp on the cells with high altitude? Please provide detailed reasons why it is needed or not.
	Company
	Yes/No
	Comments

	Vodafone
	Possibly 
	If the Ues are unable to detect the weak GEO signal, due to either low received Tx power or poor receiver sensitivity, Ues will not be able to camp by default. 
It is very difficult thing to engineer:  how can we tell the UE which is not receiving a signal NOT to camp? If the UE is unable to receive the signal the default scenario would be not to camp!

The other possible solution would be to use ephemeris data and to let the UE know that it is in a weak GEO signal location and not to camp on the GEO Satellite signal 

	CATT
	No
	If UE is able to identify GEO cells, the UE can avoid to camp on such cell, that’s sufficient.

	OPPO
	No
	Our understanding is Pcompensation in S-criterion has already handled this issue, i.e., lower TX power UE would cause a high value of Pcompensation, and thus Srxlev would be a negative value, which prevent the UE to camp on the cell
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation – Qoffsettemp
and thus not clear why additional mechanism is needed.

	Ericsson
	No
	
We do not see how a UE with low power would accidentally camp on a GEO cell. This issue would mostly likely need to be resolved through PLMN selection where for instance the RTT to the satellite or similar might be a criteria.

	ZTE
	No 
	If UE is able to identify the GEO cells, it can be left to UE implementation to avoid camping on a high altitude cell when its transmission power is low.
About the Pcompensation mentioned by OPPO, I agree UE will not camp on a cell if the S criterion is not satisfied. However, UE has to measure the neighbour cell and acquire system information first to get all the input to see whether the S criterion is satisfied or not. 
If the satellite type of a neighbour cell is known to UE, UE with low transmission power can skip the measurement and SIB1 reading for such a neighbour cell which has been indicated as a GEO cell.

	LG
	No
	We are discussing enough how the UE can identify the GEO cell simply, so that it is expected that the UE will not camp on a cell if the S criterion is not satisfied.

	Nomor Research 
	No
	It is sufficient if UE can identify GEO cells

	Nokia
	No
	Current access barring mechanisms can be used.

	MediaTek
	No
	We agree with Ericsson that a low-power UE does not need to camp on a high altitude GEO cell at all. 

	Huawei
	No
	It can be left for UE implementation.

	ITRI
	No
	If UE is able to identity GEO cells, it can be left to UE implementation to avoid camping on a high altitude GEO cell when the transmission power is low.

	NEC
	No
	It can be left for UE implementation of which cell it will camp. 

	ETRI
	No
	No additional solution is required. 

	Sony
	No
	We think that low power UE will also have lower receiver sensitivity and may not be able to detect GEO cells.

	Thales
	No
	If the UE is able to identify the GEO cells, it can be left to the UE implementation to avoid camping on a high altitude cell when its transmission power is low.

	HNS/Echostar
	No
	It can be left for UE implementation of which cell it will camp. 


· Summary of Issue 6

If the UE is able to identify the GEO cells, most companies think to avoid UEs with low transmission power to camp on the cells with high altitude is up to UE implementation.

Observation 8: If UE is able to identify the GEO cells, most companies think no additional mechanism is required to avoid UEs with low transmission power to camp on the cells with high altitude,

Proposal 8: To avoid UEs with low transmission power to camp on the cells with high altitude is left for UE implementation.
Issue 7: Other issues
Question 8: Companies are invited to provide any additional issues to be discussed.
	Company
	Comments

	Vodafone
	Issues associated with fast moving LEO Cells, such as neighbouring list and system information should be tackled in full after the completion of the Study Item Phase, i.e. in the Normative Phase.
Rapporteur: I agree. During the next meeting, we may need to discuss how to conclude our remaining Study Item Phase discussion.

	CATT
	How to start the measurements in NTN system
In NTN system, the situation is not the same as the near-far effect is quite different between NTN and TN system. To simplify the analysis, we illustrate the issue in the following :
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Figure 1 A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN

In practical deployments for NTN, there are areas of overlap at the beam edge which can be significant when compared to the terrestrial case. In terrestrial systems, a UE can determine it is near the edge of a cell due to the near-far effect – a clear difference in RSRP in the center of a cell as compared to cell edge. But such an effect may not be as pronounced in non-terrestrial deployments as the difference in signal strength between two beams in overlap region may be low.

Due to the low difference of signal strength between two beams in overlap region, it’s really difficult to give a proper threshold to control UEs when to start the measurements of 
eighbour cells in NTN system.  It’s a common phenomenon that the signal will jitter along the time due to the wireless link interference. But in TN system, the effect caused by signal jitter is limited as signal jitter amplitude in TN is usually lower than the signal difference between the center and the configured measurements threshold, so no frequent measurements will be triggered by mistake. From UE power saving perspective, the desirable UE measurement 
eighbour is that Ues start to measure the 
eighbour cells when Ues is near the edge of the serving cell. In other words, Ues should start to measure the 
eighbour cells when the signal of the serving cell is low enough. 
But in NTN system, the signal of the serving cell is still strong enough even if the UE is moving to the overlap region. The issue is that if the network sets a low threshold for measurements initiation, the UE may never start the measurements of 
eighbour cells during HO, while if the network sets a high threshold for measurements initiation, a small signal jitter may cause UE to perform the measurements of 
eighbour cells. In the latter case, the UE may frequently start to measure the 
eighbour cells by mistake.
Rapporteur: I understand the intention and I remember once it was mentioned by Thales in the meeting in May. However, it could be network implementation issue, so I propose to discuss this issue more deeply during our upcoming meeting.

	Ericsson
	In our understanding this email discussion was intented to cover the FFSs discussed in RAN2#107:

· Service continuity between NTN and NT PLMN when Ues are in idle mode. That is cell selection rules for that.

· Cell selection/reselection for NTN for country agnostic PLMN
And it was intented to address FFS from the previous email discussion, see comments in TP below.
Rapporteur: According to our discussion including email discussion about service continuity issue with some agreements made during the last meeting, it seems this issue became stable because most of proposals made consensus and there is not urgent issue  to discuss right now.
 Referring to our last discussion note :

 “Discuss the PLMN selection for service continuity and other FFSs for cell selection, discuss what is cell identity.”
My understanding of intention of this email discussion is to discuss PLMN selection related issues in service continuity between TN-NTN point of view, and FFS of cell selection/reselection issues. Therefore, my intention is to concentrate on PLMN deployment issues first this time because we didn’t have any discussion about this ever, so that we can make consensus about PLMN usage which is being discussed in the issues 1~3 of this email discussion. After making some consensus about PLMN deployment, we could make further progress about service continuity if required.

	ZTE
	We had some discussions in the past several meetings and agreed to use fixed tracking area mechanism for NTN LEO.

Two approaches have been included in TR38.821:

Approach 1: For the case when UE location information is unavailable, network update the broadcast TAC in real time according to the ephemeris and confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. UE listens to TAI = PLMN ID + TAC and determines to trigger registration area update procedure based on the broadcast TAC and PLMN ID when it moves out of the registration area. FFS enhancements on UE assistance information in tracking area management in Approach 1.

Approach 2: For the case when UE location information is available, FFS if UE location information (either obtained via GNSS or non-GNSS) is utilized in tracking area management and what is the solution in that case.

Since we have already agreed those two approaches on table, we would suggest to further discuss the two FFS left to complete these two approaches.
For the first FFS: FFS enhancements on UE assistance information in tracking area management in Approach 1,we suggest to provide a TAI list determined based on UE observation to network as assistance information to help network update the registration area for UE. And the UE assistant TAI list should be provided to network via Registration Request when UE detects it has moves out of the registration area or when UE detects the current registration area is too large.

For the second FFS: FFS if UE location information (either obtained via GNSS or non-GNSS) is utilized in tracking area management and what is the solution in that case, we suggest to divide the earth into a lot of girds and each grid is mapped to a certain TAC. UE derives the TAC based on the location information and the mapping rule between the geographical area and TAC and forms the TAI based on the TAC derived from UE side and the broadcast PLMN ID. When UE moves to a new geographical area, UE derives the TAC based on the location information and forms the TAI based on the derived TAC and PLMN ID. If UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered to, a mobility registration update procedure will be triggered.
Rapporteur: I understand that we have remaining issues to discuss about tracking area mechanism especially fixed-on-earth case and they have to be arranged during the study item phase discussion. As chair commented in the last meeting, I propose to concentrate to make consensus about PLMN deployment as much as possible this time and discuss the remaining tracking area issues after upcoming meeting.

	Nomor Research 
	Of course, for mobility the exact content is important to move on with the solutions and this was the scope of the email discussion. Still in our view basic agreements on system information are still missing because we never discussed this issue. 
We will submit a revision of R2-1908989 on this with the following proposals: 
Proposal 1: 
The general NR System Information Provisioning procedure as described in TS38.300 does not need to be modified for NTN. 
Proposal 2: 
New system information parameters might need to be added to the NR System Information to support NTN. 
Proposal 3: 
For NTN, the definition of an additional NTN specific SIB might be considered, if deemed to be required. 

Proposal 4: 
The existing NR SIB1 may need to be extended to support initial access in NTN. 

Proposal 5: 
TR38.821 should capture a non-exclusive list of potential system information parameters, while final decision about specific parameter and information elements is up to stage 3 specification. 
Rapporteur: Let us have a discussion about this issue during the meeting next week.

	NEC
	We agree with the scenario proposed by CATT, and we think it is essential to be resolve, rather than leave it to implementation. 

	Sony
	We share Ericsson comment about service continuity but agree with the proposed way forward from the rapporteur.

	Thales
	UE location in NTN:

UE location information can be provided by the satellite with a maximum error of 10 Km. This should be sufficient for the first cell selection phase.

This process already exists in legacy systems and was described in R2-1905905. We will resubmit the TDOC to solve the FFS related to UE location in NTN systems in idle mode.

Transition between TN and NTN networks
In our understanding the transition between the two types of networks could be handled as follows.

· Transition TN to NTN based on loss of TN signal, the UE should start monitoring for NTN cells (could be an option to activate in the UE)

· Transition from NTN to TN: When the UE is out of TN coverage should be monitoring from time to time for TN cells. The monitoring frequency should be variable depending on the last time it was synchronized to TN. Once the TN cell is detected it should have priority from NTN cells.

Rapporteur: Let us have a discussion about this issue during the meeting next week.


Conclusion

In conclusion, we propose the followings:

Issue 1: PLMN identities between TN-NTN
Observation 1: All the companies are in favour to have separate PLMN for the NTN cells from TN cells, but is an implementation choice.

Proposal 1: In RAN2 perspective, different PLMN deployment between NTN cells and TN cells should be possible.
Observation 2: Regarding PLMN deployment between GEO and LEO, majority view sees benefit if GEO and LEO can be distinguished by PLMN identities.
Proposal 2: In RAN2 perspective, different PLMN identities can be deployed between GEO and LEO. How to distinguish them by PLMN identities is implementation issue.
Observation 3: Decision of PLMN deployment is not RAN2’s scope.

Proposal 3: Regarding P1 and P2, RAN2 is asked to discuss whether input from other WG is required for this issue.

Issue 2: Defining new maximum number of PLMN identities
Observation 4: Companies see necessity of extending the maximum number of PLMN identities, but more discussion by other WGs is needed.
Proposal 4: Further discussion about extending the maximum number of PLMN identities is required by other WGs. The final decision may be made during WI phase.

Issue 3: Identification information of NTN cell
Observation 5: There was no consensus about introducing indication of the satellite type of an NTN cell.
Proposal 5: Discuss further whether indication of the satellite type of an NTN cell is required even if different PLMN is deployed between GEO and LEO.
Issue 4: Contents of ephemeris information for cell reselection
Observation 6: Companies think at least PCI and frequency is needed for cell identification by the UE, which is included in the broadcast system information.

Proposal 6: Discuss further details about signalling and contents of ephemeris information in the WI phase discussion.

Issue 5: Clarification of problematic points of frequent SI update in LEO satellite case
Observation 7: No problematic case was identified for frequent SI update issue. Common understanding by the companies is that it can be solved by current specification.

Proposal 7: Frequent SI update issue is not considered.

Issue 6: Clarification on UEs with low transmission power to camp on the cells with high altitude
Observation 8: If UE is able to identify the GEO cells, most companies think no additional mechanism is required to avoid UEs with low transmission power to camp on the cells with high altitude,

Proposal 8: To avoid UEs with low transmission power to camp on the cells with high altitude is left for UE implementation.
Text Proposal (TR 38.821) 

7.3 
Control plane enhancements

7.3.1 
Idle mode mobility enhancements

7.3.1.a Enhancements to idle/inactive UE mobility procedure 

For the idle/inactive mode UE procedures in NTN, NR mechanism in TN system is regarded as the baseline. Regarding the adaptation of existing procedures, followings issues were considered.

· For too frequent SI update issue, no problematic case was identified. This issue can be solved by network implementation.

· Under earth-fixed tracking area mechanism, cells sweeping the Earth do not cause heavy signalling burden because of frequent TAU for the LEO satellites.

· For UEs with low transmission power camping on the cell with high altitude issue, if UE is able to identify GEO cell, it can be left for UE implementation to avoid this issue and no additional mechanism is needed. 
7.3.1.b Mobility state estimation mechanism
 For GEO satellites, the cell coverage is very large so that UE’s mobility will happen very rare. For LEO satellites, the UE’s speed can be ignored compared to the speed of LEO satellites. Therefore, as use case of MSE is not clear in both GEO and LEO case, the MSE mechanism for NTN usage is left for implementation decision.
7.3.1.c Using ephemeris information and UE location information
Ephemeris information and UE location information can be used to help UEs perform measurement and cell selection/reselection, in addition to PCI and frequency information included in the broadcast system information. How to deliver and utilize the information is FFS.
7.3.1.d System information broadcast
 As LEO satellites are moving in predictable path, so their neighbour cell list is also predictable. The neighbour cell list can be provided via broadcast system information, as is currently done in NR.
7.3.x 
PLMN identities deployment

7.3.x.a PLMN separation between NTN cells and TN cells
Deployment of PLMNs with specific PLMN IDs for respectively NTN cells and TN cells should be possible.
Deployment of PLMNs with the same PLMN ID for both NTN cells and TN cells should also be possible.

Deployment of NTN cells and TN cells with different S-NSSAI identifiers (see 3GPP TS 23.501) in the same PLMN should be also be possible.
7.3.x.b PLMN separation between GEO and LEO satellites
Deployment of PLMNs with specific or the same PLMN IDs for respectively GEO and LEO NTN cells should be possible.
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�After further analysis, we have modified our answer to be more clear “YES with comment”
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