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An important tracking area (TA) issue identified in TR 38.821 [1] is the “moving tracking area” issue caused by the LEO satellite with non-steerable beams (scenario C2 and D2 in TR 38.821). Moving tracking area means that the tracking area sweeps over the ground as the cells move. In the moving tracking area scenario, even a stationary UE would have to keep performing tracking area update (TAU) in RRC_IDLE state, which would result in significant TAU signaling overheads and unnecessary UE power consumption. To address this issue, the “fixed tracking area” concept is proposed and has been captured in TR 38.821 (section 7.3.1.3), in which the tracking area code (TAC) is fixed on ground regardless of which cell/satellite is sweeping on the ground. There are different approaches to realize the fixed tracking area concept, some of them are discussed in this paper with the pros and cons analysis provided. At the end of the paper, two proposals are proposed for RAN2 to take a decision.
[bookmark: _Ref178064866]Discussion
In this paper we discuss several approaches that can be used to realize the fixed tracking area concept in NTN. From RAN2 perspective, what is more important is how does the UE determine the TA it is currently located at in these approaches. Therefore, we organize the discussion in a way that these approaches are categorized into two groups: 1) the current TA is determined based on the broadcasted radio coverage, and 2) the current TA is determined based on UE’s location. The first group does not rely on UE location information but relies on the cell radio coverage determined by MIB/SIBs and TA of the cell is signaled by gNB. The second group does rely on UE location information. We identified three approaches within the second group and these are discussed in section 2.2. 
UE determines the current TA based on the broadcasted radio coverage
In this group, gNB has to change its broadcasted TAC value at certain timing while passing through the boundary of multiple TAs because the tracking area sweeps over the ground as the cells move. On the paging, the legacy framework on both the core network side and the RAN side can be reused. The TA management and maintenance work only involves the core network and is totally transparent to UE. This means the TA coverage and/or the TA density can be adjusted by the core network in a more flexible way as UE is not required to be informed about such adjustment.
Regarding the TAC switching mechanism, two possibilities have been mentioned in TR 38.821: 1) the hard-switch mechanism and 2) the soft-switch mechanism. 
In the hard-switch mechanism, only one TAC per PLMN ID is broadcasted (same as the current specification). When gNB switches its TAC, a stationary UE may need to perform TAU because of the different TAs at different timings. As such TAU results in further ping-pong TAU, which increases the overall signaling overhead and consumes UE’s power, some RAN enhancement is needed. On the other hand, in the soft-switch mechanism, more than one TACs per PLMN are broadcasted and it avoids the unnecessary TAU at the cost of more signaling overheads. Some enhancement to the soft-switch mechanism might be needed to reduce the increased signaling overheads caused by gNB broadcasting more than one TACs, and also caused by gNB paging all UEs registered to those broadcasted TACs. Moreover, in both mechanisms, we may need to discuss whether the TAC switching will trigger SI update procedure, as it could have impact to UE’s power consumption.
Instead of relying on the TAC value broadcasted by gNB for UE to determine whether it has left the registered TA or not, the cell ID broadcasted by gNB can be used, and this may require a similar method like the RRC_INACTIVE operation where a list of cell IDs can configured to the UE as the registration area for the UE. Since now the cells are moving, the TA may need to be configured in a way that it contains multiple lists of cells, in which each list is associated with a time period. UE will pick a list based on the current timing and consider the cells within the list forming the TA of the UE. As the TA is sliding on the earth surface, the same issue as in the hard-switch mechanism may still exist: a stationary UE may need to perform TAU, depending on how overlapping the cells are. Compared to broadcasted TAC value for TA registration judgement, to use broadcasted cell ID may have more impact to the NAS signaling as it impacts the way how the TA is configured.
UE determines the current TA based on UE’s location
In this group, mapping between the geographical locations and registered TA needs to be kept on the UE side, and hence UE can determine whether it has left the registered TA based on its current location. If TAC is still used to represent registered TA, the mapping information between geographical location and TAC can be pre-installed to the UE in the UE SIM or can be signaled to UE once UE is powered on and connected to the network. Both UE and AMF need to have the same understanding on the exact coverage (i.e., the size, the shape, and the location) of the TA that is assigned to UE. We identified three approaches and table 1 below summarizes the difference with the pros and cons analysis provided for each approach.
Table 1. The comparison of different approaches for location based TA determination.
	
	Definition of the TA
	Prerequisite for the UE
	Analysis

	Approach#1
	TA corresponds to a geographical area on earth. The geographical areas can be in any shape/size independent from cell shape/size.
	The mapping between the geographical locations and TAC values needs to be availabe at UE side
	Pros: Legacy registration request/accept messages can be reused
Cons: The mapping information could be huge, and might need to be updated once there is a need to add, delete or modify a TA.

	Approach#2
	TA corrsponds to a list of virtual cells fixed on the Earth all the time.  (Virtual cells: the fixed and identical cells with well-defined geographic boundaries. Please refer to TR 23.737 [2] for more details on the virtual cell)
	The mapping between the geographical locations and virtual cell ID needs to be availabe at UE side
	Pros: the mapping information needs not to be updated even if there is a need to add/delete/modify a TA
Cons: Might have specificaiton impact to the registration request/accept message

	Approach #3
	TA corrsponds to a list of moving cells freezing at a certain time instant.
The moving cells are determined by the location.
	The cell coverage area and movement information [3] of each moving cell needs to be available at UE side
(this allows cell selection/reselection without measuring radio signal strength)
	Pros: reuse signaling for the cell movement information for cell (re)selection.
Cons: Might have specificaiton impact to the registration request/accept message



Overall speaking, the approaches in this category fully utilize the assumption that all UEs are equipped with GNSS in Rel-17, and hence determining which TA the UE is located at is not affected by the broadcasted radio coverage of RF signaling. However, some of alternatives could have more impact to the core network and NAS layer (and also more impact to UE implantation). In all alternatives, more intensive collaboration between RAN2 and other WGs seems necessary, which would take more time to be completed.
The way forward
By looking at all the pros and cons for each approach, if the legacy SIB1 signaling is kept and TA is determined based on the broadcasted radio coverage, it would have the least impact to the current UE behavior as well as to the NAS signaling (in some approaches it even has no impact at all). Therefore, it has the advantage in terms of the likelihood that the fixed tracking area design can be completed in time, given the time constraint we are facing for Rel-17 completion. In addition, TA is determined based on the broadcasted radio coverage has the merit to support the future possible UE not capable of GNSS. Therefore, having the TAC broadcasted in SIB1 should be considered as the baseline and any enhanced TA determination method based on UE’s GNSS capability can be built on top the baseline if time allows. This also aligns with the views from most of the companies in the offline discussion “[POST111e][910][NTN] Impacts of earth fixed and moving beams” [4]. In case that any enhanced TA determination method is built, the rule of hierarchy can be defined. For example, UE can first determine the current TA based on the enhanced method; then if UE’s location information becomes unreliable or if the geolocation mapping information is not available for some reasons, UE can still determine the current TA based on the TAC value broadcasted in SIB1.
Proposal 1: TAC is broadcasted in SIB1 and TA is determined based on the broadcasted radio coverage. Other TAC/TAI determination methods based on UE’s location information is FFS.
In the same email discussion, since more companies prefer the “soft TAI update” scheme (i.e., more than one TACs can be broadcasted in SIB1) over the “hard TAI update” scheme (i.e., only one TAC is broadcasted in SIB1), the rapporteur wrapped up with the proposal “RAN2 to prioritize discussing soft TAI update”. In our view, the hard TAI update scheme is simply a subset of the soft TAI update scheme, and hence allowing soft TAI update doesn’t mean the hard TAI update is precluded. Eventually, it is up to network’s decision to use which scheme based on the overall consideration among the paging overheads, TAU overheads, and UE’s power consumption.
The frequent TAU caused by the hard TAI update scheme can be alleviated if gNB doesn’t trigger the SI update even when the broadcasted TAC value changes, or if the UE located at the TA boundary is registered to multiple TAs. The soft TAI update scheme can also benefit from allowing gNB to not trigger the SI update when the list of broadcast TACs changed, since it is not necessary for the UE staying in the same cell to know whether a new TAC is added or an existing TAC is deleted from the TAC list due to the satellite movement. UE will have to check the TAC list only when it just enters into a new cell.
Proposal 2: SI update procedure is not triggered when the TAC(s) broadcasted in SIB1 has been changed due to the satellite movement.

Conclusion
In this paper, several approaches for realizing the fixed tracking area concept in NTN are discussed with the pros and cons analysis provided. By examining the pros and cons thoughtfully, we respectfully ask RAN2 to discuss and consider the following proposals. 
Proposal 1: TAC is broadcasted in SIB1 and TA is determined based on the broadcasted radio coverage. Other TAC/TAI determination methods based on UE’s location information is FFS.
Proposal 2: SI update procedure is not triggered when the TAC(s) broadcasted in SIB1 has been changed due to the satellite movement.
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