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1 Introduction- Impact of Beams
Overall Status of Beam Issues

There are three types of beams in an NTN- Earth-fixed beams, quasi-Earth-fixed beams, and Earth-moving beams. RAN2 has discussed issues related to beams such as feeder link switch and tracking area management.  This contribution explains the following beam related issues that we would like RAN2 to discuss to facilitate the design of high-performance NTN: tracking area management and elliptical beams.
Tracking Area Management
RAN2 has discussed the impacts of beams in [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. 

We observe that following agreements were made in RAN2 in R2#114-e meeting [8?].
Agreements online:

1. Change in TAC in SIB1 triggers SI update notification procedure as legacy behaviour. It is FFS whether broadcasting TAC update time can also be considered

2. In rel-17, other enhancements like virtual tracking area concept might be considered with low priority at the end of the WI.

The soft TAC update approach that is currently preferred by the majority of companies has several shortcomings. In particular, reliance on the legacy mechanism to inform UEs about TAC updates would have a significant impact on the network and the UE as mentioned by Qualcomm and Ericsson [8]. This contribution tries to alleviate such impact by summarizing an enhancement to the soft TAC update approach and by re-emphasizing the need for an approach such as the Virtual Tracking Area (VTA) approach previously explained in detail by Samsung, Apple, and Rakuten Mobile in [7]. 
One candidate approach for Tracking Area (TA) management, virtual tracking area (VTA) based TAC management, previously described in [2], [3], and [4], was explained in detail by Samsung, Apple, and Rakuten Mobile in [7]. We understand that the majority of companies prefer the soft TAC update approach. However, in our view, the soft TAC update approach is not suitable for Earth-moving beams from the perspectives of gNB implementation complexity, UE processing, and signaling overhead. This VTA approach is compared with hard TAC update and soft TAC update approaches. In particular, this contribution reemphasizes 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). We have not yet encountered any technical shortcomings of the VTA approach from other contributors. Hence, we request that RAN2 evaluate alternatives to the soft TAC update approach such as the VTA approach to mitigate risks with NTN deployments at least for Earth-moving beams by providing more flexibility to the network to manage TAs.
Elliptical Beams
RAN2 has decided to support the distance between the UE and the cell center as a location-based trigger as shown in the agreements below [8].

Agreements via email (from offline 104):

1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.

2. The reference location for the event description is defined as cell center.

Depending on how the “distance between the UE and the cell center” is used by the UE, there could be an implicit assumption of a circular beam. However, in practice, NTN cells are not circular but elliptical. This contribution explains the problem of assuming the circular beam shape and suggests the use of an elliptical cell for the NTN when location-based trigger is used.
2 Discussion
We would like to offer some observations and related proposals related to beam issues. 
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.

In a Terrestrial Network, a cell broadcasts a single Tracking Area Identity (TAI) of the Tracking Area where the cell is located. However, in an NTN, the movement of cells lead to complexities of the TAI management. Examples of TAI management approaches include Soft TAI Update and Hard TAI Update. In the Soft TAI Update approach, an NTN cell broadcasts multiple TAIs depending upon the coverage area of cell at a given instant. In the hard TAI Update approach, an NTN cell broadcasts only one TAI.
TAI Update Challenges for Earth-moving Beams
A TA on the ground cannot always match the beam of an NTN cell in practice. Hence, an NTN cell needs to change its SIB1 containing the TAIs to reflect the TAs being illuminated by the beam. The changes in the broadcast TAIs occur anytime as the cell with the Earth-moving beam covers different geographic areas at different instants. However, a SIB has a certain time window (e.g., 160 ms) and SIB1 is not typically changed within the target time window. This would lead to inaccurate understanding or interpretation of broadcast TAIs at the UE. For example, a UE may be in TA1 but the cell may be indicating TA2 in SIB1 because the gNB was not illuminating TA2 when it had created SIB1. Note that a UE observing a new cell needs to find its TAC in the TAC list being broadcast by the new cell although such TAC might not have been illuminated by the cell when such SIB was created by the gNB. 
Per RAN2 agreement in April 2021 meeting [5]:

1. RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.

Observation 1. If a UE does not find the Earth-fixed TAI corresponding to its current position in the TAIs broadcast by the gNB, it will have to do a TAU. 
Proposal 1. The gNB should broadcast TACs such that a UE would always find its correct TAC in the TAC list broadcast by the gNB. This requires the gNB to broadcast the TACs that would be illuminated when the SIB was created as well as the TACs that would be illuminated in a period that spans at least the entire SIB window (or possibly multiple SIB windows). 
When the gNB conveys a list of TACs for the UE to the AMF in an NGAP message (e.g., the NGAP message such as “INITIAL UE MESSAGE” in support of registration), the gNB must include the TACs that would be illuminated by its cell not only at the current instant but during the entire SIB window (and possibly multiple SIB windows). If the gNB only provides the TACs illuminated at the instant the SIB was created, it would exclude the TAC that would be illuminated at a future instant within the SIB window. The AMF would then have no knowledge of the correct TAC of the UE, and may not register the UE in the correct TAC, resulting in a paging failure.

Observation 2. If the gNB does not convey the current as well as future TACs illuminated by its cell to the AMF, a paging failure can occur. 

Proposal 2. The gNB should convey to the AMF the TACs that would be illuminated when the SIB was created as well as the TACs that would be illuminated in a period that spans at least the entire SIB window (or possibly multiple SIB windows). 

The soft TAC update requires the gNB to broadcast multiple TAIs, increasing the size of the SIB message. Since there is a finite amount of channel coding possible within the SIB window, an increased SIB message size reduces the amount of coding or protection, potentially affecting the reliability of SIB decoding at the UE. If TAIs are represented in a compact manner, the SIB size can be reduced, and, reliability of SIB decoding can be preserved.

Observation 3. The soft TAC update requires the gNB to broadcast multiple TAIs when its cell illuminates multiple TAIs in a given period.  

Proposal 3. Separate the common part and non-common (“dedicated”) part of TAIs and include the common part only once while representing the TAIs.

When a beam/cell is illuminating multiple TAs, the UE may not know the exact TA that it is in. Furthermore, the UE may move from one TA to another TA in the given NTN cell. Since the gNB needs to connect the UE to the correct core network, there is a need to detect the UE’s mobility across TAs in a given NTN cell. 

Observation 4. The gNB should know the UE’s TA so that it can connect the UE to the correct core network. The UE may cross TAs in a given NTN cell.   

Proposal 4. RAN2 should discuss how the gNB would determine the exact TA of the UE and how the gNB would detect a change in the UE’s TA due to the UE’s mobility within the NTN cell. 

2.2 Tracking Area Management using Virtual Tracking Areas
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 TAIs/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. 
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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 5. 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 5. 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.
2.3 Elliptical NTN Cells

As mentioned earlier, RAN2 has decided to support the distance between the UE and the cell center as a location-based trigger as shown in the agreements below [8].

Agreements via email (from offline 104):

1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.

2. The reference location for the event description is defined as cell center.

The use of a Euclidean distance between the UE and the cell/beam center implicitly assumes a circular beam and may often lead to an incorrect determination of the coverage area where the UE resides. For example, as shown Figure 3 below, the UE may actually be in Cell 1 but may be closed to Cell 2’s center if the Euclidean distance criterion is applied. A better and more accurate approach to identify the UE’s coverage area or cell is to see if the UE inside an elliptical area or not. 

To prevent such incorrect cell selection by the UE during handover and cell reselection, we suggest the use of an elliptical beam instead of a circular beam. The UE can then use the characteristics of the elliptical beam (e.g., center, major or semi-major axis, and minor or semi-minor axis) to determine whether it is in one beam/cell or another beam/cell. The elliptical beam assumption can be used as a measurement report trigger for traditional and conditional handover, CHO execution, neighbor search in all RRC states, and cell reselection trigger.
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Figure 3. Incorrect Cell Selection by the UE: Circular vs. Elliptical Beams

In practice, a satellite’s beam on the Earth’s surface is elliptical. Hence, an elliptical shape for the NTN cell would better match the beam’s coverage compared to a circular shape. In case of quasi-Earth-fixed beams, as the satellite moves from the zenith (e.g., 90° above the horizon) to the horizon, the beam’s coverage on the Earth’s surface changes and the discrepancy between the circular coverage area and the actual coverage area of the beam increases significantly. In summary, the elliptical shape is a better choice than a circular shape to represent an NTN cell.
Observation 6. NTN beams are not circular but elliptical. Furthermore, the dimensions of the elliptical beam’s coverage area on the Earth’s surface area depend on the satellite’s position in the orbit (e.g., near the horizon or near the zenith). The assumption of a circular cell by the UE may lead to an incorrect choice of a cell during cell reselection and handover.
Proposal 6. We suggest that RAN2 consider the use of an elliptical beam instead of a circular beam to reflect the practical beam coverage and to facilitate the selection of the correct cell by the UE during cell reselection and handover. 
3    Conclusion

We have summarized our proposals below.
Proposal 1. The gNB should broadcast TACs such that a UE would always find its correct TAC in the TAC list broadcast by the gNB. This requires the gNB to broadcast the TACs that would be illuminated when the SIB was created as well as the TACs that would be illuminated in a period that spans at least the entire SIB window (or possibly multiple SIB windows). 

Proposal 2. The gNB should convey to the AMF the TACs that would be illuminated when the SIB was created as well as the TACs that would be illuminated in a period that spans at least the entire SIB window (or possibly multiple SIB windows). 

Proposal 3. Separate the common part and non-common (“dedicated”) part of TAIs and include the common part only once while representing the TAIs.

Proposal 4. RAN2 should discuss how the gNB would determine the exact TA of the UE and how the gNB would detect a change in the UE’s TA due to the UE’s mobility within the NTN cell. 

Proposal 5. 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.
Proposal 6. We suggest that RAN2 consider the use of an elliptical beam instead of a circular beam to reflect the practical beam coverage and to facilitate the selection of the correct cell by the UE during cell reselection and handover. 
4 Reference
[1] 3GPP, Email Discussion, “[Post111-e][910][NTN] Impacts of earth fixed and moving beams,” October 2020, https://www.3gpp.org/ftp/Email_Discussions/RAN2/%5BRAN2%23111-e%5D/%5BPOST111e%5D%5B910%5D%5BNTN%5D%20Impacts%20of%20earth%20fixed%20and%20moving%20beams%20(Ericsson) .

[2] Samsung, R2-2100254, “Idle and Inactive Mode Aspects for an NTN- Observations and Proposals,” 3GPP TSG RAN2 meeting #113e, e-meeting, January-February 2021, https://www.3gpp.org/ftp/tsg_ran/WG2_RL2/TSGR2_113-e/Docs .

[3] Samsung, R2-2008915, “Idle and Inactive Mode Aspects for an NTN- Observations and Proposals,” 3GPP TSG RAN2 meeting #112e, e-meeting, November 2020, https://www.3gpp.org/ftp/TSG_RAN/WG2_RL2/TSGR2_112-e/Docs/ .
[4] Samsung, R2-2103076, “TAC Management and Neighbor Search in an NTN,” 3GPP TSG RAN2 meeting #113bis-e, e-meeting, April 2021, https://www.3gpp.org/ftp/tsg_ran/WG2_RL2/TSGR2_113bis-e/Docs  .

[5] ZTE, R2-2104302, “Report from Break-out session on R17 NTN and REDCAP,” RAN2#113bis-e Meeting, April 2021.

[6] Samsung, R2-2106070, “Enhancements for the Soft TAC Update for Earth-moving Beams in an NTN,” 3GPP TSG RAN WG2 Meeting #114-e, May 19 – May 27, 2021. 

[7] Samsung, Apple, and Rakuten Mobile, R2-2106069, “Tracking Area Management using Virtual Tracking Areas in an NTN,” 3GPP TSG RAN WG2 Meeting #114-e, May 19 – May 27, 2021.

[8] ZTE, R2-2106472, “Report from Break-out session on R17 NTN and REDCAP,” 3GPP TSG-RAN WG2 Meeting #114 electronic, Online, May 19th - 27th, 2021.
[image: image1.png]VTAL  VIAZ  VTA3 VTAL  VTAZ  VTA3 VTAL  VTAZ  VTA3

VTA: Fixed geographic area on earth



