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1	Introduction
The work item for NR NTN enhancements in Rel-18 [1] emphasizes NTN-TN and NTN-NTN mobility and service continuity as an important area for improvements. For cell reselection enhancements, the following aspects are considered:
· “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.”
· “Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized).”
In this paper, we address the two aspects above.
[bookmark: _Ref178064866]2	Discussion
2.1	Frequency information for TN coverage areas
During RAN2#122, the discussion on how to associate frequency information with TN coverage areas continued both online and offline [2]. The following options were considered:
· Option 1: Frequency information (i.e. a list of TN frequencies) for each TN coverage area is indicated directly under each TN coverage area configuration.
· Option 2: A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.
· Option 3: Frequency index bitmap is indicated under each TN coverage area, where the frequency index refers to the frequency’s position in the frequency list of the current SIB4.

The lack of a clear majority and the proposal of new combinations led to the following agreement:
· We no longer consider option 3 alone for signalling the frequency information for TN coverage area (in case option 3 should be combined with option 1). Come back in the next meeting to decide between option 2 (plus possible fixes if needed) and option 1+3.


2.1.1	TN coverage area broadcast limitations
In quasi-Earth fixed cells, it can be assumed that network only needs to broadcast TN coverage areas (delimited with a reference location and a radius) which are situated within the coverage of the NTN cell. In Earth-moving cells, the NTN coverage sweeps through Earth’s surface at a certain speed and the TN coverage area changes at a non-negligible rate, i.e., network may need to update the TN coverage area neighbour information a few times between feeder link switches.

[bookmark: _Toc142639019]In Earth-moving cells, TN coverage area information needs to be updated following the movement of the NTN cell.

Therefore, for the sake of signalling reduction, it is beneficial that the network includes not only the TN coverage areas which are situated within the current NTN coverage area (like in quasi-Earth fixed cells), but also those that lie outside the NTN coverage but ahead in the trajectory of the cell. For example, in Figure 1, the coverage of the NTN cell currently (t0) only contains TN Area A. Given the NTN cell direction and velocity, its coverage will shortly contain TN Area B as well (t1). Hence, the network may at t0 broadcast TN coverage area neighbour information to avoid updating SI in a frequent manner.

[bookmark: _Toc142639022]For Earth-moving cells, network may broadcast TN coverage area information that lies outside the current coverage area of the NTN serving cell.
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Figure 1. Variation of TN coverage areas in NTN Earth-moving cells.


2.1.2	Broadcast of associated TN frequencies
During the offline discussion [2], a company raised the question whether frequencies associated to TN coverage areas are limited to the neighbour cell frequencies broadcast in SIB3 (intra-frequency), SIB4 (inter-frequency) or SIB5 (inter-RAT). In other words, if network can broadcast additional frequencies, i.e., not present in SIB3/4/5, for specific TN coverage areas. The open issue was captured as follows: “FFS how to efficiently signal the frequencies not included in SIB4 or SIB5” [3]. 
According to TS 38.304, UEs leverage the information broadcast in SIB3/4/5 to carry out and optimize neighbour cell measurements. Depending on the assigned priority, the UE may be mandated to perform measurements under certain conditions. The objective of this new feature is to assist UEs in relaxing TN cell measurements whenever they are not relevant. Therefore, the presence of additional frequencies may be informative but not useful. In this way, network shall only provide TN coverage areas for frequencies present in SIB3/4/5 which UEs may be required to measure.

[bookmark: _Toc142639023]TN coverage areas are associated only with frequencies present in SIB3/4/5.

2.1.3	Triggers to acquire TN coverage information in SIB
The coverage area of terrestrial networks does not change often, so TN coverage information broadcast in System Information can be considered rather stable. In addition, it has been assumed that the description of TN coverage areas, represented as circles, does not need to be precisely accurate. In RAN2#121bis-e, the validity of TN coverage information was discussed, reaching the following agreement “the acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info” along with the following working assumption “we do not introduce new triggers making the UE reacquire the TN coverage information from SI”.

[bookmark: _Toc142639020]The description of TN coverage can be considered rather stable.

As described in section 2.1.1, an NTN Earth moving cell will experience a continuous change of TN neighbours following the satellite’s movement. This effect would not happen in Earth fixed cells. In this context, during RAN2#121-e, a company brough up the case of what would happen to a static UE. In this scenario, the UE would receive continuous paging (System Information change) indications to signal the update of TN coverage information, e.g., new TN neighbour cells being added or deleted. However, being the UE rather static compared to the NTN cell, the UE would make very little use of the updated information when it already knows the TN coverage situation around its area. Given that this is an optional UE feature to optimize measurements, there is little benefit to inform the UE of TN coverage information updates.

[bookmark: _Toc142639024]Changes in TN coverage information should neither result in system information change notifications nor in a modification of valueTag in SIB1.
[bookmark: _Toc142639025]Confirm the working assumption: “we do not introduce new triggers making the UE reacquire the TN coverage information from SI”.


2.1.4	Frequency information format
The following table includes a summary of the advantages and disadvantages of each option considered during the offline discussion [2]. Both options are comparable and RAN2 needs to decide whether it favours configuration flexibility or transmission efficiency. Given the general objective in Release 18 NTN to reduce unnecessary overhead, we consider that the latter, transmission efficiency, should be the main criteria to weigh the options. In this perspective, option 2 is the most effective alternative.

[bookmark: _Toc142639026]Adopt option 2. TN Coverage area is associated with a TN coverage ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.

	Option
	Advantage
	Disadvatange

	1+3
	Configuration flexibility
Simplicity
	Higher overhead
Duplicated information (frequency is already present in SIB4/5)

	2
	Less overhead
	Information spread in multiple SIBs


Table 1. Comparison of the options to associate frequency information with TN coverage area.

2.2	Measurement initiation in feeder link soft switch scenario
In RAN2#122, the following relevant agreements were made:
· Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.
· Re-use t-Service-r17 format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. FFS whether we reuse exactly the same IE name as in R17 (updating the field description) or a new one.

For the sake of signalling efficiency and given the synergies between the time-based idle/inactive measurement starting mechanisms for the quasi-Earth fixed cell and Earth moving cell scenarios, the field parameter t-Service-r17 can be re-used to indicate cell replacement due to feeder link soft switch. Re-using the same field parameter is beneficial and backwards compatible with Release 17 NTN UEs.

[bookmark: _Toc142639027]Use t-Service-r17 IE and update the field description to trigger UE neighbour cell measurements prior to cell replacement due to feeder link soft switch.


2.3	Measurement initiation in hard link switch
In RAN2#122, the following was agreed regarding hard service link switch in unchanged PCI scenario:
· In hard switch unchanged PCI scenario (i.e. no handover), the UE needs to know the time the UE attempts to re-synchronize. (FFS whether a new "t-Start" / a t-gap is needed or whether t-Service can be reused (i.e. no other IE) if the gap is very short/zero).

In our view, this agreement also applies to the general hard switch case (with changed PCI). In the regular cell switch scenario, whenever there is a hard switch, the UE should be aware of this type of switch so as to effectively know when it should attempt to start neighbour cell measurements. The present specification TS 38.304 mandates the UE to start neighbour cell measurements before the NTN serving cell t-service expiration. However, in the hard switch case, the target (new) cell will not available before t-service expires. This may lead to unnecessary energy consumption or a re-selection to a suboptimal neighbour cell.

[bookmark: _Toc142639028]In case of NTN cell hard switch (either changing or keeping the PCI), UE need not to start neighbour cell measurements of the new cell before t-service expires.

The way network informs the UE can be implemented in different ways, some of which have been discussed in [4]. For instance, the serving gNB could explicitly inform a time (e.g., t-gap) to the UE by which the UE knows when to re-synchronize to the target cell, another option is that the serving gNB informs the UE whether the switch is a soft or hard switch, if it is a hard switch the UE implicitly knows that it shall attempt to re-synchronize to the target cell after t-Service. The selected option should be aligned with the one chosen for the unchanged PCI scenario.

[bookmark: _Toc142639029]The network informs (either implicitly or explicitly) the UE whether the next NTN cell switch is a soft or a hard switch.

2.4	Earth moving cells stage 3 details
During RAN2#121bis-e, after an offline email discussion [5], the following agreement was taken:
· For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.

The agreement originally stems from an offline discussion in RAN2#121 [6] in which it was asked whether the parameter referenceLocation-r17 in SIB19 could be re-used to indicate the serving cell reference location for moving cell. Companies agreed that this parameter cannot be re-used and a new one should be introduced due to, among some other reasons, backwards compatibility issues.
In our understanding, it is a new parameter what needs to be introduced not a new IE. Even though there was not a formal agreement on the specific format of this new parameter, we think the ReferenceLocation IE which takes the value of the field Ellipsoid-Point should be used to indicate the serving cell reference location for Earth-moving cells. However, a company raised this issue of the formal agreement in the last running RRC CR offline email discussion [7] and the format of the parameter was left FFS.

[bookmark: _Toc142639030]Use ReferenceLocation IE for the parameter in SIB19 (movingReferenceLocation-r18) used to indicate the serving cell reference location for Earth-moving cells.


3	Conclusions
In the previous sections we made the following observations: 
Observation 1	In Earth-moving cells, TN coverage area information needs to be updated following the movement of the NTN cell.
Observation 2	The description of TN coverage can be considered rather stable.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For Earth-moving cells, network may broadcast TN coverage area information that lies outside the current coverage area of the NTN serving cell.
Proposal 2	TN coverage areas are associated only with frequencies present in SIB3/4/5.
Proposal 3	Changes in TN coverage information should neither result in system information change notifications nor in a modification of valueTag in SIB1.
Proposal 4	Confirm the working assumption: “we do not introduce new triggers making the UE reacquire the TN coverage information from SI”.
Proposal 5	Adopt option 2. TN Coverage area is associated with a TN coverage ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.
Proposal 6	Use t-Service-r17 IE and update the field description to trigger UE neighbour cell measurements prior to cell replacement due to feeder link soft switch.
Proposal 7	In case of NTN cell hard switch (either changing or keeping the PCI), UE need not to start neighbour cell measurements of the new cell before t-service expires.
Proposal 8	The network informs (either implicitly or explicitly) the UE whether the next NTN cell switch is a soft or a hard switch.
Proposal 9	Use ReferenceLocation IE for the parameter in SIB19 (movingReferenceLocation-r18) used to indicate the serving cell reference location for Earth-moving cells.
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