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1. Introduction

This document discusses the topic of selective paging (“paging optimization”) in the context of NTN. 

NGAP supports the upload of Information on Recommended Cells and RAN Nodes for Paging at context release. This information can be used 

· To enable the core network to selectively page some gNBs

· To enable a gNB to selectively page some cells

There has been already some discussion on whether the current IEs require modification or enhancement, and this topic is further considered in this document.
2. Discussion
2.1 Existing signalling

NGAP supports the upload of Information on Recommended Cells and RAN Nodes for Paging at context release. This information can be used 

· To enable the core network to selectively page some gNBs and/or TAIs
· To enable a gNB to selectively page some cells

In principle, if it assumed that NTN paging functions in the same way as TN paging, then if the coverage of the cells could be considered to be static or only slightly changing (e.g. the GEO case), then there does not seem to be any need for specification changes. The existing signalling already allows the required optimization (although the resulting effectiveness depends on the cell size, and the size of the tracking areas).

Observation 1: In NTN deployments with fixed cell coverage, existing functionality for paging optimization seems to work implicitly without need for change.

Then the scenarios of interest concern “moving cells” i.e. cells that from a earth perspective are either continuously or stepwise moving (i.e. it is not possible to identify an area where the UE is simply from a cell ID).

For these scenarios, it was recently discussed and agreed that the cell ID information provided in the ULI shall correspond to a known (configured) earth area. In addition, it is also agreed that the tracking areas shall be earth fixed.
Observation 2: For moving cell scenarios, it has been agreed that cells and TAs reported in ULI are earth fixed.

Although not explicitly discussed, it could be assumed that the tracking areas covered by a gNB will also be constant, and in addition since the cells are fixed, and are linked to a gNB – then to some extent the coverage of a gNB is also fixed.

Observation 3: Each gNB can also be considered to cover a “fixed area” in the sense that the set of cells that it may report to the CN as part of ULI have themselves a fixed coverage.
The items that may be signalled as part of paging optimization are as follows:

· Recommended RAN Nodes for Paging:

· List of gNBs and/or TAIs

· Recommended Cells for Paging:

· List of cells with optional time in cell

The first of the above is to be used by the AMF when deciding which gNBs to send the paging message to. Now from above it seems logical that the information in the Recommended RAN Nodes for Paging requires no modification. Regardless of whether the radio cells are static or not, this IE has information that should remain valid from the point of view of any paging optimization in the CN – whose target is to select certain gNBs. 
Hence,

Observation 4: There seems to be no need to modify the 
Recommended RAN Nodes for Paging IE.

Considering the second IE, this is used for a gNB to decide which cells to page when paging optimization at cell level is in operation.  One option here is that the cells in this IE correspond to “fixed cells” – i.e. the same as in the ULI. If this is done, then it would be up to the receiving gNB to translate this into the operational cells using the reverse mapping that it needs to create the ULI in the first place (or to create the 
Recommended Cells for Paging IE). Therefore
Observation 5: If the cells in the Recommended Cells for Paging IE correspond to earth fixed cells (as in ULI), the gNB can use this information to decide which radio cells shall page the UE.

This seems a straightforward application of an existing agreement, which minimizes impact. Therefore:
Proposal 1: Agree a working assumption (pending further work on ULI aspects) that the cells in the Recommended Cells for Paging IE correspond to earth fixed cells (as in ULI).
There may be cases when the previously serving gNB is not fully able to determine the “fixed cell” where the UE was, at least for a certain time interval (for example there may not be enough information on the UE’s location at the beginning of a connected period). There are several ways to handle this case:
· Option A: Ignore periods when the gNB is not able to determine a corresponding earth fixed cell (e.g. these periods are excluded from the “time stayed in cell” fields)
· Option B: Use “larger” cells (i.e. configure appropriate layers that enable some mapping when only the access cell is known)

· Option C: Account for these periods by logging the radio cell with start/stop timestamps (in principle this allows for inverse mapping by the paging gNB)

· Option D: Use a “special cell ID” for such periods (this can be an ID that is configured to indicate that the mapping is not possible)
Options A, B and D require no signalling changes, while option C would add two timestamps per cell ID.

Observation 6: In the case when the cells in the Recommended Cells for Paging IE correspond to earth fixed cells (as in ULI), it may still be the case that such mapping cannot be provided at certain times due to lack of location information. How to handle this can be further discussed.
2.2 Possible additional enhancements
The proposal 1 above enables the basic optimization system to work. It is reasonable to consider whether further enhancements are useful or needed. Because the actual cells at the time of paging may have a very different size and shape from the configured fixed cells used in the ULI (and overlap several of them), the gNB may need to page multiple cells. However, even in the most optimum case when the gNB knows the UE location precisely, paging could still be needed in all radio cells with coverage of that location. If fixed cells are small in comparison to radio cells, paging load could be the same as, or only slightly higher than the optimum case.
Observation 7: In a moving cell case, paging optimization is limited by the (varying) relationship between the configured cells and the radio cells during the connected mode period but may still be close to the most optimum case (when a UE location is known precisely) in terms of paging load, particularly if fixed (configured) cells are small in comparison to radio cells.

Given this reasoning, there seems to be no strong requirement to further enhance paging optimization signalling in rel-17:
Proposal 2: Assuming that cells in the Recommended Cells for Paging IE are based off the mapping required for ULI, further enhancement of paging optimization functionality is not required in rel-17.
3. Conclusions

This document provides an analysis of selective paging (“paging optimization”) in the context of NTN, and possible impacts on existing signalling.

The following observations have been made:

Observation 1: In NTN deployments with fixed cell coverage, existing functionality for paging optimization seems to work implicitly without need for change.

Observation 2: For moving cell scenarios, it has been agreed that cells and TAs reported in ULI are earth fixed.

Observation 3: Each gNB can also be considered to cover a “fixed area” in the sense that the set of cells that it may report to the CN as part of ULI have themselves a fixed coverage.
Observation 4: There seems to be no need to modify the 
Recommended RAN Nodes for Paging IE.

Observation 5: If the cells in the Recommended Cells for Paging IE correspond to earth fixed cells (as in ULI), the gNB can use this information to decide which radio cells shall page the UE.

Observation 6: In the case when the cells in the Recommended Cells for Paging IE correspond to earth fixed cells (as in ULI), it may still be the case that such mapping cannot be provided at certain times due to lack of location information. How to handle this can be further discussed.
Observation 7: In a moving cell case, paging optimization is limited by the (varying) relationship between the configured cells and the radio cells during the connected mode period but may still be close to the most optimum case (when a UE location is known precisely) in terms of paging load, particularly if fixed (configured) cells are small in comparison to radio cells.
From which the proposals are as follows:

Proposal 1: Agree a working assumption (pending further work on ULI aspects) that the cells in the Recommended Cells for Paging IE correspond to earth fixed cells (as in ULI).

Proposal 2: Assuming that cells in the Recommended Cells for Paging IE are based off the mapping required for ULI, further enhancement of paging optimization functionality is not required in rel-17.

