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1. Introduction
This document considers some of the issues related to the usage of cell identities in network interfaces for access using NTN. Although RAN3 is waiting for some clarifications from other WGs, at least some aspects captured in Editor’s Notes can be considered in order to start clearing up the related stage 2 text. This document examines the outstanding EN’s, proposes resolutions and provides an associated Text Proposal.
2. Discussion

After RAN3#112-e, the stage 2 baseline [1] relating to identities was further developed although a number of Editor’s Notes were also introduced. In addition, an LS [2] was sent to various WGs which may also help with clarification in this area, once replies are received. In particular, clarifications may be provided on the following topics
· At which point / to which precision the RAN becomes aware of the UE’s location.
· What the RAN shall report in terms of tracking area towards the CN
Depending on the specific answers, some stage 2 text may need to be captured, but this can be considered once all the replies are available.
Observation 1: The answers to the LS [2] sent in RAN3#113-e may trigger some stage 2 text, if needed, and this can be considered once the LS replies are available.

For now, some progress could be made by trying to address the Editor’s Notes in [1]. They are listed below and are analysed in turn: 
2.1 EN1:
it is FFS whether the Cell Identity indicated by the gNB to the Core Network should be specified per function/procedure/feature as above.

Until now, the Information Elements which are highlighted are those for which it seems quite clear that a mapped cell ID should be used. The cases typically are:
· When the CN is a consumer or generator of the cell identity as a proxy for geographical area (e.g. for ULI, PWS, location reporting and associated area of interest)

· When the RAN is consumer and generator, but there is an unknown timing gap between generation and use (e.g. paging optimization based on recommended cells)

Beyond these obvious cases, there is a grey area of features (e.g. Trace/MDT and SON) [3], which may not necessarily be deployed in NTN in this release, or for which some customization may be needed. 

A possible way forward would be to keep the existing text with list of IEs for which this is essential, but not continue this approach. Instead we could add a note stating e.g. that use of mapped Cell Identities is not mandated in other cases, but the Core Network is not expected to be aware of the instantaneous coverage area of a cell.
In line with the above, it seems also useful to move the sentence that states that “The mapping between Cell Identities and geographical areas is configured in the RAN and Core Network” into the paragraph that deals with its use, to avoid confusion, and in addition state explicitly that the signalled cell identities may be distinct from the broadcast cell identities.
Proposal 1: Remove the Editor’s Note on whether the Cell Identity indicated to the CN should be indicated per feature (EN1), and add a Note stating that the CN is not expected to be aware of the instantaneous coverage area of a cell.

2.2 EN2:
it is FFS whether the Cell Identity used in other cases is only allowed to correspond to a Uu Cell Identity or is allowed to correspond to both, a Uu and a fixed geographical area. 
The note mentioned above seems to cover the general case, and hence it is proposed to also delete it.
Proposal 2: Remove the Editor’s Note regarding what the Cell Identity used in other cases is allowed to map to (EN2).

2.3 EN3:
It is FFS whether the RAN Paging Area as signalled over Xn includes a mapped cell ID, or a Uu cell ID.
There are generally three different ways to define the RNA i.e. with a cell ID list (per PLMN), with a TAC list (per PLMN), and with a TAC+RAN Area Code List per TAC (per PLMN). The EN refers to the first option. 
In our understanding, RAN2 is unlikely to make any changes in respect of RRC_INACTIVE operation for NTN, and therefore the expectation is that, if RRC_INACTIVE is used in NTN, the configuration of the UE will be the same as in TN, i.e., the UE is not aware of the mapped cell IDs, and therefore the UE is provided with a broadcast cell list

If the cells are not earth-fixed, it would be possible to provide the UE with a list of broadcast cells that will cover the same area in the future (i.e. based on cell movement rather than UE movement). Note that other options may be more efficient, here we just consider how the system would work in the case where the RNA is defined by a cell list. 

Since the coverage area of the cells is expected to be large, cell change due to UE mobility may be relatively rare compared to the case due to satellite movement, i.e. most changes would be due to NTN changes. The anchor may also take into account the RAN Paging Cycle when assigning the cell list (i.e. to ensure that a stationary UE does not need to perform RNA Update before the end of the paging cycle timer unless there is significant UE mobility).

Observation 2: In case the RAN is defined as cell list, the RNA configured in the UE is expected to use “broadcast cells” and could be constructed taking into account future cell coverage changes. This partly depends on the relationship between the rate of cell changes and the RAN Paging Cycle.
Then the open point is whether this same list should be used in the RAN Paging Area provided to the paging nodes over Xn. This is possible, but one difference with respect to the UE configuration is that the cells in the list cover a much larger area, resulting in redundant paging.

Since the anchor is expected to know the UE’s location to some degree of precision, it can fine-tune the cell list provided to paging gNBs (e.g. by eliminating any cells whose coverage at paging time is too far from the UE’s last known location to be relevant).

Observation 3: In Xn RAN Paging, the anchor node may use Uu cell lists following the RNA configured in the UE. The anchor node can further optimize the RAN Paging Area taking into account the UE’s RNA and the UE’s last known rough location. Due to the NTN cell size, Xn Paging messages may in most cases not be required.
The alternative mentioned in the EN is the use of mapped cells. In principle this is also possible, but it implies that both the anchor node and the paging nodes perform mapping/de-mapping as part of paging.
Observation 4: The anchor node could also use mapped cells in Xn RAN Paging, provided the paging nodes are aware of this and correctly interpret the information when deciding which cells to page.
Overall it seems that both approaches can work, however there does not seem to be any advantage in using mapped cells since the UE is anyway configured with Uu cells. Therefore one possible way forward is to use a similar formulation to the formulation for handover i.e. the cell identities allow the identification of the correct target cells for RAN paging.
Proposal 3: Assume that the RAN Paging Area is defined using Uu cells (i.e. same or a subset of the UE’s RNA), delete the associated EN (EN3), and add a statement in that direction.

2.4 EN4: 
It is assumed that the method how the gNB derives the Cell Identity provided to the CN is a matter of implementation and configuration, and it is FFS whether this fact requires normative or informative specification text.
One option here is to add the mapped cell identities in the list of NTN related parameters provided by O&M to the gNB. Hence it is proposed to delete this EN, and add a suitable sentence to the Annex B.
Proposal 4: Remove the Editor’s Note (EN4) on how the gNB derives the Cell Identity provided to the CN, and add a suitable sentence in the Informative Annex B.
A text proposal for the above is included in the Annex.

3. Conclusions

This document examined the outstanding EN’s, and proposed resolutions for each, as per the observations and proposals below.
Observation 1: The answers to the LS [2] sent in RAN3#113-e may trigger some stage 2 text, if needed, and this can be considered once the LS replies are available.

Proposal 1: Remove the Editor’s Note on whether the Cell Identity indicated to the CN should be indicated per feature (EN1), and add a Note stating that the CN is not expected to be aware of the instantaneous coverage area of a cell.

Proposal 2: Remove the Editor’s Note regarding what the Cell Identity used in other cases is allowed to map to (EN2).

Observation 2: The RNA configured in the UE is expected to use “broadcast cells” (if a cell list is used) and could be constructed taking into account future cell coverage changes. This partly depends on the relationship between the rate of cell changes and the RAN Paging Cycle.
Observation 3: In Xn RAN Paging, the anchor node may use Uu cell lists following the RNA configured in the UE. The anchor node can further optimize the RAN Paging Area taking into account the UE’s RNA and the UE’s known rough location.

Observation 4: The anchor node may also use mapped cells in Xn RAN Paging, provided the paging nodes are aware of this and correctly interpret the information when deciding which cells to page.
Proposal 3: Assume that the RAN Paging Area is defined using Uu cells (i.e. same or a subset of the UE’s RNA), delete the associated EN (EN3), and add a statement in that direction.

Proposal 4: Remove the Editor’s Note (EN4) on how the gNB derives the Cell Identity provided to the CN, and add a suitable sentence in the Informative Annex B.
A text proposal for the above is included in the Annex.
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5. Text Proposal

For clarity, changes are highlighted.
16.x.5 Signalling [FFS] 
The Cell Identity used in the following cases corresponds to a fixed geographical area, irrespective of the orbit of the NTN payload or the types of service links supported. 
-
The Cell Identity indicated by the gNB to the Core Network as part of the User Location Information (as defined in TS 38.413 [26]);

-
The Cell Identity used for Paging Optimization in NG interface (as defined in TS 38.413 [26]);

-
The Cell Identity used for Area of Interest (as defined in TS 38.413 [26]);

-
The Cell Identity used for PWS (as defined in TS 38.413 [26]).
Cell Identities in these messages may be distinct from the broadcast Cell Identities (e.g. in case of moving cell coverage). The corresponding mapping between Cell Identities and geographical areas is configured in the RAN and Core Network.
NOTE:
Use of geographically assocoiated Cell Identities is not mandated in general for other cases, but the Core Network is not expected to be aware of the instantaneous coverage area of a cell (e.g. in the cases where such coverage is not constant).
The Cell Identity included within the target identification of the handover messages (as defined in TS 38.413 [26] and TS 38.423 [x]) allows identifying the correct target cell.


The Cell Identities used in the RAN Paging Area during Xn RAN paging (as defined in TS 38.423 [x]) allow the identification of the correct target cells for RAN paging.
Editor’s note:
 from rapporteur if the text stay as it is, the reference for TS 38.423 should be introduced in TS 38.300



<<<<<<<<<<<<<<<<<<<< Next Changes Begin >>>>>>>>>>>>>>>>>>>>
Annex B

Example implementation of Non-Terrestrial Networks (informative)
The following figure illustrates an example implementation of an Non-Terrestrial Network within an NG-RAN infrastructure for transparent NTN payload:
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Figure B-1: NTN based NG-RAN
The gNB depicted in Figure B-1 may be subdivided into non-NTN infrastructure gNB functions and the NTN Service Link provisioning System. The NTN infrastructure may be thought of being subdivided into the NTN Service Link provisioning System and the NTN Control function. The NTN Service Link provisioning System may consist of one or more NTN payloads and NTN Gateways.
The NTN payload is embarked on a spaceborne (or airborne) vehicle, providing a structure, power, commanding, telemetry, attitude control for the satellite (resp. HAPS) and possibly an appropriate thermal environment, radiation shielding.
The NTN Service Link provisioning System maps the NR-Uu radio protocol over radio resources of the NTN infrastructure (e.g. beams, channels, Tx power).

The NTN control function controls the spaceborne (or airborne) vehicles as well as the radio resources of the NTN infrastructure (NTN payload(s) & NTN Gateway(s)). It provides control data, e.g. Ephemeris, to the non-NTN infrastructure gNB functions of the gNB.

Provision of NTN control data to the gNB is out of 3GPP scope.
Editor’s Note: Whether the provision of the NTN control date is out of scope of 3GPP or rely on 3GPP O&M is FFS. 
NOTE:
The transport of NR-Uu protocol between the NTN Service Link provisioning system and the non-NTN infrastructure gNB functions is out of 3GPP scope.

Editor’s Note: The list of NTN related parameters provided below needs further discussion. 
At least the following NTN related parameters are expected to be provided by O&M to the gNB for its operation 
a) Earth fixed beams: for each beam provided by a given NTN-payload:

-
The Cell identifier (NG and Uu) mapped to the beam;

-
The Cell’s reference location (e.g. cell’s center and range). 

b) Quasi Earth fixed beams: for each beam provided by a given NTN-payload:

-
The Cell identifier (NG and Uu) and time window mapped to a beam;
-
The Cell’s/beam’s reference location (e.g. cell’s center and range); 

-
The time window of the successive switch overs (feeder link, service link);

-
The identifier and time window of all serving satellites and NTN-Gateways;

c) Earth moving beams: for each beam provided by a given NTN-payload:

-
The Uu Cell identifier mapped to a beam and mapping information to fixed geographical areas reported on NG, including information about the beams direction and motion of the beam’s foot print on Earth;
-
Its elevation wrt NTN-payload;

-
Schedule of successive serving NTN-Gateways/gNBs;

-
Schedule of successive switch overs (feeder link, service link).
In case that geographically associated cell identities are required for e.g. signalling towards the Core Network, the relationship between a UE location and a corresponding cell identity is expected to be provided by O&M to the gNB.
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