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Introduction
This paper discusses the means to signal the TN coverage information to the UE in the idle/inactive state, in response to following agreements made for the NTN-TN cell reselection enhancement [1]. To efficaciously reduce UE power consumption while keeping the increased signaling minimal, a two-step approach that offers the coarse TN coverage information in the 1st step and offers the detailed TN coverage information in the 2nd step is proposed as the remedy.
	#Agreements in RAN2#121, regarding the NTN-TN cell reselection enhancements
· TN coverage area information will be associated to the frequency information.
· RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion, taking the signalling overhead into account (FFS on the accuracy of the information)
· Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius
· Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
· Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.
· As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
· Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC)



Discussion
The goal of the NTN-TN cell reselection enhancement is to equip the UE with the means that can prevent the UE from wasting its power in measuring the TN frequencies/cells, when the UE is not in the vicinity of any TN coverage. As the UE is in idle/inactive state, it is nature the means (i.e., the TN coverage information) should be provided at least in the system information so that the UE can use the means according to the up-to-date information. As the network would have to configure the RRC_IDLE/INACTIVE UE to conduct the inter-frequency measurement on a TN frequency in SIB4, it is more straightforward if the TN coverage information is also signaled in SIB4, together with the frequency configuration. In this way, we can also ensure that the TN coverage information (if exists) is always linked to a carrier frequency. 
Figure 1 illustrates how the network can configure UEs to measure TN frequencies/cells with the assistance of the TN coverage information. In this example, there are multiple TN cells under the coverage of a NTN cell, where all the TN cells are operating using carrier frequency b, and the NTN cell is operating using carrier frequency a. SIB4 broadcasted by the NTN cell contains the information needed for UEs to conduct the inter-frequency measurement on the carrier frequency b, including ARFCN, SMTC, a cell reselection priority, and a neighbor cell list listing the physical cell identities of the neighboring TN cells using carrier frequency b.



Figure 1. The example of providing the detailed TN coverage information in SIB4.

To prevent UEs from conducting the measurement on carrier frequency b when the UEs are not in the vicinity of any TN cells operating on frequency b, as illustrated in Figure 1, the serving NTN cell may provide the TN coverage information in SIB4. The UE camping on the NTN cell first reads SIB4 and knows from the ARFCN value whether carrier frequency b is a TN or a NTN frequency. If it is a TN frequency, the UE may need to obtain from the neighbor cell list the coverage information of each TN cell, and then may determine whether to conduct the measurement on carrier frequency b, based on whether the UE is in the vicinity of any TN cell. The UE may also determine whether to conduct the measurement on a specific TN cell listed in the neighbor cell list, based on whether the UE is in the vicinity of that TN cell. However, as we can see from the example in Figure 1, the NTN cell has to broadcast the coverage information for every TN cell (20 TN cells in total in this example) within the NTN cell coverage, which may make SIB4 exceed its acceptable size when there are too many TN cells within the NTN cell coverage.
[bookmark: _Toc127436680][bookmark: _Toc127436714]Broadcasting the coverage information for each TN cell in the system information may make the system information become unacceptable large.
As obviously it is a tradeoff between the signaling overheads vs. the UE power saving gain of the entire system, we may consider to only provide the coarse information in the first step to make the majority of UEs (or at least a large portion of UEs) benefit from the information. For those UEs that are not able to save power based on the coarse TN coverage information, they may consider to request the detailed TN coverage information from the network to determine whether to conduct the measurement on a TN frequency/cell. As we intend to make the coarse TN coverage information much smaller than the information given in Figure 1, it can be placed in SIB4 per carrier frequency. 

[bookmark: _Toc127436723][bookmark: _Toc127539848]The TN coverage information can be divided into coarse and detailed information, where the coarse TN coverage information is signaled together with the inter-frequency cell reselection information in SIB4.
As the coarse TN coverage information is only able to indicate the TN coverage in a coarse level, but requires much less bits to signal the information. With the assistance of the coarse/abstract TN coverage information, the UE can at least reduce its power consumption in certain situations, and may further acquire the detailed TN coverage information from the base station when needed. 
Figure 2 illustrates an example of what the coarse TN coverage information may look like. In the example, each TN carrier frequency (e.g., carrier frequency j) configuration listed in SIB4 includes a 4-bit long bitmap, associated to that carrier frequency. The 4-bit bitmap indicates whether there is any TN cell deployed in the 4 areas divided equally in accordance with the reference location of the serving NTN cell, where the reference location is provided in SIB19. The four areas are labeled as Area I, II, III, and IV, and are mapped to the 1st bit, 2nd bit, 3rd bit, and 4th bit in the bitmap, respectively. In the example, as there are two TN cells deployed in Area I, and one TN cell deployed in Area III, the values within the bitmap are {1, 0, 1, 0}. For those NTN frequency configurations (e.g., carrier frequency k) listed in SIB4, they do not need to include the bitmap. Note that a UE can tell whether a carrier frequency listed in SIB4 is a TN or a NTN frequency from: 1) the ARFCN value, or 2) whether the same carrier frequency can be also found in the neighbor cell configuration in SIB19. If a UE determines that a carrier frequency listed in SIB4 is a TN frequency, the UE can expect to receive a bitmap associated to the carrier frequency in SIB4. In case the UE cannot find a bitmap in the configuration of a TN frequency in SIB4, the UE may not be allowed to skip or relax the measurement on that TN frequency.



Figure 2. The example of providing the coarse TN coverage information in SIB4.

[bookmark: _Toc127436724][bookmark: _Toc127539849]The coarse TN coverage information reveals whether there is any TN deployment in the regions/sectors composing the coverage of the serving NTN cell, where the regions/sectors are pre-defined based on the reference location of the serving NTN cell. 

In Figure 2, for those UEs being within Area I or Area III, they may want to know the detailed TN coverage information (as in Figure 1) from the network, to determine whether to conduct the measurement on the carrier frequency j. Therefore, a mechanism that is able to provide the UE with detailed TN coverage information (when needed) in a dedicated manner is also beneficial. 
[bookmark: _Toc127436725][bookmark: _Toc127539850]The network can signal the detailed TN coverage information to a UE in a dedicated manner, upon being requested by the UE, where the detailed TN coverage information includes a reference location and a radius of the TN coverage.
Conclusions
In this paper, means to signal the TN coverage information to the UE in the idle/inactive state are discussed, in response to the agreements made in the RAN2#120 meeting. Based on the discussion in this paper, we respectfully ask RAN2 to discuss and consider the following observation and proposals.
Observation 1	Broadcasting the coverage information for each TN cell in the system information may make the system information become unacceptable large.
Proposal 1	The TN coverage information can be divided into coarse and detailed information, where the coarse TN coverage information is signaled together with the inter-frequency cell reselection information in SIB4.
Proposal 2	The coarse TN coverage information reveals whether there is any TN deployment in the regions/sectors composing the coverage of the serving NTN cell, where the regions/sectors are pre-defined based on the reference location of the serving NTN cell.
[bookmark: _GoBack]Proposal 3	The network can signal the detailed TN coverage information to a UE in a dedicated manner, upon being requested by the UE, where the detailed TN coverage information includes a reference location and a radius of the TN coverage.
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