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1 Introduction
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In RAN2#111 e-meeting, the following agreements for idle UE were achieved [1]:
In this contribution, we will further discuss the control plane aspects for idle mode UE and provide some suggestions.
2 Discussion
2.1 Network type indication 
During RAN2#111e meeting, the network type/scenario indication was discussed and it concluded that the network type should be known to UE and the implicit or explicit indication need to be further studied. For implicit indication, some solutions were proposed for UE to recognize the network type. We will analyze the solutions as following.
Table 1 The analysis for network type identification 
	Solution 
	Pros 
	Cons

	Solution 1, PLMN, if TN and NTN have different PLMN, UE could recognize the NTN according to the PLMN, moreover, UE could differentiate the satellite type if the GEO and LEO have different PLMN.
	The solution can be done by the network operator implementation. 
	If NTN and TN have the same PLMN, the solution it doesn’t work. And it may need to extend the maximum number of PLMN identities.

	Solution 2, NTN specific SIB or NTN specific information in SIB, UE can recognize the network type by NTN specific SIB or NTN specific information in SIB.
	It does not require the additional standard efforts since the NTN specific SIB or NTN specific information will be introduced for other purpose.
	UE may need to acquire the NTN specific SIB when UE performs cell selection/reselection. This may lead to power consumption.

	Solution 3, network type explicit indication in SIB1, it was proposed that SIB1 include a network type indication and the UE could differentiate the network type according to the SIB1.


	UE could recognize the network type directly according to the cell type indication in SIB even if the different satellite type have the same PLMN.
	The additional indication for UE to recognize the network type will be introduced in SIB1, so a new IE need to be introduced in SIB1.


According to the above discussion, for solution 1, it requires the different PLMN for different network type and it may need to extend the maximum number of PLMN identities. For solution 2, if NTN specific SIB is introduced, UE could recognize the network type according to the scheduling information for NTN specific SIB in SIB1, however, if UE wants to differentiate the network scenario such as GEO or LEO, the UE may need to ephemeris data and it leads to UE more power consumption. For solution 3, it requires a new IE for network type explicit indication in SIB1. 
Proposal 1: The implicit indication for network type should be supported, such as different PLMN for different network type and NTN specific SIB and/or NTN specific information in SIB. 
2.2 Tracking area
In TR 38.821 [2], the fixed tracking area was studied and recommended for NR NTN. For the fixed tracking area, there are two options as following.

Option 1: The tracking area is designed to be fixed on ground and UE acquires TAC by network broadcasting. This implies that while the cells sweep on the ground, the tracking area code (i.e. TAC) broadcasted is changed when the cell arrives to the area of next planned earth fixed tracking area location.
Option 2: The earth is divided into a lot of geographical areas and each geographical area is mapped to a certain TAC. This implies that the mapping rule between the geographical area and the TAC value is kept both on UE side and network side and UE derives the TAC based on its location information.
The option 1 can be supported by current TAU mechanism, the option 2 is a new TAU mechanism and it requires the UE location information and preconfigured mapping rule. 
Based on the above discussion, we have the following proposal:

Proposal 2: The tracking area designed to be fixed on ground and TAC broadcasted by network should be supported for NR NTN.
2.3 Ephemeris data 
There are two options for ephemeris data as following:

Option 1: Orbital parameters (including orbital and satellite related parameters)

Option 2: Satellite coordinates, e.g. ECEF coordinates to represent satellite’s position (x, y, z), time, velocity, etc.

For option 1, since some orbital parameters are same for all satellites with the same orbit, so this part parameters can be pre-configured to UE to save signaling overhead. For option 2, it will provide increased positioning accuracy and velocity of satellite, but it needs to update the parameters frequently. So, both options have pros and cons.
For RAN2, it was concluded that ephemeris data can be used to assist cell reselection. For RAN1, the ephemeris data will be used when UE is performing initial access and timing and frequency synchronization. So, it seems that ephemeris data is more important for RAN1. For instance, the positioning accuracy of satellite is more important from RAN1’s perspective.
Proposal 3: Regarding ephemeris data, RAN2 should wait the input from RAN1.  
2.4 Cell resection priority configuration 

Since the NTN is introduced for 5G, there are many network types for the same RAT (5G NR), such as TN, LEO and GEO. For the 5G capable UE, it is a reasonable assumption that the network can control UE to attach to the specific network type. For instance, according to the UE type, UE traffic requirements and network requirements, the network can indicate idle mode UE to reselect to the specific network type.
Based on the NR cell reselection priority mechanism, network can configure different frequency priority for different network type if the frequency is different for different network type. For example, assuming the frequency of TN, LEO and GEO is f1, f2 and f3 respectively, if network want UE to reselect to TN with priority, the cellReselectionPriority of f1 can be configured higher than f2 and f3, so that UE will select to TN if there is suitable cell of TN.

If different network types have the same frequency, the network can’t indicate UE to reselect to the specific network type based on the existing cell reselection priority configuration. For this case, the additional information may be need to indicate UE to reselect to the target network type, for example, network type indication could be introduced for UE to reselect to the indicated network type with priority. Considering the NR cell reselection priorities can be configured to UE by system information and RRC release message, it is a straightforward way that network type indication also can be configured to UE by system information and RRC release message. For example, the network type indication can be included in SIB2 if this frequency is deployed on different network types. The network type indication indicate UE to reselect to this network type with priority. In the following, we will provide an example for cell selection/reselection procedure based on NR S-criterion, R-criterion and network type indication.
Step 1: UE selects neighbour cells which satisfy the S-criterion;

Step 2: UE ranks the selected neighour cells based on R-criterion;

Step 3: UE selects the cell with highest Rn;

Step 4: UE recognizes the network type of the cell with highest Rn (selected in step 3), if the network type is the same as the network type indication in SIB2, the UE reselects to the cell selected in step 3;

Step 5: if the network type is different from the network type indication in SIB2, UE deletes this cell from the R sequence, and then repeats the step 3 until UE selects the proper neighbour cell based on step 4;

Step 6: if all the neighour cells selected in step 2 can’t satisfy the requirements in step 4, UE reselects to the cell with highest Rn. 
Proposal 4: The network type indication could be introduced for UE to reselect to the indicated network type with priority.

2.5 Cell reselection between TN and NTN

NTN has larger coverage than TN. The radius of NTN cell could up to hundreds of kilometres. UE could connect to NTN if there is no TN deployment. However, if there is both TN and NTN deployment, TN could provide better UE experience from the respect of delay and power consumption. TN frequency should be configured with higher priority than NTN frequency, so that a UE, camping on NTN, could reselect to TN if there is available TN cell to obtain shorter delay service and save power consumption. 

According to 38.304, UE should always search and measure the frequency with higher priority regardless of the channel condition of the current NR frequency in the whole area of camped cell. The cells on different frequencies can be expected to provide similar coverage in TN. However, the deployment of NTN and TN is much different. The TN coverage is much smaller than NTN cell. TN may only cover part of NTN cell. UE has to measure the TN frequency with higher priority within the whole NTN cell, even in the area where no TN is deployed.

Observation 1: It’s power waste for UE to measure TN frequency in the area where no TN is deployed.

In TN, the measurement could be triggered or stopped by S criteria, which is based on signal strength. However, in NTN, this mechanism may not work. An example is given in Fig 1. 
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Fig 1 Example of TN and NTN deployment

As depicted in fig 1, there may be one or multiple areas with TN coverage, for example city and village, in one NTN cell. These areas could locate in the centre or the edge of the NTN cell, which is not regularly distributed. The signal strength characteristics of NTN are different in different TN areas. Therefore, S measure can’t apply to this deployment.
Observation 2: S measure can’t be used to control TN frequency measurement in NTN.
Location information is introduced in mobility management in NTN. UE could determine whether it’s at the edge of NTN cell by location. This could also be used to control TN frequency measurement. Since the TN area should be fixed without dynamic update. NTN gNB should be able to know the location of TN area within its coverage. NTN gNB could provide the location information of TN within the NTN cell to UE in SI or dedicated signalling. The location information could be a reference point or list of coordinates, which could be up to operators and practical deployment. UE could only measure the TN frequency when it’s within the TN areas provided by NTN gNB. Otherwise, UE would not measure the TN frequency. In this way, UE could avoid the power waste due to unnecessary measurement. Operator could include one or multiple city or village in one TN area to save signalling overhead. 

Proposal 5: NTN gNB could provide the location information of TN within the NTN cell to UE. UE measures the TN frequency when it’s within the TN areas. Otherwise, UE does not measure the TN frequency.
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Fig 2 Example of TN and NTN deployment

The TN may be deployed on different frequencies within one NTN cell. As depicted in Fig 2, one NTN cell may cover two countries’ territory. In country 1, operator deploy TN frequency 1. And in country 2, operator deploy TN frequency 2. Currently, the inter-frequency measurement configuration carried in SIB2 is commonly applied in the whole cell. NTN gNB has to provide the TN frequency 1 and 2 and location information of both country 1 and 2. However, this would result in UEs in country 1 has to measure both TN frequency 1 and 2. But only TN frequency 1 has TN coverage. It’s unnecessary and power waste to measure TN frequency 2 for UEs in country 1. The same issue occurs to UE in country 2 to measure TN frequency 1. To avoid this unnecessary measurement, NTN gNB could associate the TN frequency and TN location information. UE only measures the TN frequency which is associated with its location.

Proposal 6: NTN gNB could associate the TN frequency with TN area. UE only measures the TN frequency which is associated with this area.
2.6 How to follow local regulation
Satellite’s orbit would cross multiple countries’ territory. The regulation regarding the spectrum usage or NTN operation may be different in these countries. The NTN gNB must follow the local regulation to turn on/off or adjust the configuration. The border shape between countries or regions is irregular. The beam foot print size of NTN cell in diameter could be from 100km to 1000km. It’s impossible to adjust the NTN cell coverage to fit the border shape exactly. NTN cell may inevitably cover neighbour country or region when moving close to border. But UEs in neighbour country or region may not be allowed to access this NTN cell according to local regulation. Also, some configuration is country specific, e.g. TN frequency. UEs in neighbour country shall not follow the configuration which is not applicable in his country.

One way is NTN gNB could choose to reject the UE’s request according to its location. However, the UE’s location may not be available at gNB. Furthermore, gNB can only acquire the UE’s location after establishing the RRC connection, which is not available for IDLE UE. An alternative is to let UE choose the appropriate configuration according to its location. NTN gNB could provide geo area and associated configuration, e.g. barred, TN frequency. This method could apply to UEs in all modes and doesn’t require NTN gNB to know UE’s location.
Proposal 7: NTN gNB provides the geo areas and associated configuration, e.g. barred, TN frequency. UE chooses the applied configuration according to its location.
3 Conclusions 
In this contribution, we have discussed the network type indication, tracking area update, ephemeris data, cell reselection priority, cell reselection between TN and NTN and local regulation. Based on the discussion, we provide the following proposals: 
Proposal 1: The implicit indication for network type should be supported, such as different PLMN for different network type and NTN specific SIB and/or NTN specific information in SIB. 
Proposal 2: The tracking area designed to be fixed on ground and TAC broadcasted by network should be supported for NR NTN.
Proposal 3: Regarding ephemeris data, RAN2 should wait the input from RAN1.  
Proposal 4: The network type indication could be introduced for UE to reselect to the indicated network type with priority.

Observation 1: It’s power waste for UE to measure TN frequency in the area where no TN is deployed.

Observation 2: S measure can’t be used to control TN frequency measurement in NTN.
Proposal 5: NTN gNB could provide the location information of TN within the NTN cell to UE. UE measures the TN frequency when it’s within the TN areas. Otherwise, UE does not measure the TN frequency.
Proposal 6: NTN gNB could associate the TN frequency with TN area. UE only measures the TN frequency which is associated with this area.
Proposal 7: NTN gNB provides the geo areas and associated configuration, e.g. barred, TN frequency. UE chooses the applied configuration according to its location.
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Cell selection / reselection in NR is the baseline in NTN idle mode procedure.


Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN


The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).


The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
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