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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#121-bis-e meeting, the cell reselection enhancements in NTN-TN scenario were discussed with some leftover issues. In this contribution, these leftover issues will be further discussed, including:
· Format of TN coverage;
· Leftover issues of broadcast the TN coverage info
· Discussion on TN coverage info size;
· Which SIB to provide the TN coverage;
· How to provide the frequency information for TN coverage area;
· Validity of TN coverage data;
· Whether additional information in dedicated signalling is needed.
Discussion
2.1 [bookmark: OLE_LINK22][bookmark: OLE_LINK23] Format of TN coverage
In RAN2#121-bis-e, it was agreed that the TN coverage is defined as center location coordinates and corresponding radius. And the TN coverage information is signaled using Ellipsoid-Point and radius separately. Whether to reuse referenceLocation and distanceThresh in Rel-17 needs further study.
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

Agreements via email – from offline 106:
1. [bookmark: OLE_LINK26][bookmark: OLE_LINK29]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
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]The definition of ReferenceLocation refers to the Ellipsoid-Point defined in TS 37.355 [1] shown as following. The Ellipsoid-Point indicates the position of one point on ground with the degree of Latitude and Longitude. In Rel-17, the IE ReferenceLocation is used for the reference location for location-based measurement initiation, so it is natural to be applicable to provide the reference location of TN coverage.
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK3]Ellipsoid-Point ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607)		-- 24 bit field
}
Proposal 1: The Rel-17 referenceLocation can be reused to define the center location coordinates of TN coverage area. 
However, the value range of distanceThresh is 0m to 65525*50m as shown below, which is used for location-based measurement initiation, the value range is compatible with the radius of one earth-fixed NTN cell. Maybe it is too large for TN coverage. To avoid unnecessary signalling overhead, the value range can be set as a smaller range, e.g. 0 to 8191 or 16383. The integer range can be further discussed.
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.


Observation 1: The value range defined for distanceThresh is too large for TN coverage area, reuse the distanceThresh may bring unnecessary signalling overhead.
Proposal 2: New IE should be defined for the radius of the TN coverage area, the value range is FFS. 
2.2  Leftover issues of broadcast the TN coverage info
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41]TN coverage info size
For one TN coverage area, a center location coordinate and a radius are needed to be defined. For the center location coordinate, 48 bits are needed in format of Ellipsoid-Point. For the radius in format of INTEGER, up to 16 bits are needed if R17 distanceThresh is reused. That is, up to 64 bits are needed to describe one TN coverage area. 
The amount of TN coverage areas is up to the actual geographic location and network deployment. The NTN cell diameter is relatively larger than the diameter in TN, e.g. 100km for LEO and 3500km for GEO. Within the NTN cell, if the location of TN coverage is notified to the UE roughly, it may be useless for UE to judge when to initiate measurement on TN cells. Hence, the amount of TN coverage areas may in level of tens, and the signalling overhead is up to thousands of bits.
According to the majority views in [2], we can accept to start with 16 TN coverage areas.
Proposal 3: Value 16 can be set as a starting point for the maximum TN coverage areas number. 
· Which SIB to provide the TN coverage
Based on the discussion on TN coverage info size, it can be seen that, only the TN coverage info will bring up to a thousand of bits, e.g., 64bit*16. According to the analysis in contribution [3], the configurations of the serving cell and eight neighbour cells occupy about 2700 bits in SIB19. Since the max SI message size is 2976 bits, there is no enough space for the TN coverage info.
Observation 2: SIB19 has no enough space to contain the TN coverage information. 
Additionally, the TN coverage info may have different periodicity and update requirement from that for SIB19.
Considering the TN coverage valid is related to the UE location, the UE doesn’t need to acquire the TN coverage information repetitively if it doesn’t move far away. Especially for earth-fixed cell, when the UE under the coverage of the NTN cell, the TN coverage information is not required to be updated. However, UE need to acquire SIB19 very frequently based on the validity timer. And from the NW side, the NW doesn’t need to broadcast the TN coverage with short periodicity, due to it is not necessary for UE acquires frequently, but SIB19 is essential for UE access, so the periodicity requirement is different between SIB19 and TN coverage area information. 
Observation 3: TN coverage info has different periodicity and update requirement with the configurations in SIB19.
If TN coverage information is broadcast in SIB19, UE has to acquire the TN coverage over and over again, which bring unnecessary data reception and corresponding energy consumption.
Due to the above aspects, introducing a new SIB to broadcast the TN coverage information is a better choice.
Proposal 4: Introduce a new SIB to contain the TN coverage information.
· How to provide the frequency information for TN coverage area
[bookmark: OLE_LINK30]As discussed above, the TN coverage information should be defined in new separate SIB. It is better provide the TN frequency together with the TN coverage area information in order to reduce the impact on the legacy SIB. Hence, the TN frequency information can be provided in the same SIB of the TN coverage area, and be indicated in each TN coverage area.
Proposal 5: The TN frequency information is provided in the same SIB of the TN coverage area information, and be indicated in each TN coverage area.
2.3  Validity of TN coverage area information
In RAN2#121-bis-e, the following agreement and work assumption were achieved.
Agreements online:
1. 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
About the working assumption, we have a further study with considering the scenario of quasi-earth-fixed cell and earth moving cell.
For earth-fixed case, there is no issue to apply the work assumption, due to the NTN cell coverage is fixed, and the TN coverage under the NTN cell coverage is also fixed.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]But for earth-moving case, we identify some issues. In earth moving cell, from NW’s perspective, the cell coverage on ground keep changing due to the movement of satellite. For example, as shown in Figure 1, as the time elapsing, e.g. from T1 to T2, the TN coverage area with green colour move in and some TN areas move out. In Figure 1, within the duration the UE served by this earth moving cell, the TN coverage area in coverage of the earth moving cell changed many times. If we follow the legacy system information update notification mechanism, the UE will be notified to acquire the update SI very frequently, which may bring a lot of power consumption.
Observation 4: The TN coverage areas in coverage of the earth moving cell keep changing with the movement of the earth moving cell. Following the legacy SI update mechanism, the UE will be notified to acquire the update SI very frequently. 


Figure 1: Illustration on the problem of following the legacy SI update mechanism in earth moving cell.
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]One attempt to solve the above mentioned problem is to broadcast all the TN coverage area under the trajectory of the earth-moving cell connected with one gNB, e.g. contain all the TN coverage area in Figure 1 in the SI, hence the TN coverage information doesn’t need to be updated. However considering the large coverage of NTN cell, the NW needs to contain a large amount of TN coverage areas in the SI or satisfices the location accuracy of the TN coverage area to achieve that.
Observation 5: If the NW contains all the TN coverage under the trajectory of the earth moving cell, the NW needs to contain a large amount of TN coverage areas in the SI or reduce the location accuracy of TN coverage area. The power consumption objective for UE cannot be achieved.
Based on the above analysis, it is better only broadcast the TN coverage area for the area approximate to current coverage of the earth moving cell, and the network has to update the TN coverage area info frequently to ensure fresh TN coverage info for UE with demand.
[bookmark: OLE_LINK11][bookmark: OLE_LINK14]Observation 6: the network has to update the TN coverage area info in coverage of the earth moving cell frequently to ensure fresh TN coverage info for UE with demand.
Another way to solve the problem is to set that the update of TN coverage area info will neither result in system information change notifications nor in a modification of valueTag in SIB1.
In view of UE, after receiving the broadcast TN coverage data, the UE gets acknowledge of the distribution of surrounding TN cells. As long as the UE moves not far away, it can be assumed the surrounding TN cells are not changed. In this case, UE does not need to read the updated TN coverage data.
Observation 7: UE doesn’t need to re-acquire the updated TN coverage data if UE doesn’t moves away, because the surrounding TN cells are not changed.
In summary, in earth moving cell case, the NW has to update the TN coverage area info frequently but UE may don’t need to re-acquire the updated TN coverage data. Hence, the update of the TN coverage due to the movement of earth-moving cell coverage doesn’t need to inform UE. 
[bookmark: OLE_LINK33]Proposal 6: The update of the TN coverage area information caused by the movement of earth-moving cell will neither result in system information change notifications nor in a modification of valueTag in SIB1.
Except the movement of the earth-moving cell will cause the update of TN coverage information, some other reasons will also cause the update of TN coverage information, e.g. the switch on and off of some TN cells. According to these conditions, the NW is allowed to trigger the SI modification if the TN coverage area information is changed.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Proposal 7: The NW is allowed to trigger the SI modification if the TN coverage area information is changed. No spec impact is introduced.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]If proposal 6 is agreed, whether the TN coverage area information is valid is depends on whether the surrounding TN cells of the UE change. Some new conditions are needed for UE to judge whether the stored TN coverage data is valid. The location of the UE and/or the time when UE acquire the SI can be taken into consideration.
Proposal 8: New triggers are needed for UE to judge whether the stored TN coverage data is valid, e.g. location-based condition or time-based condition.
2.4  Whether additional information in dedicated signalling is needed
In RAN2#121-bis-e, whether additional information in dedicated signalling is needed/useful is FFS. 
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
Considering the signalling overhead, the network may not configure enough precise TN coverage area to UE via SI. Based on the TN coverage area information broadcast in SI, UE couldn’t get the accurate surrounding TN cell location information. But if the NW provide more accurate TN coverage information surrounding the UE based on the reported UE position, UE could make more smart decision on whether and on which TN frequency to perform TN measurement. It is benefit on UE power saving.
Based on current specification, it allows the NW provides cell reselection information to UE using dedicated cell reselection information, i.e., RRC release message. Hence, we can follow this similar mechanism, e.g. providing TN coverage data via RRC release message to the UE.
Observation 8: Provide additional information of TN coverage area via dedicate signalling could bring benefit for UE power saving.
Proposal 9: Dedicate signalling, e.g. RRCRelease, can be used to provide additional information of TN coverage area to UE.
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]In legacy, if cell reselection information is provided in dedicated signalling, the UE shall ignore that provided in system information. The same principle can be used for TN coverage data too. If TN coverage data is provided in dedicated signalling, the UE shall ignore the TN coverage data provided in system information. 
[bookmark: _GoBack]Proposal 10: If TN coverage data is provided in dedicated signalling, the UE shall ignore the TN coverage data provided in system information.
3 Conclusion
In this document, we discuss the enhancement on cell reselection. According to the analysis in section 2, the following observations and proposals are provided:
Format of TN coverage
Proposal 1: The Rel-17 referenceLocation can be reused to define the center location coordinates of TN coverage area. 
Observation 1: The value range defined for distanceThresh is too large for TN coverage area, reuse the distanceThresh may bring unnecessary signalling overhead.
Proposal 2: New IE should be defined for the radius of the TN coverage area, the value range is FFS. 

Leftover issues of broadcast the TN coverage info
-Discussion on TN coverage info size
Proposal 3: Value 16 can be set as a starting point for the maximum TN coverage areas number. 
-Which SIB to provide the TN coverage
Observation 2: SIB19 has no enough space to contain the TN coverage information. 
Observation 3: TN coverage info has different periodicity and update requirement with the configurations in SIB19.
Proposal 4: Introduce a new SIB to contain the TN coverage information.
-How to provide the frequency information for TN coverage area
Proposal 5: The TN frequency information is provided in the same SIB of the TN coverage area information, and be indicated in each TN coverage area.

Validity of TN coverage area information
Observation 4: The TN coverage areas in coverage of the earth moving cell keep changing with the movement of the earth moving cell. Following the legacy SI update mechanism, the UE will be notified to acquire the update SI very frequently. 
Observation 5: If the NW contains all the TN coverage under the trajectory of the earth moving cell, the NW needs to contain a large amount of TN coverage areas in the SI or reduce the location accuracy of TN coverage area. The power consumption objective for UE cannot be achieved.
Observation 6: the network has to update the TN coverage area info in coverage of the earth moving cell frequently to ensure fresh TN coverage info for UE with demand.
Observation 7: UE doesn’t need to re-acquire the updated TN coverage data if UE doesn’t moves away, because the surrounding TN cells are not changed.
Proposal 6: The update of the TN coverage area information caused by the movement of earth-moving cell will neither result in system information change notifications nor in a modification of valueTag in SIB1.
Proposal 7: The NW is not prevented from triggering the SI modification if the TN coverage area information is changed. No spec impact is introduced.
Proposal 8: New triggers are needed for UE to judge whether the stored TN coverage data is valid, e.g. location-based condition or time-based condition.

Whether additional information in dedicated signalling is needed
Observation 8: Provide additional information of TN coverage area via dedicate signalling could bring benefit for UE power saving.
Proposal 9: Dedicate signalling, e.g. RRCRelease, can be used to provide additional information of TN coverage area to UE.
Proposal 10: If TN coverage data is provided in dedicated signalling, the UE shall ignore the TN coverage data provided in system information.
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