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Introduction

Discussion on measurements to assist service continuity and mobility between NTN coverage and TN coverage has been kicked via e-mail discussion [106#72] [NR/NTN] TP on NTN-TN Service continuity [1]. In this contribution, we share some further consideration about the following two issues related to the measurements in NTN-TN service continuity:

Activation/deactivation of measurements on TN cells
PCI confusion between TN and NTN cells
Discussion
2.1 Activation/deactivation of measurements on TN cells
During the e-mail discussion, the following two options have been proposed by various companies:
Option a) The TN measurements be completely de-activated when the UE is being served by an NTN cell.

Option b) It is enough to have a configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell.

For option a), the de-activation of the TN measurements is relatively easy to achieve based on the detection of the edge of the TN coverage. However, (re)activation of the of the TN measurements is not possible based only on UE measurements (excluding location information) and must rely on signaling from the serving NTN network. To (re) activate TN measurements appropriately, the TN and NTN network has to coordinate with each other.

Observation 1: (Re) activation of the TN measurements must rely on signaling from the serving NTN network. Coordination between TN and NTN network is required to activate TN measurements appropriately.

While for option b), NTN RAN and TN RAN have to coordinate with each other so that a NTN cell can provide the measurement configuration of neighboring TN cells to UE, which is not always possible especially when the service of TN and NTN cells are provided by operators from different countries.

Observation 2: Coordination between TN and NTN network is required for NTN cell to configure TN measurements appropriately.

Based on the above consideration on the option a) and b), we come up with another option:

Option c) Enable UE to perform autonomous search for TN cells and send proximity indication to indicate that the UE is entering or leaving the proximity of one or more TN cells.

The autonomous search and proximity indication mechanism has been specified in LTE to search for CSG cells. The UE autonomous search function, per UE implementation, determines when and/or where to search for allowed CSG cells. UE shall use an autonomous search function to detect at least previously visited CSG member cells on serving and non-serving frequencies, including inter-RAT frequencies to find an allowed CSG cell. If an allowed CSG cell has been found by autonomous search function, UE in RRC_IDLE can then decide to re-select to such a cell. For UE in RRC_CONNECTED, a proximity indication can be sent to NW when UE is entering or leaving the proximity of one or more CSG member cells.
Similarly, an indication can be sent from the camped NTN cell to UE to enable autonomous search for TN cells. UE will then decide when and/or where to search for a TN cell by implementation. For example, UE can perform measurements on the visited TN cells or frequencies to see if there is any TN cell nearby. If one or more TN cells are found by UE, UE in RRC_IDLE or RRC_INACTIVE can decide to re-select to a found TN cell while UE in RRC_CONNECTED can send a proximity indication to NW.
A comparison table among option a), b) and c) is given below to show the pros and cons clearly:

Table 1: Comparison among option a), b) and c)
	
	Pros
	Cons

	Option a)

The TN measurements be completely de-activated when the UE is being served by an NTN cell.
	Power saving for UE
	(Re) activation of the TN measurements must rely on signaling from the serving NTN network.

Coordination between TN and NTN network is required to activate TN measurements appropriately.

	Option b)

Have a configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell.
	Less spec impact
	Coordination between TN and NTN network is required to configure TN measurements appropriately.

	Option c)

Enable UE to perform autonomous search for TN cells and send proximity indication to indicate that the UE is entering or leaving the proximity of one or more TN cells.
	No coordination between TN and NTN network is required.
Power saving for UE.
	More spec impact compared to option b) but the same mechanism has been specified in LTE so it will be much easier to introduce this mechanism in NTN.


As shown in the table above, for option c), there is no need for the NTN cell to provide any measurement configuration for neighbor TN cells to UE. UE will try to find one or more TN cells autonomously and wisely, which can both reduce the workload in network side and save power in UE side.

Observation 3: UE performing autonomous search for TN cells when camping on a NTN cell can reduce the workload in network side and save power in UE side.
Thus, we have the following proposal:

Proposal 1: An indication is provided from the camped NTN cell to UE to enable autonomous search function. UE will then perform autonomous search for TN cells. 

Proposal 2: For UE in RRC_CONNECTED, a proximity indication can be sent to the network to indicate that the UE is entering or leaving the proximity of one or more TN cells which are detected based on autonomous search function.

2.2 PCI confusion between TN and NTN cells
In NR, the measurement report for a certain cell is linked to its PCI. Due to limited size of PCI, it is possible that two different cells with different measurement results are reported with the same PCI making it difficult to distinguish between them. The situation is called as PCI confusion. To resolve it, the report CGI will then be configured to inquire the CGI to identify each cell. The PCI confusion resolution procedure in NR is shown in Figure 1.
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Figure 1. PCI confusion resolution procedure in NR
The PCI confusion happens in NR and that is why report CGI is introduced to solve it. While for NTN, RAN3 has concluded that no new PCIs will be introduced specially for NTN network, which means the same PCI will be used in both NTN and TN networks, causing PCI confusion between a TN cell and a NTN cell. 
In addition, due the large size of NTN cell, the PCI confusion will also happen between two neighbor TN cells when UE is served by a NTN cell. For example, a serving NTN cell plan to handover UE to a TN cell while the reported measurement results for two neighbor TN cells are linked to the same PCI, making it difficult for the serving NTN cell to differentiate between them. 

If we follow NR solution by configuring report CGI after network detects PCI confusion, it takes about 12.88ms to 541.14ms to solve the PCI confusion if we take the long propagation delay in NTN into account, which will definitely impact the handover decision in the network side.

Observation 5: If the report CGI mechanism is applied, it takes about 12.88ms to 541.14ms to solve the PCI confusion between TN and NTN cells, which will definitely impact the handover decision in the network side.
Thus, we propose to indicate that CGI is always required for the measurement result in the RRCReconfiguration message. The 4-step procedure will then be reduced to a 2-step procedure as shown in Figure 2. 
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Figure 2. CGI report in NTN
Proposal 3: CGI is always required for the measurement result to avoid PCI confusion.
Proposal 4: Agree the text proposal.
Conclusion and proposals
With the above analysis, the following observations and proposals are given.

Observation 1: (Re) activation of the TN measurements must rely on signaling from the serving NTN network. Coordination between TN and NTN network is required to activate TN measurements appropriately.

Observation 2: Coordination between TN and NTN network is required for NTN cell to configure TN measurements appropriately.

Observation 3: UE performing autonomous search for TN cells when camping on a NTN cell can reduce the workload in network side and save power in UE side.
Proposal 1: An indication is provided from the camped NTN cell to UE to enable autonomous search function. UE will then perform autonomous search for TN cells. 

Proposal 2: For UE in RRC_CONNECTED, a proximity indication can be sent to the network to indicate that the UE is entering or leaving the proximity of one or more TN cells which are detected based on autonomous search function.

Observation 4: If the report CGI mechanism is applied, it takes about 12.88ms to 541.14ms to solve the PCI confusion between TN and NTN cells, which will definitely impact the handover decision in the network side.
Proposal 3: CGI is always required for the measurement result to avoid PCI confusion.
Proposal 4: Agree the text proposal.
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-----------------------------------------------------------------start of TP----------------------------------------------------------------

5.4.1 
Scope

The focus of the NTN-TN service continuity and mobility studies should be on mechanisms to minimize specification impact for cases where UE’s connectivity changes from the NTN to TN (‘hand-in’) and where UE’s connectivity changes from the TN to NTN (‘hand-out’). Coverage mechanisms, including inter-frequency and intra-frequency service continuity and mobility mechanisms are to be considered as baseline solutions. The NR Release 15-16 service continuity and mobility mechanisms shall be considered also for the NTN-TN service continuity and mobility studies.

5.4.2 
Reference scenario 

It is recommended to use a reference scenario for NTN-TN service continuity and mobility studies, defined as follows:
A multi-cell TN network-border coverage is available according to an outdoor rural NR scenario (e.g. Table 6.1.3-1 in TR38.913)

One NTN LEO satellite provides multi-cell coverage with moving cells on Earth (the satellite NR cells are modelled according to NTN assumptions, Table 6.1.1-1 & 4 in TR38.821 v0.7.0)

Outdoor handheld (pedestrian) UEs or VSAT (vehicular relay) UEs are capable of TN and NTN connectivity (for NTN UE use Table 6.1.1-3 in TR38.821 v0.7.0)

5.4.3 
Assumptions 

The baseline solutions for NTN-TN service continuity and mobility shall rely only on the detection of TN coverage edge using RSRP/RSRQ threshold and/or PLMN indication. Furthermore, a UE configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell shall be assumed as baseline. An indication can be provided from the serving NTN cell to UE to enable autonomous search function. UE will then perform autonomous search for TN coverage. If one or more TN cells are found by UE, UE in RRC_IDLE or RRC_INACTIVE may decide to re-select to a found TN cell. For UE in RRC_CONNECTED, a proximity indication can be sent to the network to indicate that the UE is entering or leaving the proximity of one or more TN cells which are detected based on autonomous search function.
Further enhancements including the use of any combination of RSRP/RSRQ threshold, PLMN indication, UE location, distance to cell center, are not precluded.
The NTN-TN service continuity and mobility mechanisms targeted to minimizing UE power consumption, e.g. DRX enhancement solutions are only a secondary priority.  

The study of dual-connectivity mechanisms between NTN and TN, in the baseline NTN-TN service continuity and mobility solutions is a secondary priority. 
Potential PCI confusion between NTN and TN cells or two neighbor TN cells when UE is served by a NTN cell can be addressed by indicating to UE via RRCReconfiguration message that CGI is always required for the measurement result.
-----------------------------------------------------------------end of TP----------------------------------------------------------------
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