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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK32][bookmark: OLE_LINK33]In the past RAN2 meetings, the enhancements on IDLE/INACTIVE modes for NTN have been discussed. In this contribution, according to the scene division some key problems are discussed with corresponding proposals. 
Discussion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Earth fixed scenario
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Time-assisted cell reselection
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In earth fixed scenario, regarding to the time-assisted cell reselection, the following agreements were reached:
Agreements in RAN2#114e:
1.	At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information
Agreements in RAN2#115e:
1.	For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation
Agreements in RAN2#116e:
1.	For quasi-earth fixed cell, the cell stop time of neighbour cell(s) is NOT broadcast
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK7][bookmark: OLE_LINK8]At present, the actual network deployment is not clear, it cannot be assumed that the next candidate cell will always cover the exactly same place as the current serving cell. That is, the start serving time of the candidate cell should be used together with the cell edge, which might make the criteria very complex. In addition, the time interval between serving cell’s stop serving time and candidate cell’s incoming time may cause service interruption. As the legacy mechanism can work, there is no need to increase the complexity of the system for a little benefit. 
Since the cell stop time of neighbour cell is not broadcast and the starting time of the next candidate cell is not recommended to introduce, time information is only broadcast and used to initiate measurement on neighbour cells, but not used to select a target cell. 
Proposal 1: For quasi-earth fixed cell, the starting time of the next candidate cell(s) is not broadcast. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 2: For quasi-earth fixed cell, time based cell reselection criterion is not considered in R17.
Further discussion is needed on which SIB the serving cell’s stop serving time should be included. As described in [1], SIB2 contains cell re-selection information common for intra-frequency, inter-frequency and/or inter-RAT cell re-selection as well as intra-frequency cell re-selection information other than neighbouring cell related. The cell stop time of serving cell has a similar usage with the information include in SIB2. The overhead of time information is small and has little impact on SIB2 transmission performance. So we suggest serving cell stopping time is delivered in SIB2.
Proposal 3: The serving cell stop serving time is broadcast in SIB2.
Location-assisted cell reselection
In earth fixed scenario, regarding to the location-assisted cell reselection, the following agreements were reached:
Agreements in RAN2#115e:
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]1.	For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information.
Agreements in RAN2#116e:
1.	Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell. FFS on how UE performs location acquisition.
2.	For quasi-earth fixed cell, same as legacy, UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location.
3.	Distance based cell reselection criteria for quasi-earth fixed cell is supported.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Based on these agreements, the location-assisted cell reselection will be discussed in two parts, which are measurement initiation and cell reselection criteria.
2.1.2.1 Measurement initiation on neighbour cells
According to the measurement rules for cell re-selection [2], when the serving cell’s RSRP fulfils some conditions, the UE may choose not to perform measurement of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority. In NTN cell, the impact of near-far effect is not obvious, that the legacy measurement initiation may not work well. On the one hand, without location information, UE could know it is at the edge of network only by the rapidly decreasing RSRP/RSRQ, it is a little late for cell reselection by then. The location information can help UE initiate measurement on neighbour cells timely. On the other hand, UE can avoid too early measurement to reduce power assumption with location information. 
Then the relationship between location criteria and legacy S criteria need to be further discussed. If the distance between UE and serving cell reference location is over a threshold, UE will assume it is at edge of the cell. If the RSRP/RSRQ is lower than the threshold, means the UE is at a poor channel condition. UE should perform neighbour cell measurements as long as one of these conditions is met.
[bookmark: _Ref77692991][bookmark: _Ref78982232][bookmark: OLE_LINK9][bookmark: OLE_LINK12]Proposal 4: For quasi-earth fixed cell, if (the distance between UE and serving cell reference location is shorter than the configured threshold) and (the legacy Srxlev/Squal condition is met), UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority. Otherwise, UE is required to perform these measurements.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]2.1.2.2 Cell reselection criteria
RAN2#116e had agreed that distance assisted reselection criteria for quasi-earth fixed cell is supported. In general, it may be helpful to inform UE more information of the neighbor cells. However, in the procedure of reselecting a better cell, the benefits that the neighbour cells reference location can bring to UE is still not clear. Here are some main reasons for companies support distance assisted cell reselection criteria:
a) In scenario which deployed different satellite orbits (GEO, MEOs, LEOs) with different cell size, the RSRP/RSRQ would not work.
b) The distance can help UE select a cell with minimum TA, which is meaningful in process of accessing.
c) Select the nearest neighbour cell can reduce the possibility of UE moving out of the reselected cell again immediately, which means more stable service.
Actually, the above mentioned reasons are not sufficient: 
In the discussion of NTN connected mode, RAN2#114e had agreed that the reference location for the event description is defined as cell center. In the following description, the reference location refers to the cell center.
[bookmark: OLE_LINK31]Agreements in RAN2#114e:
1.	The reference location for the event description is defined as cell center.
Firstly, in scenario with different orbits (GEO, MEOs, LEOs), it is not suitable for UE to choose a cell depend on the location information. In IDLE/INACTIVE mode, UE prefer to select a cell with better RSRP or longer serving time. On one hand, choose a cell with shorter distance might avoid UE from selecting GEO or MEO, which provides longer serving time. To solve this problem, the network needs to broadcast each neighbour cells radius additionally, and set more complex cell reselection criteria. On the other hand, if the cell quality satisfies the RSRP threshold, the distance information is not really meaningful because satisfying the RSRP condition means the UE is already within the effective coverage of the cell. The reason a) is not reasonable.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Secondly, in earth fixed scenario, the neighbour cell reference location can avoid UE selecting a faraway cell, but cannot avoid UE selecting a faraway satellite. As shown in figure 1, UE, expressed as “△” , is at the cell edge of the serving cell, and detected the SSB from neighbour cell A and B. The distances between UE and neighbour cells’ cell center are described as d1a and d1b. The distances between UE and the satellites, which the neighbour cell belongs to, are described as d2a and d2b. In this case, d1b is larger than d1a, while d2b is shorter than d2a. If the reference location is considered in process of cell reselection, UE tend to choose cell A, which means a farther satellite with a longer TA. What’s more, although the cell fixed to a certain location on the earth during certain time duration, the satellite keep moving in its orbit. It is meaningless to choose the minimum TA in a certain time since the TA is changing all the time. The reason b) is not always true.
[image: ]
Figure 1. Distance discription
[bookmark: OLE_LINK13][bookmark: OLE_LINK18]Finally, compared with the cell radius, the movement range of UE is small. It is not easy for UE to move out of the reselected cell again immediately. For example, as shown in figure 2, the cell radius is 50km and UE is 49km away from the cell center. If UE has a speed of 60km/h and moving away from the cell center, 1min is needed to move out of the cell. That is, the probability of UE has serving time less than 1min, caused by the movement of UE, is very small. However, in earth fixed scenario, consider the time of cell fixed to a certain location can be up to 10min. The probability of UE choose a cell with serving time less than 1min, caused by the instantaneous movement of cell, is about 10 percent. Hence, to obtain more stable service, it is better to choose a cell with longer serving time rather than a cell with shorter distance. The reason c) has little impact.
[image: ]
Figure 2. Cell size and UE moving speed
In summary, consider supporting location based cell reselection criteria will lead in more overhead in system information and increase the complexity for UE which results in more power consumption to calculate the distance to each neighbour cell, but with little benefit. Before to support the location based cell based cell reselection criterion, some more essential reasons should be considered.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Observation 1: For quasi-earth fixed cell, the benefits that the neighbour cells reference location can bring to UE in cell reselection criterion is still not clear.
Proposal 5:  For quasi-earth fixed cell, RAN2 should further evaluate the benefits of considering neighbour cells reference location in cell reselection criterion.
Proposal 6: If there is no benefit brought by using the neighbour cells reference location in cell reselection criterion, the neighbour cells reference location should not be broadcast, and the legacy cell reselection criteria based on RRM measurement should be reused as baseline.
Earth moving scenario
Agreements in RAN2#115e:
1.	Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection.
Since RAN2 115e had agreed that no further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection. In this section only location-assisted cell reselection will be discussed.
Location-assisted cell reselection
In earth moving scenario, if location assisted cell (re-)selection is supported, the main problem is how to determine the real-time cell center since the cell center is keep moving. According to the discussion for RRC_CONNECTED UE, it was already agreed that:
[bookmark: OLE_LINK14]Agreements in RAN2#112e
1.	Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.
[bookmark: OLE_LINK17]Agreements in RAN2#114e
1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
1. The reference location for the event description is defined as cell center.
Based on the above agreements, we can assume the UE has the capability that fulfill the requirement of calculating real-time cell center in earth moving scenario, RAN2 can consider supporting location assisted cell reselection for IDLE/INACTIVE UE.
For earth moving cell, the trajectory of cell center can be seen as a line in a period of time, with knowing the cell center’s position at a time and the moving speed vector, UE can calculate the real-time cell center roughly, and it is enough for UE to judge the cell edge. As shown in figure 3, at time T, the cell center coordinate is expressed as (x1,y1), with a speed (vx,vy). After τ, the cell center coordinate changes to (x1’,y1’), which can be calculated by (x1+τ* vx, y1+τ* vy). UE can judge its position by calculating the distance to the real-time cell center, and further determine whether measurement on neighbour cells is required.
[image: ]
Figure 3. Cacluate the real-time cell center of serving cell
Considering earth moving cell tend to provide shorter serving time than earth fixed cell, choose a neighbour cell with longer service time seems important in earth moving case. For earth moving cell, with knowing some position and velocity information, the remaining serving time of neighbour cell can also be calculated roughly. As shown in figure 4, at a certain time, the position of the neighbour cell’s cell center and UE are expressed as (x1,y1) and (x2,y2), respectively. The cell center has a speed V=(vx,vy).  and can be calculated as ,, then D can be calculated by the trigonometric function. The remaining serving time of the neighbour cell can be expressed as . By this way, UE could select a neighbour cell with longer serving time. However the above mentioned method will bring UE more energy consumption, that need to be further considered.
 [image: ]
Figure 4. Cacluate the avaliable serving time of neighbour cell
Proposal 7: For earth moving cell, the location information is needed to assist cell reselection.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 8: For earth moving cell, the serving cell location information is broadcast for UE to initiate measurement on neighbour cells. FFS what information needs to be broadcast.
Proposal 9: For earth moving cell, the serving cell location information could be broadcast to UE to support distance based cell reselection criteria. 
Prioritize TN over NTN
According to CT1, it has been determined that TN and NTN belong to different RATs. In the procedure of PLMN selecting, NAS can realize prioritizing TN over NTN. Further, in the procedure of cell reselecting, prioritizing TN over NTN can also be realized by existing mechanisms. In case of TN and NTN deployed with different frequency, prioritizing TN over NTN can be realized by setting different priorities as legacy. In case of TN and NTN deployed with the same frequency, prioritizing TN over NTN can be realized by setting Qhyst and Qoffset. That is, prioritizing TN over NTN can be achieved by legacy mechanism, and there is no need to make more restrictions. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK38][bookmark: OLE_LINK39]Proposal 10: No enhancement is needed to realize prioritizing TN over NTN. 
Conclusion
According to the analysis in section 2, the following observation and proposals are provided:
Observation 1: For quasi-earth fixed cell, the benefits that the neighbour cells reference location can bring to UE in process of cell reselecting is still not clear.
Proposal 1: For quasi-earth fixed cell, the starting time of the next candidate cell(s) is not broadcast. 
Proposal 2: For quasi-earth fixed cell, time based cell reselection criterion is not considered in R17.
Proposal 3: The serving cell stop serving time is broadcast in SIB2.
Proposal 4: For quasi-earth fixed cell, if (the distance between UE and serving cell reference location is shorter than the configured threshold) and (the legacy Srxlev/Squal condition is met), UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority. Otherwise, UE is required to perform these measurements.
Proposal 5:  For quasi-earth fixed cell, RAN2 should further evaluate the benefits of considering neighbour cells reference location in cell reselection criterion.
Proposal 6: If there is no benefit brought by using the neighbour cells reference location in cell reselection criterion, the neighbour cells reference location should not be broadcast, and the legacy cell reselection criteria based on RRM measurement should be reused as baseline.
Proposal 7: For earth moving cell, the location information is needed to assist cell reselection.
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Proposal 8: For earth moving cell, the serving cell location information is broadcast for UE to initiate measurement on neighbour cells. FFS what information needs to be broadcast.
Proposal 9: For earth moving cell, the serving cell location information could be broadcast to UE to support distance based cell reselection criteria. 
Proposal 10: No enhancement is needed to realize prioritizing TN over NTN.
Reference
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