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Discussion and Decision
1 Introduction
TN-NTN cell reselection enhancement to reduce UE power consumption is one of R18 NTN enhancement objectives. RAN2 discussed this issue in previous meetings and made the following agreements:
	RAN2#119bis Agreements
1. 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)

2. 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.

3. 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.

4. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

5. The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.

6. 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.

	RAN2#120 Agreements
1. 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.

2. 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.




This contribution provides our view on the following open issues:
· Issue 1: Provision of TN coverage information
· Issue 2: UE operation on TN neighbor cell measurement
· Issue 3: Priority based TN/NTN cell reselection.
2 Discussion

2.1 Issue 1: Provision of TN coverage information 
Followings are the candidate formats of the TN coverage information proposed in previous RAN2 meetings. 
	· Option 1. The cell center and cell radius of TN neighbour cells, or in other terms, the reference location and a distance threshold of TN neighbour cells

· Option 2. The boundary line between TN area and NTN area

· Option 3. For quasi-earth fixed cells, TN coverage is described by a distance range from the cell center and an angle range based on a reference direction

· Option 4. An indication could be included in system information to indicate NTN cell’s coverage overlaps with terrestrial TN cell’s coverage

· Option 5. NTN cell can be divided to several virtual areas based on certain criteria. The virtual areas and the corresponding TN frequency information are broadcast as assistance information to help UE perform more accurate TN measurements.

· Option 6. Introduce a parameter using the polygon shape captured in TS 23.032 to describe the coverage area of a TN neighbour cell


Based on the detail level, these candidate formats can be divided into two categories:
· Cat-1 is the detailed info
· Option 2,5,6 provide detailed TN coverage information and require a large amount of data.
· Cat-2 is the coarse info
· Option 1,3,4 provide coarse TN coverage information and require relatively small amount of data. 
According to the detailed level of the TN coverage information, the provision methods of such information by the network will also vary. There are two mainly considerations.
· Consideration 1: from signaling overhead perspective
The more detailed/accurate the TN coverage data is provided, the greater the signaling load. 
For detailed TN coverage info, if it is provided in broadcast way, NW has to transmit the large amount of data periodically, which is not good for the network resource utilization efficiency. Therefore, the detailed TN coverage info is suitable to be provided via UE dedicated transmission from NW to UE.  
· Consideration 2: from security and privacy perspective
TN coverage information reflects network deployment of operators. Exposure of such network deployment information will pose a certain threat to the network. The more detailed the information exposed, the greater the threat. Therefore, the more detailed information transmission requires the higher level of security protection.
In Uu interface, network can provide the security protection for the UE dedicated transmission. And ofr the detailed coverage information transmission,  it’s better to be provided via the UE dedicated transmission after AS security activation. 
Based on the above considerations, the provision methods for the two categories of TN coverage information can be summarized as follows:
·  For Cat-1 detailed TN coverage information, since it has a large amount of data and needs a more secure data transmission, it should be provided via UE dedicated transmission when UE is in CONNECTED state and after AS security activation. For UE dedicated transmission, NW can provide the information to UE via dedicated RRC or NAS signaling, or via the user plane data transmission (provided from server).
·  For Cat-2 coarse TN coverage information, the formats in option 1 and option 3 are similar as the configuration provided in current SIB for location-based measurement, and the format in option 4 just requires 1-bit indication to indicate whether there is overlapped TN coverage, the signaling overhead is relatively small and the content is not so critical. Therefore, NW can provide Cat-2 coarse TN coverage information via either broadcast or UE dedicated transmission. 
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Figure-1. Detailed TN coverage info provision via UE dedicated transmission

Proposal 1: For detailed TN coverage information (i.e. option 2,5,6), network provides it to UE via dedicated transmission after AS security activation. 

Proposal 2: For coarse TN coverage information (i.e. option 1,3,4), network provides it to UE via broadcast or dedicated transmission. 
2.2 Issue 2: UE operation on TN neighbor cell measurement
Figure-2 depicts the expected UE operation on TN neighbor cell measurement. 

· Case 1: UE performs the TN neighbor cell measurement when it’s in TN-cell coverage;
· Case 2: UE doesnot perform the TN neighbor cell measurement when it’s not in TN-cell coverage.
And for both cases, UE is camping on NTN serving cell in which the radio quality is good. 
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Figure-2. Expected UE operation on TN neighbor cell measurement 

According to current RRM measurement rule, if current serving cell’s radio quality is good enough, UE will not start the neighbor cell measurement except the frequency is configured with higher priority. For the neighbor frequency configured with higher priority, IDLE/INACTIVE UE will keep on the neighbor cell measurement on that frequency.  
Observation 1: According to existing neighbor cell measurement rule, UE will always perform measurement on TN neighbor frequency if it’s configured with higher priority, and doesnot perform measurement on TN neighbor frequency if it’s configured with equal to or lower priority.  

In order to support both cases (i.e. start and stop the measurement) on the same TN neighbor cell/frequency based on the different TN coverage situation, under the existing neighbor cell measurement framework, UE should be able to disable or change the frequency priority for TN neigbhor cell measurement. For example, UE sets the TN neighbor cell/frequency as higher priority in case 1 and sets TN neighbor cell/frequency as lower priority in case 2. 
Proposal 3: UE can change the frequency priority of TN neighbor cells based on whether the area has TN network coverage. 
Proposal 3a: UE sets TN frequency as higher priority when it identifies it’s in the area where there is  TN coverage.

Proposal 3b: UE sets TN frequency as lower priority when it identifies it’s in the area where there is  no TN coverage.

In addition to TN coverage information provided by network, we also need to consider some other methods to help UE identify the TN coverage situation. In this way, UE can still have good power consumption on the TN neighbor cell measurement if there is no TN coverage info provided by network or if the provided TN coverage info is too coarse. For example, UE may assume there is no TN coverage if it doesnot detect the RS on TN neighbor frequency for some time. 
Proposal 4: For UE power saving purpose, UE may assume there is no TN cell coverage if UE doesnot detect RS on TN neighbor frequency for some time. 
2.3 Issue 3: Priority based TN/NTN cell reselection
In the area with overlapped NTN and TN coverage, the UE could have the good radio quality in both NTN cell and TN cell. But due to the different characteristics of the NTN network and TN network, different cells may be deployed to provide different services. 

· NTN network can provide the transmission with longer delay, lower data rate and wider coverage than TN network;

· NTN network is more suitable for delay tolerant service, and TN network is suitable for the service with high data rate and low latency.

In addition, the UE in different mobility states may also impact which cell to select. For example, UE with high mobility state may better select the NTN cell in order to avoid frequent cell change.
Observation 2: For the overlapped TN and NTN network deployment, the UE with different services or different mobility states may better select the more suitable cell type (i.e. TN cell or NTN cell). 

According to the different characteristics of TN and NTN network, to improve the user experience, the UE should select the TN cell and NTN cell for cell camping or the RRC connection establishment based on the potential triggered service, mobility state or based on the operator’s planning. 

To achieve this purpose, in order to let NW to control the cell type selection, the priority between NTN and TN cell can be introduced for the cell type selection during the cell selection/reselection. And NW can provide the priority via either broadcast or UE dedicated signaling. 

Proposal 5: Introduce the cell reselection based on the priority of TN cell and NTN cell . 

Proposal 5.1: NW can provide the priority between TN cell and NTN cell via the UE dedicated signaling or broadcast signaling. 
Proposal 5.2: If both TN cell and NTN cell have good radio quality, UE selects the cell with higher priority to camp and establish the RRC connection. 

Proposal 5.3: The priority between TN and NTN can be configured per slicing, per service type, per mobility state, or per UE type. 
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Figure-3. Example of the TN/NTN priority-based TN/NTN cell reselection

3 Conclusion
According to the analysis in section 2, we propose that:
<Provision of TN coverage information>
Proposal 1: For detailed TN coverage information (i.e. option 2,5,6), network provides it to UE via dedicated transmission after AS security activation. 

Proposal 2: For coarse TN coverage information (i.e. option 1,3,4), network provides it to UE via broadcast or dedicated transmission. 

<UE operation on TN neighbor cell measurement>
Proposal 3: UE can change the frequency priority of TN neighbor cells based on whether the area has TN network coverage. 
Proposal 3a: UE sets TN frequency as higher priority when it identifies it’s in the area where there is  TN coverage.

Proposal 3b: UE sets TN frequency as lower priority when it identifies it’s in the area where there is  no TN coverage.

Proposal 4: For UE power saving purpose, UE may assume there is no TN cell coverage if UE doesnot detect RS on TN neighbor frequency for some time. 
<Priority based TN and NTN cell reselection>
Proposal 5: Introduce the cell reselection based on the priority of TN cell and NTN cell . 

Proposal 5.1: NW can provide the priority between TN cell and NTN cell via the UE dedicated signaling or broadcast signaling. 
Proposal 5.2: If both TN cell and NTN cell have good radio quality, UE selects the cell with higher priority to camp and establish the RRC connection. 

Proposal 5.3: The priority between TN and NTN can be configured per slicing, per service type, per mobility state, or per UE type. 

