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Introduction
 At RAN 98-e meeting the revised WI “NR NTN (Non-Terrestrial Networks) enhancements” [1] was approved.  In the last meeting, we only discussed the LS from RAN2 related to RACH-less, as for several objectives have not been discussed and in #106bis_e meeting we will specify the scenarios and general view on the topics, what we discussed before were captured in [2]. 
Discussion
The objectives of Rel-18 NTN enhancement are described in [1] including:  
	2.1 	NR-NTN deployment in above 10 GHz bands
2.2 	NTN-TN and NTN-NTN mobility and service continuity enhancements


In this meeting, we will discuss the scenarios and express our views on potential impact to RRM requirements towards the above objectives. The objectives are divided into four aspects:
2.2 NR-NTN deployment in above 10 GHz bands
RAN4 shall define the RRM requirements based on the latest revised WID as below:
	The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.



And in the last meeting, RAN4 had some agreements as below:
	Issue 2-1: Numerologies in NR-NTN above 10 GHz bands
Agreement:
· RAN4 to consider the following numerologies for RRM requirement definition for NR-NTN above 10 GHz bands:
· Consider SSB SCS larger than 30kHz, i.e. 120kHz and 240kHz
· Consider UL SCS larger than 30kHz, i.e. 60kHz and 120kHz
· RAN4 to send an LS to RAN1 and RAN2

Issue 2-3: Measurement and Mobility Requirements in NR-NTN above 10 GHz bands
Agreement:
· Do not define requirements for mobility between NTN Ka band and NTN FR1 for Rel-18
· Do not define requirements for mobility between NTN Ka band and TN in FR1 or FR2 for Rel-18


In TS38.101-5, the RF session has been approved  two bands as below:
Table 5.2.2-1: NTN satellite bands in FR1
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.


As the table shows us that NTN satellite bands in FR1 and in R17 NR NTN the RRM requirements are defined based on n256 and n255 bands, that is, FR1 scenario. In R18 NR NTN, the revised WI suggests us  study the in above 10GHz, based on above we think the current requirements doesn’t fit. The potential RRM requirements should be difined, but first of all the scope should also be clarified. For NTN-Ka bands, measurements and handover etc. should be studied in Ka bands, on the contrary, the band between FR1 and NTN-Ka bands are not included in this WI. 
The potential RRM impacts on the following requirements are presented:
· Rx beam sweeping
· Timing requirements
· Link-budget in NTN-Ka bands
· Cell re-selection
· Handover
· RLM and LR
· Measurements
Proposal 1: The current requirements for FR1 shall be the baseline or the starting point when RAN4 defines the requirements for NR NTN in above 10GHz. 

2.3 NTN-TN and NTN-NTN mobility and service continuity enhancements
In the latest WID as below, for NTN-NTN and NTN-TN these two scenarios, RAN4 mainly focuses on the cell re-selection enhancement (to reduce the power consumption). we firstly clarify the scope for this topic and analyse the different scenarios based on the WID.
	This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]



First of all, we need to clarify the scope:
· In this WI only single carrier is supported;
· The cell re-selection enhancements for RRC_IDLE/INACTIVE for NTN-TN and NTN-NTN scenario are supported, the TN-NTN scenario;
·  The RRC_CONNECTED state related issues are not included in this WI;
· The mobility issues mainly towards the earth moving cell such as NGSO (LEO, MEO).
For the first bullet, in R17 we defined and studied requirements for cell re-selection which are applied for the quasi-earth fixed scenario, the time based and location based were discussed, based on the clarified scope, the cell re-selection enhancement for earth moving scenario will be studied in this meeting.
This is mainly a progress based on RAN2 progress. For NTN-NTN mobility:
	In RAN2 #119bis meeting:
· For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
· System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
· In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE

In RAN2 #121 meeting:
· A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
· For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell.
· For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.
· For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location.



After several RAN2’s meetings, we can capture several key conclusions from it:
· The necessary parameters will be provided by NW to assist UE to estimate when the serving cell stops providing coverage at the present UE location and the SI is the basic means like SIB19. 
· According to RAN2 agreements, “ For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.”.
From RAN4 perspective, the time based method and location based method were introduced in R17, that is, the “t-service” is cell service time for UE doing the measurements and the comparable “reference distance and configured distance threshold” were discussed. However, based on RAN2 agreements the location based should be studied firstly and the location based cell measurement rules of quasi-fixed cell is reused, on the contrary, the time based method shall be introduced after RAN2 concrete progress.
Observation 1: For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused.
When discussing the location-based cell measurement, the time to HO for min/max cell diameter and varying UE speed should be considered.
If the cell diameter size is 50km, and we know that the speed of LEO600 is 7.56km per second, the time for current serving cell coverage can be calculated combined with the UE speed as below:
[image: ]
1. The movement speed combined with UE speed: 

2. The time for current serving cell coverage(min cell diameter):

In this paper the NTN LEO will be used as an assumption. As calculation shown, we mainly talk about the LEO transparent payload, the relative speed of Satellite with respect to earth is 7.56km per second. The typical Min / Max NTN beam foot print diameter is 50km/1000km. From the formulation above, it can be seen that if the cell diameter size is 50km, combining with the UE speed the time for current serving cell for LEO has the max value 6.49s, that is, if UE starts to camp on a totally new neighbour NTN cell, the maximum detect time shall be smaller than around 6s.
In this section, two scenarios should be considered:
[image: NTN-NTN场景一]
Figure 1  Earth moving cell ①
The reference distance is the distance between the UE and the current NTN serving cell, and the reference point is in the current NTN serving cell. As the figure 1 shows us that the UE is at the cell edge of the current NTN serving cell when the new NTN serving cell appears and UE starts to camp on it. The reference point d1 moves to d2 because of satellite moving during T2-T1. Therefore, the UE in figure 1 has little time to measure, detect or evaluate on the neighbour NTN cell instantly based on the configured distance threshold.
[image: NTN-NTN场景二]
Figure 2  Earth moving cell ②
In this scenario, the UE has enough time to camp on the new neighbour NTN cell and it has been at the cell edge of the new NTN cell. Although the UE can start to detect and do the measurement, according to cell re-selection conditions in TS 38.133 as below, we shall consider the worst cases and consider if the conditions can be met under this scenario.
Table 4.2C.2.3-2: Tdetect,NR_Intra_enh, Tmeasure,NR_Intra_enh and Tevaluate,NR_Intra_enh
	DRX cycle length [s]
	Tdetect,NR_Intra_enh [s] (number of DRX cycles)
	Tmeasure,NR_Intra_enh [s] (number of DRX cycles)
	Tevaluate,NR_Intra_enh [s] (number of DRX cycles)

	
	
	
	

	0.32
	 2.56 x M2 (8 x M2)Note 1
	0.32 x M3 (1 x M3) Note 1
	0.96 x M4 (3 x M4) Note 1

	0.64
	5.12 (8)
	0.64 (1)
	1.92 (3)

	1.28
	8.96 (7)
	1.28 (1)
	3.84 (3)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)

	Note 1:	When SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 2, M3 = M4 = 2.5


In TS 38.133, it says that the UE is not required to meet the requirements for 2.56s DRX cycle length for earth-moving LEO deployment. Therefore, we consider the worst cases for intra-frequency cell for cell re-selection in this scenario according to the current requirements. As the above table shown, if the DRX cycle length is 1.28s, the detect time will be 8.96s, and as we described above if UE starts to camp on a totally new neighbour NTN cell, the maximum detect time shall be smaller than around 6s. 8.96s>6s, UE can not do the detection and the current location-based method and requirements can not be met in this scenario.
Observation 2: Both of two scenarios can not complete the cell re-selection based on the current requirements, so more information and parameters for cell re-selection shall be needed.
Proposal 2: The current requirements for quasi-fixed cell shall be the baseline or the starting point when defining the requirements for earth moving cell.
Proposal 3: Wait for more RAN2 outcomes on information and parameters to be used for the cell re-selection measurement.
In the last meeting, in order to solve this problem two methods were discussed but there was no agreement were agreed:
	Issue 4-1: NTN-NTN Cell reselection enhancements for earth moving cell
Issue 4-1-A: Time-based cell reselection in earth moving cell NTN deployments
· No agreement.

Issue 4-1-B: For location-based cell reselection in earth moving cell NTN deployments
Agreement:
· For location-based cell reselection in earth moving cell NTN deployments:
· Whether the coverage information of serving cell is (absolutely) necessary:
· No consensus in the group on whether serving cell coverage information is absolutely necessary.
· Consider further progress and conclusion from RAN2, if any
· Whether and to what extent restrict the use of the values of DRX cycle:
· FFS: Do not further restrict DRX cycle beyond Rel-17 NR NTN.



For coverage information, what we discussed is based on the following two situations :
1. Firstly, for earth fixed cells, time based method is relatively easy to discuss compared to earth moving cells, as discussing time based for moving cells would be more complex and require consideration of satellite movement time, direction of cell coverage, UE movement time, etc. Compared to fixed cells, dynamic changes are significant, and based on the existing conclusions of RAN2, we will first discuss location based methods. After time based is not available, we would like to ensure that location based is "definitely" available, which is also based on RAN2's existing conclusions. Therefore, we propose coverage information, which mainly refers to NW informing UE of the coverage range of the cell. In R17, it did not consider this point and only considered NW informing UE of the distance threshold, Therefore, an additional restriction has been added to the earth moving cell to ensure that UE can complete cell re-selection.
2. The idea of defining requirements in R17 can serve as a starting point, but RAN2 generally only studies the conditions of triggers, that is to say, what conditions are met before cell re-selection can be carried out, but there is no information to inform UE about the coverage of the service cell and whether it can effectively complete cell re-selection. Therefore, coverage information can currently be discussed in RAN4.
Observation 3:  RAN2 generally only studies the conditions of triggers, that is to say, what conditions are met before cell re-selection can be carried out, but there is no information to inform UE about the coverage of the service cell and whether it can effectively complete cell re-selection.
Proposal 4:  The serving cell coverage information is absolutely necessary and RAN4 shall discuss the details about this in this meeting.
For the second method, most companies do not agree that RAN4 could restrict the use of the values of DRX cycle since in R17 for earth moving cell we have already restrict the DRX cycle as below:
Table 4.2C.2.2-1: Nserv
	DRX cycle length [s]
	Scaling Factor (N1)
	Nserv [number of DRX cycles]

	
	FR1
	

	0.32
	1

	M1*N1*4

	0.64
	
	M1*N1*4

	1.28
	
	N1*2

	2.56
	
	N1*2

	Note 1:	The UE is not required to meet the requirements for 2.56s DRX cycle length for earth-moving LEO deployment.


Based on this, most companies deem that it is not necessary for RAN4 to restrict the value of DRX, and other methods can be discussed in this meeting.
Observation 4: In R17 for earth moving cell RAN4 has already restrict the DRX cycle.
For the second bullet, RAN4 had the agreements towards NTN-TN cell reselection enhancements (to reduce UE power consumption) as below:
	Issue 4-2: NTN-TN Cell reselection enhancements (to reduce UE power consumption)
· No agreement. Wait for further progress from RAN2. Companies can provide further analyses in the next meeting as usual. The analyses and discussions may depend on the following aspects:
· The direction of cell reselection, e.g. from TN to NTN, from NTN to TN
· The type of satellites, e.g. GEO, GSO, NGSO
· The type of NTN cell deployment, e.g. earth fixed cell vs. earth moving cell
· Accuracy of TN coverage information provided by NTN cell. 
· Whether assistance information of neighbour NTN cells ( e.g. ephemeris data, frequency layer and PCI) provided by serving TN cell is mandatory in terms of RRM requirement definition/applicability



And it is to specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption and the RAN2 has several agreements as below:
	In RAN2 #119bis meeting:
· To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
· RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
· Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.
In RAN2 #120 meeting:
· RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
· Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.
In RAN2 #121 meeting:
· 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.
· We don’t introduce additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17


The conclusion of RAN2 is that TN coverage will be broadcast in NTN, but the specific granularity has not yet been determined. However, considering that the system information is delivered through broadcast, there is a high probability that it will not be broadcast per cell. A broadcast TN coverage area may contain one or more TN cells, and the specific aggregation depends on the network implementation. The reason is that the size of the SI may be too large for broadcast cell granularity information. The second reason is to avoid exposing the location of the base station. And the scenario discussed in RAN2 is that the UE resides in NTN, and then in areas without TN coverage, there is no need to perform adjacent measurement of TN frequency points, that is, the UE will still reside on NTN, and the premise for triggering the location-based cell re-selection measurement is that the UE currently resides in NTN since the relevant parameters are broadcast in SIB19. So in areas without TN network coverage, UE does not need to measure in TN neighboring cells, thereby achieving the goal of power saving.
Secondly,  we have three scenarios as below: 
[image: NTN-TN_总场景]
Figure 3  NTN-TN scenarios
Based on the agreements and conclusions from RAN2, scenario (c) whether the UE can do the measurement in TN neighbouring cell or not which is up to the NW implementation.  
As for scenario (b) the partial overlap between the TN coverage and the NTN coverage. As we all know that for NTN/TN UE the cell re-selection measurement for TN neighbouring cell measurement has the higher priority, but for this scenario the UE is close to TN coverage but camp on the NTN cell, there is one point that is contradictory that whether the UE measure the TN neighbour cell. If the UE measure the TN neighbouring cell the power saving maybe not be met, on the contrary, if the UE is still in the NTN cell and doesn’t perform TN neighbouring cell measurement, it can save the power consumption but how about the higher priority for TN neighbouring cell measurement. The same situation as scenario (a) full overlap between the TN coverage and the NTN coverage.
Therefore, we deem that more RAN2 outcomes shall be needed and RAN4 can send LS to RAN2 to consider the scenario (a) and scenario (b) and let RAN2 provide the additional information for NTN-TN mobility so as to save the power saving, if necessary.
Observation 5: As for scenario the partial and full overlap between the TN coverage and the NTN coverage, if the UE measure the TN neighbouring cell the power saving maybe not be met, on the contrary, if the UE is still in the NTN cell and doesn’t perform TN neighbouring cell measurement, it can save the power consumption but how about the higher priority for TN neighbouring cell measurement.
Proposal 5: RAN4 to discuss potential RRM impacts for NTN-TN mobility when there are enough outcomes in RAN2.
Proposal 6: RAN4 can send LS to RAN2 to consider the scenario that the partial and full overlap between the TN coverage and the NTN coverage and let RAN2 provide the additional information for NTN-TN mobility so as to save the power consumption, if necessary.

Conclusion
In this paper we provided our views on RRM requirements on R18 NR NTN enhancement.
Observations:
Observation 1: For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused.
Observation 2: Both of two scenarios can not complete the cell re-selection based on the current requirements, so more information and parameters for cell re-selection shall be needed.
Observation 3:  RAN2 generally only studies the conditions of triggers, that is to say, what conditions are met before cell re-selection can be carried out, but there is no information to inform UE about the coverage of the service cell and whether it can effectively complete cell re-selection.
Observation 4: In R17 for earth moving cell RAN4 has already restrict the DRX cycle.
Observation 5: As for scenario the partial and full overlap between the TN coverage and the NTN coverage, if the UE measure the TN neighbouring cell the power saving maybe not be met, on the contrary, if the UE is still in the NTN cell and doesn’t perform TN neighbouring cell measurement, it can save the power consumption but how about the higher priority for TN neighbouring cell measurement.

Proposals:
Proposal 1: The current requirements for FR1 shall be the baseline or the starting point when RAN4 defines the requirements for NR NTN in above 10GHz. 
Proposal 2: The current requirements for quasi-fixed cell shall be the baseline or the starting point when defining the requirements for earth moving cell.
Proposal 3: Wait for more RAN2 outcomes on information and parameters to be used for the cell re-selection measurement.
Proposal 4:  The serving cell coverage information is absolutely necessary and RAN4 shall discuss the details about this in this meeting.
Proposal 5: RAN4 to discuss potential RRM impacts for NTN-TN mobility when there are enough outcomes in RAN2.
Proposal 6: RAN4 can send LS to RAN2 to consider the scenario that the partial and full overlap between the TN coverage and the NTN coverage and let RAN2 provide the additional information for NTN-TN mobility so as to save the power consumption, if necessary.
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