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1	Introduction
To help the UE in efficient measurements towards terrestrial network (TN) coverage, RAN2 works on the definition of the TN coverage area. The following has been agreed at RAN2#121bis (April 2023) [1]:
	Agreements:
1.	For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful



And the subsequent at-the-meeting e-mail discussion led to achieving the following decisions [2]:
	Agreements via email – from offline 106:
1.	Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately. FFS if Rel-17 referenceLocation and distanceThresh are directly reused
2.	Decision on the size of TN coverage area list is postponed until more is known on the format of this information and how is it sent.



	Agreements online:
1.	The discussion on how to indicate the frequency information for each TN coverage area should be combined with the discussion on which SIB will be used to indicate the TN coverage area, possibly based on evaluation of the signalling overhead
2.	The acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info
Working assumption:
1.	We do not introduce new triggers making the UE reacquire the TN coverage information from SI.



In this paper we share our further view on the unresolved aspects to finalize the TN coverage area definition in Rel-18.
2	Discussion
2.1	Definition of TN coverage area
During RAN2#121bis, it was agreed to adopt Option 1 (The corresponding geographical area information is provided by network with location coordinates of area center and radius) and reuse Ellipsoid-Point and radius. In our previous paper [3] we have observed that if TN area’s center is represented using Ellipsoid-Point, and the minimum and maximum radius are equal to 1 km and 50 km, respectively then 54 bits are required to signal a single TN coverage area. During RAN2#121bis multiple companies mentioned that the framework already existing in Rel-17 (i.e. referenceLocation and distanceThresh) could be directly reused. According to the definition in [4], distanceThresh is defined as follows:
	distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m.






While referenceLocation uses Ellipsoid-Point, as we suggested also in our paper [3]:
	ReferenceLocation
The IE ReferenceLocation contains location information used as a reference location. The value of the field is same as Ellipsoid-Point defined in TS37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.
ReferenceLocation information element
-- ASN1START
-- TAG-REFERENCELOCATION-START

ReferenceLocation-r17 ::= OCTET STRING

-- TAG-REFERENCELOCATION-STOP
-- ASN1STOP




distanceThresh can represent almost 2^16 values (almost, as it range is up to 65525, while the intention was likely to reflect 65536). Each step represents 50 metres, so the maximum distance that can be reflected is equal to 3276 kilometres. A way more than we have proposed in our previous paper [3]. With this range of distanceThresh, a single TN coverage area could approximately cover e.g. the entire North America. 
Observation 1: Reusing the Rel-17 referenceLocation and distanceThresh will allow to signal a TN coverage area having a diameter of approximately 6500 of kilometres.
It is fine to reuse Rel-17 referenceLocation and distanceThresh, even though distanceThresh offers a range several times larger than actually needed.
Proposal 1: Reuse Rel-17  referenceLocation and distanceThresh for signaling the TN coverage area centre and radius.
2.2	How to indicate frequency information for TN coverage
As a part of offline [106] at RAN2#121bis [2] there has been a discussion on how to provide the associated frequency information for each TN coverage area. Two approaches have been presented - [5] suggested to use a list of frequencies under each TN area information (Option 1). [6] proposed to introduce TN coverage area identity and then use the corresponding identifier in SIB4 and SIB5 for each TN frequency signalled there (Option 2). There was a vast majority for supporting the approach presented in [5], but it was agreed to defer the final decision to RAN2#122. When signaling the frequency directly within the TN coverage area list, it may occur that the same frequency information is repeated multiple times, under each of the TN coverage areas.
Observation 2: If the frequency is signalled directly within the TN coverage area list, it may occur the same frequency information is repeated multiple times, under different TN coverage areas.
It needs to be decided what kind of frequency-related information is essential for each TN coverage area. If a list of ARFCN-ValueNR values needs to be signaled and each ARFCN-ValueNR can consume up to 22 bits then 8 ARFCN-ValueNRs per TN coverage area result in 176 bits. This should be further multiplied by the number of TN coverage areas per system information. If we assume up to 8 can be broadcast, we have 1408 bits (i.e. up to 176 bytes) for TN coverage area frequency information. It may not be a problematic number if a new SIB for Rel-18 NTN purposes is defined. On the other hand, it is a valid point (as argued in [6]) that this frequency information related to TN coverage is already broadcast somewhere else (e.g. SIB4 or SIB5).
Observation 3: Signaling up to 8 ARFCNs per TN coverage area and up to 8 TN coverage areas per system information requires up to 1400 bits. 
Observation 4: The frequency information related to TN coverage is already broadcast somewhere else (e.g. SIB4 or SIB5).
On the other hand, following the approach supported in [6] will require from the UE to read multiple SIBs in order to obtain the complete information on TN coverage areas. From that perspective, the approach suggested in [5] is simpler as the UE receives all needed information directly from a single system information block (SIB). 
Observation 5: If the approach with TN coverage ID in SIB4-5 is used, then the UE needs to read multiple SIBs in order to obtain the complete information on TN coverage areas.
Considering all that have been said above, we believe approach presented in [6] is a better choice, mainly due to the signalling reduction overhead. 
Proposal 2: The frequency information for TN coverage area is indicated using TN coverage area identity in in SIB4 and SIB5.
2.3	Signaling other than broadcast
The decision whether any form of dedicated signaling is supported, in addition to already agreed broadcast, has been postponed. Not much has changed since the previous meeting (not only due to extremely short gap between those meetings), so we would like to reiterate what has been stated already in [3]: dedicated signalling, if understood as RRC dedicated signalling, requires the UE to be in RRC_CONNECTED mode, while the whole objective on TN-NTN reselections is to address the issues encountered by RRC_IDLE mode UEs. Obviously, there are means to configure the UE with certain information when it moves from RRC_IDLE to RRC_CONNECTED (e.g. in RRC Release message), but we also see no point why this information would have to be UE specific. After all, TN coverage is something which is fixed and unchanged. It is actually the same for all the UEs within certain area.
Observation 6: TN coverage area is a static type of information; it does not change, and it is the same for all UEs within certain area.
Observation 7: Dedicated RRC signalling is not available to RRC_IDLE UEs. RRC Release is the only RRC-based dedicated way to configure TN coverage information to UEs going to RRC_IDLE.
Based on the brief analysis presented above, we propose the following:
Proposal 3: TN coverage area information is provided only using broadcast-type of signalling.
Proposal 4: There is no TN coverage information differentiation such as coarse information and accurate information.
2.4 	Which system information block to use
It was concluded at RAN2#121bis [1] that the decision which SIB to use shall come jointly with the decision how to signal the TN coverage frequency information. If the option suggested by us in Proposal 2 is adopted, then the overhead due to TN coverage information signalling is not that excessive (i.e. it is limited to area centre + radius, so 64 bits per TN coverage area, up to 500 bits if 8 TN coverage areas are signalled per SIB). In this scenario, it could be possible to insert this information into the existing SIB19. However, if we follow the approach where the frequency information is provided directly within the list of TN coverage areas, then the bit consumption raises to 500 bits (location information) + 1400 bits (frequency information), following the assumptions we have made regarding the maximum number of frequencies per TN coverage area and the maximum number of TN coverage areas per SIB. Then using SIB19 does not seem to be feasible. In any case, we think using a separate SIB (i.e. other than SIB19) may be a safer approach, also as it could allow to apply different periodicity for such SI broadcast. 
Observation 8: Using different SIB than SIB19 for signaling TN coverage area information could allow to apply different (i.e. lower) periodicity for such SI broadcasting.
Thus, we suggest the following:
Proposal 5: TN coverage area list is sent in other SIB than SIB19.
2.5 	Trigger for reacquiring the TN coverage information
At RAN2#121bis a corresponding working assumption has been made:
	Working assumption:
1.	We do not introduce new triggers making the UE reacquire the TN coverage information from SI.



It means the UE will reacquire the corresponding SIB only if it reselects to a new cell or when the next system information update of the SIB providing TN coverage information occurs. In our opinion it is sufficient and no enhancements are needed in this area.
Proposal 6: RAN2 confirms new triggers making the UE reacquire the TN coverage information from SI are not introduced.
3	Conclusion
In this document the following observations and proposals have been made:
 Observation 1: Reusing the Rel-17 referenceLocation and distanceThresh will allow to signal a TN coverage area having a diameter of approximately 6500 of kilometres.
Proposal 1: Reuse Rel-17  referenceLocation and distanceThresh for signaling the TN coverage area centre and radius.
Observation 2: If the frequency is signalled directly within the TN coverage area list, it may occur the same frequency information is repeated multiple times, under different TN coverage areas.
Observation 3: Signaling up to 8 ARFCNs per TN coverage area and up to 8 TN coverage areas per system information requires up to 1400 bits. 
Observation 4: The frequency information related to TN coverage is already broadcast somewhere else (e.g. SIB4 or SIB5).
Observation 5: If the approach with TN coverage ID in SIB4-5 is used, then the UE needs to read multiple SIBs in order to obtain the complete information on TN coverage areas.
Proposal 2: The frequency information for TN coverage area is indicated using TN coverage area identity in in SIB4 and SIB5.
Observation 6: TN coverage area is a static type of information; it does not change, and it is the same for all UEs within certain area.
Observation 7: Dedicated RRC signalling is not available to RRC_IDLE UEs. RRC Release is the only RRC-based dedicated way to configure TN coverage information to UEs going to RRC_IDLE.
Proposal 3: TN coverage area information is provided only using broadcast-type of signalling.
Proposal 4: There is no TN coverage information differentiation such as coarse information and accurate information.
Proposal 5: TN coverage area list is sent in other SIB than SIB19.
Proposal 6: RAN2 confirms new triggers making the UE reacquire the TN coverage information from SI are not introduced.
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