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1 Introduction- Impact of Beams
RAN2 has discussed the impacts of beams in [1]. Furthermore, the agenda for the RAN2-1143bis-e has identified TAC update aspects as part of the Agenda Item 8.10.3.1. Samsung has previously contributed in the area of TAC management and neighbor cell search among other topics in [2], [3], and [4].  The topic of TAC management was partially discussed in RAN2#113e meeting in January 2021 and RAN2#113bis-e meeting in April 2021.  One candidate approach for Tracking Area (TA) management, virtual tracking area (VTA) based TAC management, previously described in [2], [3], and [4], is explained here in more details. This VTA approach is compared with hard TAC update and soft TAC update approaches. In particular, this contribution shows that the VTA approach can be used for all types of beams: Earth-fixed beams (e.g., for GNSS satellites), quasi-Earth-fixed beams (e.g., for non-GNSS satellites), and Earth-moving beams (e.g., for non-GNSS satellites). The soft TAC update approach that is currently preferred by the majority of companies has significant shortcomings, especially for Earth-moving beams. We suggest that RAN2 evaluate alternatives to the soft TAC update approach such as the VTA approach to mitigate risks with NTN deployments by providing more flexibility to the network to manage TAs. 
2 Discussion
We would like to offer some observations and related proposals related to the TAC management. 
2.1 Tracking Area Management
RAN2 has decided to support Earth-fixed Tracking Areas (TAs) to simplify the TA management in an NTN, even when the beams are not Earth-fixed all the time. In particular, when beams are quasi-Earth-fixed or Earth-moving, the relationship between (i) the beam (and hence the cell associated with such beam) and (ii) the geographic area that the beam is illuminating keeps changing as a function of time. When beams are quasi-Earth-fixed, they illuminate a given geographic area on Earth during one period and then illuminate a different geographic area on Earth during a different period. Such quasi-Earth-fixed beams are created by the platform (e.g., a LEO satellite) using steerable beams.  In case of Earth-moving beams, the beams keep illuminating a different geographic area from one instant to the next. 

There are different approaches to ensure that the TA is fixed on Earth for a given (stationary) UE to facilitate paging. Two approaches have been discussed during the normative phase of the NTN- hard TAC update and soft TAC update. In the basic hard TAC update that simply follows the legacy R16 approach, the gNB broadcasts a single TAC/TAI in a cell. Since an NTN cell may illuminate multiple TACs, the hard TAC approach requires the gNB to pick one TACs that it is illuminating. In particular, in case of moving cells, such hard TAC approach will result in (even stationary) UEs doing TAC updates, leading to a Tsunami of RRC and NAS signaling unless elaborate mechanisms are developed.  

In the soft TAC update approach, an NTN cell broadcasts multiple TAIs as a function of time. For example, an NTN cell broadcasts one set of TAIs covering the geographic area being illuminated by the cell’s beam(s) at the instant t1 and a different set of TAIs covering the geographic area being illuminated by the cell’s beam(s) at the instant t2.

Here are the challenges of the soft TAC update approach.

A. gNB Complexity. TAs on Earth have irregular geographic areas. The gNB would need to dynamically update its list of TACs/TAIs in case of quasi-Earth-fixed beams and Earth-moving beams to reflect the geographic area its beams/cells are illuminating. In particular, the gNB would need to change TAIs in System Information (e.g., in SIB1) frequently and in an aperiodic manner in case of Earth-moving beams. This will significantly increase the gNB processing compared to R16. Depending upon the actual shapes of Earth-fixed TAs and the satellite movement, the time between two instants requiring an update in SIB1 due to a different set of TAIs can often be within the SIB1 window of 160 ms. Hence, determination of a good set of TAIc/TACs to be broadcast becomes complex. The gNBs would need to make sure that no “TAI/TAC coverage hole” is created when different cells are illuminating different Earth-fixed TACs/TAIs at different instants. Extensive planning and beam coverage analysis would need to be carried out, and a comprehensive database would need to be provided to and processed by the gNB to properly determine the TACs/TAIs to be broadcast in a SIB1. The processing of the database at the gNB would need to be done almost continuously because of the dynamic nature of beams and satellite movements, especially for Earth-moving beams. The gNB would also need to determine what TACs/TAIs to report to the AMF dynamically (which is static in R16). 
B. UE Complexity. In R16, the UE compares a single TAC/TAI from SIB1 with its TAI List (=Registration Area). However, in the soft TAC/TAI approach, the UE would need to keep checking SIB1 every 160 ms and compare multiple TACs/TAIs with its TAI List. This will increase the UE processing.   
C. SIB1 Overhead and Reliability. The inclusion of multiple TACs/TAIs increases the size of SIB1 message. Furthermore, when the number of TACs/TAIs the gNB is high, the amount of redundancy would decrease, because the SIB1 window is fixed at 160 ms. Hence, the reliability of SIB1 may be affected adversely compared to the case where a single TAC/TAI is included. In an NTN, due to the more challenging radio channel, a high degree of redundancy is preferred.  

D. Paging Cost. When soft TAC update approach is used, the gNB would need to report multiple TACs for a given UE in NGAP signaling, which would likely force the AMF to register the UE in more TACs that necessary, increasing the paging cost. The VTA approach has a single non-changing TAC being reported by the gNB to the AMF.
Due to the implementation complexity of the soft TAC update approach, we think RAN2 should consider alternatives to the soft TAC update approach to mitigate risks of NTN deployments, especially for Earth-moving beams. 
To facilitate implementation of an Earth-fixed Tracking Area and to avoid complex TA management, we suggested the concept of a Virtual Tracking Area (VTA) in [2],[3], and [4]. A VTA corresponds to an Earth-fixed Tracking Area. In the VTA approach, the gNB transmits a single TAI in a cell like R16, which never changes just like in a TN cell in R16. The UE and the AMF are aware of the mapping between the VTA and TAIs in different time windows. This table can be provisioned in the UE. The OAM (Operations, Administration, and Maintenance) can provide such table to the AMF. Predictable platform movements (e.g., LEO satellites) can be used to easily determine such mapping. The AMF registers the UE in a Virtual Registration Area (VRA) that consists of VTAs. The VRA is equivalent to the R16 TAI List. The UE compares the TAI broadcast in SIB1 with the set of TAIs associated with the VRA at the current instant. In support of the mobility-based registration update, the UE does not send a Registration Request as long as the TAI in SIB1 is in the VRA.
Figure 1 shows a simplified example to illustrate the concept of fixed-earth VTAs and moving TAs. 

[image: image1.png]VTAL  VIAZ  VTA3 VTAL  VTAZ  VTA3 VTAL  VTAZ  VTA3

VTA: Fixed geographic area on earth




Figure 1. Concept of Virtual Tracking Areas (VTAs)

A satellite beam is associated with a moving NTN cell and hence a moving TA. The satellite beams and TAs are moving from right to left in Figure I. In the example shown below, each NTN cell transmits a single TA just like an R16 Terrestrial Network (TN). 

At time t1, VTA1 is served by TAI=X, VTA2 is served by TAI=Y, and VTA3 is served by TAI=Z. At time t2, TAI=X has completely moved out of VTA1. VTA1 is now served by TAI=Y, VTA2 is served by TAI=Z, and VTA3 is served by TAI=A.  Hence, in the time window from t1 to t2, VTA1 is served by one of the two TAs, TAI=X and TAI=Y. A given location in a VTA is served by at least one of the TAs in the TA set associated with the VTA. For example, at time tN, which is inside the time window from time t1 to time t2, an NTN UE in the left half of VTA1 is in the coverage area of TAI=X, and an NTN UE in the right half of VTA1 is in the coverage area of TAI=Y. The AMF can create an RA that consists of TAI=X and TAI=Y, which would be valid during the time window t1 to t2. 

Table 1 shows an example of the mapping between VTA and TA, which is conveyed to both the UE and the AMF.

Table 1. Mapping between VTAs and TAs

	Time Window
	VTA #
	TA Set
	VTA #
	TA Set
	VTA #
	TA Set
	And so on…

	t1 to t2
	1
	X, Y
	2
	Y, Z
	3
	Z, A
	.

	t2 to t3
	1
	Y, Z
	2
	Z, A
	3
	A, B
	.

	t3 to t4
	1
	Z, A
	2
	A, B
	
	B, C
	.

	And, so on…
	.
	.
	.
	.
	.
	.
	.


Table 2 shows an example of VRA-VTA mapping.

Table 2. VRA-VTA Mapping
	VRA #
	VTA #

	VRA1
	VTA1 and VTA2

	VRA2
	VTA2 and VTA3

	VRA3
	VTA3 and VTA4


Consider a stationary UE in VTA1. Let’s assume that the AMF has registered the UE in VRA1 that consists of VTA1 and VTA2.  At time tN between t1 and t2, the UE in VTA1 would detect TAI=X or Y. Since the table above indicates that VRA1 (equivalently, VTA1 and VT2) includes TAI=X and TAI=Y (and TAI=Z) at time tN, the UE does not perform mobility registration update. Now, consider time tM between t2 and t3. VTA 1 is now served by TAI=Y or TAI=Z. Hence, when the UE in VTA1 obtains TAI from SIB1, it would detect TAI=Y or Z. Since VRA1 related TA Set includes TAI=Y and TAI=Z (and TAI=A) at time tM, the UE does not perform mobility registration update. Hence, the concept of VTA/VRA eliminates unnecessary mobility registration updates when TAs broadcast by the gNB are moving on the ground.

Since the UE already knows the current timestamp and its VTAs, it can easily compare the relevant TAIs with a single TAI broadcast by a cell. The UE needs to do such comparison only once per cell reselection.

Figure 2 shows a more practical example illustrating TAIs, irregular VTAs, and VRAs.
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Figure 2. A More Practical Example of TAI, Irregular VTAs, and VTA

Comparison of Three TAC Management Approaches
Table 3 compares the three approaches, the Hard TAC/TAI Approach, the Soft TAC/TAI Approach, and the VTA Approach.

Table 3. Comparison of TAC Management Approaches

	Topic
	Hard TAI Update
	Soft TAI Update
	VTA

	SIB Content and gNB Processing
	Reuse of R16: Only one TAI in SIB. 

The gNB needs to keep updating the TAI frequently and in an aperiodic manner since only 1 TAI is broadcast but different TAs are illuminated by quasi-Earth-fixed and Earth-moving beams. 

Furthermore, determination of the SIB content becomes complex because the same content needs to be used in the 160 ms time window but the gNB may illuminate different TAIs within a given 160 ms window
	Need to broadcast multiple TAIs (larger SIB message)

The gNB needs to keep updating TAIs frequently and in an aperiodic manner to match the TAIs currently illuminated by quasi-Earth-fixed and Earth-moving beams. 

Furthermore, determination of the SIB content becomes complex because the same content needs to be used in the 160 ms time window but the gNB may illuminate different TAIs within a given 160 ms window.
Additionally, the TACs can be different for different cells managed by the gNB. Hence, the gNB would need to make TAC changes in SIBs of multiple cells asynchronously, further increasing the implementation complexity.
	Reuse of R16: Only one TAI in SIB. No/minimal additional processing at the gNB relative to R16. The gNB does not even need to know about the VTA-TAI mapping.

	UE Processing
	If the R16-like mechanism is reused (this seems to be the case per email discussion), TAU/registration update signaling load increases significantly, because a stationary UE will observe a change in the TAI. To reduce signaling load, additional conditions are needed (e.g., the use of cell ID and TAI). 
	The UE needs to compare its TAI List against multiple TAIs broadcast by the gNB. Additionally, the TAIs in SIB1 can change frequently due to satellite movement, requiring more processing at the UE.
	Re-use R16. The UE simply compares its TAI List against a single TAI broadcast by the gNB. The UE needs to do such comparison only once per cell selection/reselection.

	NAS/NGAP Impact
	Mostly, reuse R16. The TAI to be sent on the N2 interface would need to be determined by the gNB (and discussed by RAN2).
	Requires changes to support multiple TAIs. The TAIs to be sent on the N2 interface would need to be determined by the gNB (and discussed by RAN2). The AMF would likely need to register the UE more TACs than necessary, increasing the paging cost on the N2 interface and more importantly on the radio interface. 
	Essentially, reuse R16. Since the AMF receives a single TAI on the N2 interface from the gNB, it can create a compact TAI list for paging/registration.


We observe that the AMF would need to have a time-based mapping between NCGIs/gNBs and Earth-Fixed TAs in all the three approaches to be able to send a page message to relevant gNBs at a given instant. Furthermore, paging would typically be needed in multiple TAs (i.e., in TAs of the TAI List) in all the three approaches for enhanced reliability. However, the soft TAC update approach would have higher paging cost compared to the VTA approach. 

Observation 1. When multiple TAIs are broadcast by an NTN cell to realize Earth-fixed Tracking Areas, the TA management becomes quite complex to implement at the gNB, the UE needs to do more processing, SIB1 overhead increases, paging cost increases, and reliability of SIB1 detection may also be affected adversely.  An alternative to the soft TAC update approach should be explored to mitigate risks with NTN deployments, especially for Earth-moving beams.
Proposal 1. We suggest that RAN2 consider the concept of a Virtual Tracking Area (VTA) as a candidate option for the Tracking Area management in addition to (and not as a replacement of) the soft TAC update approach.
3    Conclusion

We have summarized our proposal below. 
Proposal 1. We suggest that RAN2 consider the concept of a Virtual Tracking Area (VTA) as a candidate option for the Tracking Area management in addition to (and not as a replacement of) the soft TAC update approach.
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