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1. Introduction
SA2#146E sent an LS [1] to RAN2, RAN3 and CT1 describing 4 alternative options to support TAC selection for an NGAP ULI (e.g. in an NGAP Initial UE Message) when multiple TACs are broadcast in a cell by a gNB. The relevant portion of the LS in [1] is shown below.
	S2-2106651 [1]
LS Response to Reply LS on UE location aspects in NTN

	SA2 has identified several alternative options for reporting of a TAC in the ULI. 
Option A:	The ULI contains a TAC selected by NG-RAN out of the TAC(s) broadcast by the serving radio cell for the UE. Different options are available for how this TAC is selected. For example: 
1. The TAC could be selected by NG-RAN and correspond to the TA in which the UE is physically located if this is one of the TACs broadcast in the serving radio cell. NG-RAN selects the TAC based on its available knowledge of the UE location. This option does not apply in case the UE is located in a TAI and the corresponding TAC is not broadcast in UE’s serving cell (e.g. in case of hard TAC). 
2. The TAC could be selected by NG-RAN and corresponding to the TA with greatest geographic overlap with the current earth area projected by the NTN Uu cell. 
Option B:	The ULI contains a TAC selected by the UE out of the TAC(s) broadcast by the serving radio cell. The TAC could be selected by the UE based on the Registration Area and other information. The UE provides the selected TAC to NG-RAN and NG-RAN provides it to the CN in the ULI. 
Option C: 	The ULI contains the TAC for the TA in which the UE is physically located, independent of whether the TAC is broadcast in the serving radio cell or not. NG-RAN determines the TAC based on its available knowledge of the UE location. NG-RAN may also indicate in the ULI whether the TAC is broadcast in the serving radio cell.
Option D: 	The ULI contains all TAC(s) currently broadcast by the serving radio cell.
There may also be additional options. SA2 would like to highlight that the options have different pros and cons, and that some options may have issues to support e.g. reachability/paging or mobility restrictions, which need to be further evaluated. SA2 would welcome feedback from CT1, RAN2 and RAN3 on the above options.



Each option has certain advantages and disadvantages as shown below. Additionally, some new options are shown with further advantages.  The options and evaluations apply principally to scenarios with moving radio cells (e.g. for LEO or MEO) and with broadcast of multiple TACs per PLMN in a radio cell (known as “soft TAC switchover”). Support of fixed cells should be easier and may employ the same options. Support of broadcast of one TAC per PLMN in a radio cell (known as “hard TAC switchover”) may also use the same options but in a degenerate mode where, for most options, the ULI would include just the one TAC broadcast in the radio cell.
It is noted that, though it seems simpler, hard TAC switchover could cause extra Registration Update and/or extra Paging compared to soft TAC switchover in some conditions. This is shown here in considerable detail in the Appendix which concludes with the following observation.
Observation 1	The comparisons here show that soft TAC switchover can be more efficient than hard TAC switchover in some conditions and that it could be necessary to resort to what seem like less desirable or less likely conditions (e.g. large TA sizes or overlapping cell coverage areas) to reduce or reverse this. That implies that soft TAC update, like hard TAC update, is worth supporting.
2. Summary of Options
[bookmark: _Toc510607461]The options described in [1] are summarized below. Another Option E is also added which is a variant of Options A and C.
	Option A	gNB selects a TAC from TACs broadcast in the serving radio cell giving preference to any TAC in which the UE is located.
	Option B	UE selects a TAC from TACs broadcast in the serving radio cell and may give preference to TACs in the RA.
	Option C	gNB selects a TAC as the TAC for the TA within which the UE is geographically located. When a TAC cannot be determined (e.g. no UE location information), the gNB may select any TAC being broadcast in the serving radio cell.
	Option D	gNB provides all TACs broadcast in the serving radio cell.
	Option E	gNB selects a TAC as the TAC for the TA in which the UE is located if broadcast in the serving radio cell, otherwise the TAC broadcast in the serving cell for the TA that is closest to the UE. When a TAC cannot be determined (e.g. no UE location information), the gNB may select any TAC being broadcast in the serving radio cell. 
The figure below shows an example radio cell (at time T) in which TACs 1, 2, 3, 4, 5 are broadcast (shown in yellow). Examples of Options A-E are shown for a UE located in TA1 (which is broadcast) and a UE located in TA6, which in this example is not broadcast and where (for Option E) the UE is assumed to be closer to TA2 than to other TAs which are broadcast.


Figure 1 – Example Radio Cell Coverage at Times T and T+δ showing broadcast TACs

3.  Pros and Cons
Options A-E above are evaluated against a number of criteria as described below.
One criterion concerns how well each Option can assist an AMF to select a new Registration Area (RA) for a UE, or decide whether to retain an existing RA, when a UE performs an initial Registration or a Registration Update. For example, for TN access, an AMF should ensure that the TAC from the ULI is included in the RA (to allow the UE to access the current serving cell) and might also assign one or more other nearby TACs to allow for some UE mobility without an additional Registration Update. For NTN access, some of the options can perform badly with respect to this criterion as shown below.
Option C can provide a TAC in the ULI that is not broadcast in the serving radio cell (e.g. see the example above for a UE in TA6) which could lead to the AMF selecting an RA that does include any TAC being  broadcast. The UE would then not be able to access the serving cell without performing another Registration Update which might lead to a sequence of Registration Updates or to the UE looking for another radio cell.
Option B could provide a TAC in the ULI that is distant from the actual UE location (since the UE does not know in which TA it is located or which TAs may be close to the UE location). For example, assume a UE located in TA1 in Figure 1 with the UE selecting TAC5 which is delivered to the AMF in the ULI and with the AMF then including TAC5 but not other TACs in the RA. If the radio cell moves to the area shown by the dashed circle in Figure 1 at time T+δ, the UE would still be in coverage of the radio cell but TAC5 would (probably) no longer be broadcast, resulting in a Registration Update from the UE that could have been avoided if TAC1 or a TAC at least closer to the UE location had been provided instead to the AMF in the ULI . Similar examples of unnecessary Registration Update can occur for Option B (for a UE located in TA1) for any other TAC provided in the ULI except TAC1.
Option A can perform just as badly as Option B in some cases – e.g. for a UE in TA6 in Figure 1 which is not broadcast, the gNB might include a TAC in the ULI which is also distant from the UE location. It could be argued that such cases should not happen if the selection of broadcast TACs includes all covered areas, but this cannot be guaranteed.
Option D is no better than Option B either, since the AMF does not know in which of the provided TAs in the ULI the UE may be located or which TA(s) may be closest to the UE. It could be argued that an AMF could learn a UE TA over time according to different sets of TACs provided to an AMF in a ULI, but that could require several ULI updates over a period of time and might be unsuitable for short UE access duration such as for IOT.
Option E provides a TAC which is broadcast and is closest to the UE location which would reduce the incidence of extra Registration Update when a cell coverage area moves. For example, if the UE is in TA1 in Figure 1, Option E provides the AMF with TAC1 in the ULI, allowing the AMF to include TAC1 in the RA. If the UE is in TA6, which is not broadcast, the AMF would receive TAC2 which is for the TA closest to the UE that is broadcast. This would lead to further Registration if the cell were to move away from TA2 and cover TA6, but in that case the AMF will receive TAC6 in the ULI and be able to include TAC6 in a new RA. 
Another criterion concerns whether a TAC provided in a ULI is consistent with the currently assigned RA for a UE. For TN, the TAC provided in the ULI for any non-Registration NAS message should always be part of the current UE RA. Otherwise, the UE would have performed a Registration Update. For TN, the UE would also provide the last registered TAC in which it was located in a NAS Registration Request to an AMF (in the “Last visited registered TAI” defined in TS 24.501 [2]) which should also be part of the current RA. For NTN, there is a small risk that providing a TAC for either of these purposes that is not part of the current UE RA might trigger some anomalous behaviour in an AMF (e.g. an error condition). This is avoidable because, for an NTN RAT, an AMF can be programmed to ignore any difference between the TAC in the ULI or the TAC in a NAS Registration Request and the current RA. Additionally, the AMF could perform a Configuration Update to update the RA in the UE with the TAC that was included in the ULI when this TAC was not part of the current RA. However, this may increase signalling and there might still be unanticipated problems in some implementations. Option B has the benefit of avoiding any new AMF implementation or unanticipated problems by ensuring that the TAC provided in the ULI is part of the UE RA. All the other options fall short in this regard.
The options also differ in terms of new impacts. Option B has new RRC signalling impacts to enable a UE to transfer a selected TAC to a gNB for RRC Connection Setup and other instances of NAS message transfer. Option D has a new NGAP impact to transfer all the TACs broadcast in a cell to an AMF. Options A, C and E have no new signalling impacts.
In terms of gNB complexity, Options B and D are particularly simple as there is no need for a gNB to map a current UE location to a TA or closest TA. Options A and C require a gNB capability to map a UE location to a TA and Option E additionally requires a gNB to map a UE location to the closest TA whose TAC is being broadcast when the TA in which the UE is located is not being broadcast. However, the mapping capability should not add much new complexity, since similar functionality is already required (for all Options) when the gNB decides which TACs to broadcast in a given cell at a given time and when a gNB maps a UE location to a particular CGI which must also be included in a ULI.  For example, an operator (or an offline tool) could configure a fixed mapping from a CGI to an associated TA, thereby simplifying the location to TAC mapping for Options A and C via a mapping of location to CGI and then CGI to TAC. A similar mapping could be configured from a CGI to a sequence of TACs for TAs that are at progressively increasing distances from the cell area defined by the CGI, thereby also supporting the mapping for Option E. These mappings depend on having enough UE location information to determine a CGI of size equal to or smaller than a TA. The next criterion explores what happens when that does not occur.
Another aspect of TAC selection concerns what happens when the gNB does not have accurate enough UE location information to determine a location related TAC for Options A, C and E.  This could arise when a UE transitions into Connected state from Idle state and does not include an approximate location in the RRC Message 5 which is not AS encrypted. SA3 are still considering this aspect and may agree that a UE can provide an approximate location (e.g. with 2 kms granularity), e.g. if a user explicitly opts in to doing so. However, it could still occur that a UE provides no location (e.g. did not opt in to location provision). When this scenario arises, the gNB can still provide in the ULI one of the TACs being broadcast, though any location significance would then be lost. Options A, C and E would then behave more like Option B in terms of supporting RA assignment by an AMF for a NAS Registration, so are not any worse. 
A further aspect of TAC selection concerns paging efficiency. This is related to how well the current RA for a UE includes the TAC for the TA in which the UE is actually located and TACs for nearby TAs. If the RA includes TACs for TAs distant from the UE (e.g. because the AMF was misled by receiving a ULI with a TAC for a TA distant from the UE location), then when paging over the entire RA, paging may be included in cells that do not cover the actual UE location. Such paging would be wasted because the UE could not access these cells. As an example, assume the UE is located in TA1 in Figure 1 but the ULI includes TAC5. Then the RA will end up including TAC5. There may be one or more cells with coverage of TA5 that do not cover TA1 and paging in these cells will be wasted. This problem is more likely to arise for Options B and D where the reported TAC is not based on the real UE location and could sometimes arise for Option A when the TAC for the TA in which the UE is located is not currently broadcast. The problem may be further compounded if the AMF assigns multi-TAC RAs in order to reduce unnecessary Registrations Updates. This problem may not occur when paging is based on last used CGI(s) and not on reported TACs or TACs in the RA, but since the purpose of the RA is to provide a backup when more precise (e.g. CGI based) paging does not work, it will occur to some degree. 
A final criterion concerns whether the same Options can be used to select a TAC for the ULI in NGAP messages not associated with NAS message transfer. These NGAP messages (see TS 38.413 [3]) include four PDU Session Management messages, three UE Context Management messages, two UE Mobility Management messages and the Location Report message used for tracking UE location. Options C and E and to a lesser extent Option A could be reused for non-NAS message TAC selection because the TAC can always or generally be UE location related. If Option B or D is used for TAC selection in this case, the lack of location significance may cause problems. For example, the location reporting procedure can be used to track the location of a UE in an area of interest which may be defined as a set of TAs. Using a UE selected TAC to determine whether a UE is located in the area of interest would not be useful as it might not be location related. Furthermore, there could be significant extra impact in the case of reusing Option B as a gNB would either need to request a TAC from the UE or store and make use of a last UE provided TAC (which, however, may not work when handover occurs). Therefore, for Options B and D, some different solution might be needed to determine a TAC for location reporting and possibly for other non-NAS related NGAP messages.
The overall pros and cons are summarized in Table 1 with red indicating worse performance and green indicating better performance. 
	Criterion
	Option A
	Option B
	Option C
	Option D
	Option E

	Support effective RA assignment by AMF
	No
	No
	No
	No
	Yes

	Always Provide a TAC that is within the RA
	No
	Yes
	No
	No
	No

	New Signalling Impacts
	None
	RRC
	None
	NGAP
	None

	gNB complexity
	Higher
	Lowest
	Higher
	Lowest
	Highest

	TAC Provision with no UE location available
	Yes
	Yes
	Yes
	Yes
	Yes

	Paging efficiency
	Higher
	Lowest
	Higher
	Lowest
	Higher

	Suitable for ULI in Non-NAS messages
	Yes
	No
	Yes
	No
	Yes


Table 1 – Comparison of Options A to E 
Clearly no option is ideal, but Option E appear at least slightly better than the others.
For Option E, and as discussed above, the inability to always provide a TAC that is part of the RA may not be serious and the extra gNB complexity can be reduced by extra configuration. Therefore, Option E appears suitable in principle. 
Observation 2	Of the 5 options evaluated here for TAC inclusion in a ULI with soft TAC switchover and moving radio cells, Option E performs overall better than the other options against 7 different criteria.
4. Possible Merger of Options
Two additional options are summarized below which merge 2 or 3 of the previous options to reduce or eliminate some of the previous Cons. The merger increases impacts, however. The mergers are referred to using the options they include.
	Option B/E	For transfer of NAS messages other than Registration, the UE selects a TAC from the RA as for Option B and sends to the gNB using RRC. The gNB then includes the TAC in the ULI.
		For transfer of a NAS Registration Request, the UE does not include a TAC. The gNB then selects a TAC for the ULI as for Option E.
		For other instances of ULI, the gNB selects as TAC as for Option E.
	Option B/C/D	For transfer of NAS messages other than Registration, the UE selects a TAC from the RA as for Option B and sends to the gNB using RRC. The gNB then includes the TAC in the ULI.
		For transfer of a NAS Registration Request, the UE does not include a TAC. The gNB then selects a TAC as for Option C and includes this TAC in the ULI and further includes all TACs broadcast in the serving cell as for Option D. 
		For other instances of ULI, the gNB selects a TAC as for Option C and may further include all TACs broadcast in the serving cell as for Option D.
Option B/E has an RRC impact and slightly higher gNB complexity but otherwise performs as well as or better than Option E. 
Option B/C/D could potentially perform better than Option E and Option B/E with regard to supporting effective RA assignment by an AMF and Paging efficiency because it provides the AMF with the TA in which the UE is located even when the corresponding TAC is not broadcast and all the TACs being broadcast. For each TA in which a UE may be located, an AMF can then be configured with a list of other TAs in order of distance from this TA. An AMF could then select a TAC or a set of TACs for the RA that were both being broadcast and whose TAs are close to or include the TA in which the UE is located, which might enable a better RA assignment by the AMF. Option B/C/D further supports location related applications of a ULI well by consistently including the TA in which a UE is really located (so no “toggling”). However, Option B/C/D has a slightly higher gNB impact and highest signalling impact with both RRC and NGAP impacts. The NGAP impact though could be the same as (i.e. no more than) Option D if the list of  broadcast TACs is added to the ULI as new IE in both cases. 
Observation 3	When some of the previous options are merged, two combinations, referred to as Option B/E and Option B/C/D emerge that can perform better than Option E against all criteria except complexity and signalling impact which both increase. 
5. Support of Services Areas and Forbidden Areas
Support can be omitted from Release 17 as discussed at SA2#146. However, this means that an operator who assigns allowed and non-allowed areas to UEs for TN access would be unable to do this for NTN. That could lead to some anomalous behaviour. For example, a UE may move into a forbidden TN area and periodically (e.g. whenever outdoors) obtain NTN service. This could lead to changes of user behaviour – e.g. the user evades TN restrictions by going outdoors (or near a window when indoors) for services supported by NTN – which could degrade the value of TN restrictions by confining them to services only available using TN (e.g. such as high speed data).
This suggests that even an approximate form of service area control could be useful for NTN. The level of control would not be precise but might still be useful to approximate TN restrictions. The following rules are suggested with service areas and forbidden areas otherwise supported as for TN.
	UE access to a Cell		Allowed if at least one broadcast TAC is not in the non-allowed or forbidden lists
	Otherwise the UE follows the rules for a forbidden TAC if at least one forbidden TAC is broadcast or follows the rules for a non-allowed TAC otherwise 
Receiving NAS Reject	If the Reject indicates the current TAC is forbidden, the UE treats all broadcast TACs that are not in the current RA and not in the allowed list as forbidden TACs
Forbidden TAC List	Remove a TAC from the forbidden TAC list if received as part of a new RA or received as an allowed TAC
These rules will sometimes (A) allow a UE access to a non-allowed area or (B) deny UE access to an allowed area. However, if service areas are carefully managed to always indicate allowed TACs nearby to a UE, it is more likely that (A) will occur but not (B). That will avoid reducing UE access compared to TN and provide some additional access not possible with TN but not unlimited additional access. 
Observation 4	Services Areas and Forbidden Areas can be supported approximately such that an operator could support non-allowed areas for a UE, though with a UE sometimes able to get service in a non-allowed area. However, this may be better than no access control at all.
6. Conclusions
[bookmark: _Hlk51968268]The following observations were made.
Observation 1	The comparisons here show that soft TAC switchover can be more efficient than hard TAC switchover in some conditions and that it could be necessary to resort to what seem like less desirable or less likely conditions (e.g. large TA sizes or overlapping cell coverage areas) to reduce or reverse this. That implies that soft TAC update, like hard TAC update, is worth supporting.
Observation 2	Of the 5 options evaluated here for TAC inclusion in a ULI with soft TAC switchover and moving radio cells, Option E performs overall better than the other options against 7 different criteria.
Observation 3	When some of the previous options are merged, two combinations, referred to as Option B/E and Option B/C/D emerge that can perform better than Option E against all criteria except complexity and signalling impact which both increase. 
Observation 4	Services Areas and Forbidden Areas can be supported approximately such that an operator could support non-allowed areas for a UE, though with a UE sometimes able to get service in a non-allowed area. However, this may be better than no access control at all.
Based on these, the following proposals are made.
Proposal 1	Continue support for soft TAC switchover with hard TAC switchover also allowed as a special case.
Proposal 2	Support TAC selection for a ULI with soft TAC switchover using one of Options E, B/E or B/C/D.
Proposal 3	Consider including approximate support for Services Areas and Forbidden Areas in Release 17 as described in section 5.
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Appendix – Hard TAC Switchover versus Soft TAC Switchover
This section compares hard and soft TAC switchover to see whether soft TAC switchover is worth supporting in addition to hard TAC switchover. A scenario with moving radio cells is assumed where tracking areas are equal sized squares arranged in a grid and where radio cells support circular coverage areas whose geographic areas equal the areas of the tracking areas (which means that the diameter of a radio cell would be 1.13 times the width and length of a tracking area).

The first part of the evaluation assumes that UEs attempt to access a serving radio cell for as long as possible (i.e. while the cell remains accessible to the UE) to minimize cell change. A later evaluation then looks at the possibility of accessing cells for shorter periods. Figure 2A shows a scenario for hard TAC switchover where a radio cell moves from left to right and passes over 3 TAs, TA1, TA2 and TA3. At time T0, the cell mostly covers TA1 and thus broadcasts TAC1. At time T1, the cell is just starting to cover more of TA2 than TA1, so there is a hard switchover from broadcasting TAC1 to  broadcasting TAC2. At time T2, the cell is just starting to cover more of TA3 than TA2 so there is another hard switchover from  broadcasting TAC2 to broadcasting TAC3. UEs within TA2 will then sometimes see different TACs being broadcast in the radio cell depending on the time. For example, at the exact centre of TA2, a UE would see TAC1 being broadcast just before time T1, would then see TAC2 being broadcast at and after T1 and would finally see TAC3 being broadcast at and after time T2. Figure 2B shows the different TACs that would be seen as broadcast by the radio cell at different locations in TA2. Locations in area 1 see TAC1 initially broadcast followed by TAC2. Locations in area 3 see TAC2 broadcast followed by TAC3. Locations in area 5 (e.g. including the centre of TA2) see TAC1 broadcast, then TAC2 and finally TAC3. Locations in areas 2 and 4 only see TAC2 being broadcast.
The change in TAC being broadcast seen in an areas 1, 3 and 5 means one of two things. Either the UE performs a Registration update when the TAC being broadcast changes if the new TAC is not in the UE RA or the UE avoids a Registration Update by already having the new TAC in the RA. The first alternative means extra Registration updates – not a good outcome as a radio cell could completely pass over a UE location in about a minute (e.g. with 400 km cell width) which could mean one Registration update per minute. The second alternative avoids the Registration updates but requires additional TACs to be included in the RA. For UEs in area 1, the RA would need to include TACs 1 and 2. For UEs in area 3, the RA would need to include TACs 2 and 3. And for UEs in area 5, the RA would need to include TACs 1, 2 and 3.
The larger RA for the second alternative will have impacts on Paging. Figure 2C shows a paging scenario where, at one particular time, 5 different radio cells cover different parts of TAs 1, 2 and 3 and each broadcast one of TAC1, TAC2 or TAC3. The AMF may not know in which TA a UE is located. In particular, if the TAC reported by a gNB to an AMF in the ULI is the same as the TAC being broadcast, the AMF would see a stationary UE as apparently moving (“toggling”) between different TAs – corresponding to the different TACs seen by the UE as shown in Figure 2B. So, to be safe, the AMF (or gNB) may need to page for a UE in all TAs that are part of the UE RA. For UEs in area 1 whose RA includes TAC1 and TAC2, paging would be sent in cells 1, 2 and 3. For UEs in area 3 whose RA includes TAC2 and TAC3, paging would be sent in cells 3, 4 and 5. And for UEs in area 5 whose RA includes TAC1, TAC2 and TAC3, paging would be sent in all 5 cells. Assuming the UE is located somewhere in TA2, the paging in cells 1 and 5 will always be wasted as these cells do not cover any part of TA2. In addition, the paging in cells 2 and 4 mays also be wasted if these cells do not cover the location of the UE (e.g. as shown for the example UE depicted in Figure 2C) but at least the paging would reach some UEs in TA2.
The inefficiency just described could get worse if radio cells are also moving in other directions (e.g. vertically or diagonally in Figure 2A) because the UE RA could then need to include other TACs (e.g. for TAs above and below TA2 in Figure 2A) to avoid extra Registration updates.  These other TACs would then cause paging to be sent in additional radio cells (e.g. covering TAs above and below TA2 in Figure 2C).  For example, if TA2 in the above figures was surrounded by 8 other TAs (to the left, right, above, below and in all 4 diagonal directions), then a UE located in TA2 could end up with an RA that included most if not all of these other TAs in order to avoid additional Registration updates. This would generally increase paging, defeating some of the purpose of using tracking areas to limit paging.
So paging with hard TAC switchover can become inefficient.


The situation with soft TAC update is shown in Figure 3A for the same set of TAs and same radio cell movement as in Figure 2A. However, the times t0, t1, t2 and t3 shown in Figure 3A would generally be different to the times T0, T1 and T2 shown in Figure 2A. At time t0 in Figure 3A, the radio cell would broadcast TAC1 and possibly TACs for other TAs not shown in Figure 3A. At time t1, there is a soft TAC switchover as the cell starts to cover TA2 and consequently starts to broadcast TAC2. At time t2, there is another soft TAC switchover as the cell starts to cover TA3 and ceases to cover TA1, when the cell would start to broadcast TAC3, cease to broadcast TAC1 and continue to broadcast TAC2. At time t3, there is a further soft TAC switchover as the cell ceases to cover TA2 and thus ceases to broadcast TAC2 while continuing to broadcast TAC3. It can be observed that while locations in TA2 would observe other TACs being broadcast, the same as for hard TAC update in Figure 2A, they would also see TAC2 being broadcast for the entire duration of coverage by the radio cell. Locations close to the border of TA2 might not necessarily see TAC2 being broadcast as the radio cell just starts to cover TA2 or just ceases to cover TA2, which means some toggling of TACs could occur for UEs close to the TA2 border as for hard TAC update with the same consequences for adding extra TACs to the RA to avoid extra Registration Updates. But, unlike hard TAC update, this would be restricted to border areas and not impact UEs well inside TA2.
The paging behaviour for soft TAC update is shown in Figure 3B using the same 5 cell scenario as in Figure 2C. In this case, cells can broadcast more than one TAC and cells 2 and 4 would now also broadcast TAC2 due to overlapping coverage of both TA2 and one of TA1 or TA3. Paging for a UE located in TA2 whose RA just includes TA2 would occur in cells 2, 3 and 4 but not in cells 1 and 5 which do not cover and thus do not broadcast TAC2. As for hard TAC update, the paging in cells 2 and 4 may not reach the UE if not in coverage of these cells (e.g. as for the example UE shown in Figure 3B). However, the big difference with hard TAC update is that paging in cells with no coverage of TA2 (like cells 1 and 5) has been avoided. Paging is thereby more efficient with soft TAC switchover than with hard TAC switchover.
If the size of TAs relative to cell size was different than assumed above, the disadvantage of hard TAC switchover compared to soft TAC switchover would change. If TAs were smaller than the cell size (or cell size was larger than the TAs), then areas 2 and 4 in Figure 2B would shrink and eventually disappear and area 5 would increase. This would exacerbate the disadvantages of hard TAC switchover. If TAs were larger than the cell size (or cell size was smaller than the TAs), the reverse would occur and area 5 would shrink and then disappear, areas 1 and 3 would shrink and areas 2 and 4 would initially expand and merge, and 2 new areas 6 and 7 would appear where there was no coverage by the cell at any time. This is illustrated in Figure 2D for the case where the TA area is 4 times the cell area (meaning a cell diameter of 0.56 times the length and width of a TA). The greater inefficiency of paging for hard TAC switchover would now be confined to UEs in the smaller areas 1 and 3 and thus to only a small portion of TA2. However, there is a price to pay for this. Because TAs are now larger than radio cells, paging for a UE located in TA2 would now occur in a greater number of cells including cells that do not cover the location of the UE. This is a normal consequence, even for TN, of increasing TA size relative to cell size and would impact both hard TAC switchover and soft TAC switchover. So while hard TAC update becomes relatively more efficient compared to soft TAC switchover, when TA size significantly exceeds cell size, both types become less efficient overall in terms of paging.
The comparisons so far assume that, with hard TAC switchover, a UE will attempt to maximise the duration of access to a serving radio cell by performing a Registration update if necessary when there is a TAC change with no TAC in the UE RA being broadcast. This leads to enlargement of the RA with extra TACs which causes additional paging for hard TAC switchover as just described. Now suppose, in a new technique, that a UE is implemented to minimize Registration update by searching for another radio cell that broadcasts a TAC in the UE RA whenever this situation occurs. If an operator increases the number of radio cells available to a UE by deploying overlapping radio cells and if the UE is located in a TA whose TAC is included in the RA, then the UE may well find a cell broadcasting a TAC in the UE RA. The UE can then perform a cell change. This could allow a UE to operate with hard TAC switchover with an RA that just includes the TAC for the TA in which the UE is located. Figure 2A illustrates how hard TAC update could work in that case. The moving radio cell in Figure 2A broadcasts TAC2 from time T1 to time T2. which now represents the maximum period of availability of the cell to UEs whose RA just includes TAC2. A UE located in area 5 in TA2 (shown in Figure 2B) would have access to the cell for this entire period. UEs located in areas 2 and 4 (in Figure 2B) would have access to the cell for some of this period (depending on their exact location in area 2 or 4) which would also correspond to the period of cell visibility to the UE. UEs located in areas 1 and 3 would also have access to the cell for some of this period but would also lose access to the cell outside this period and while the cell was still visible to the UE (due to the cell no longer broadcasting TAC2). UEs in areas 1 and 3 would then need to perform additional cell search and cell change to find another cell broadcasting TAC2. This is an added UE inefficiency. However, extra Registration updates have been avoided and paging can be more efficient. For example, in Figure 2C, paging would only be sent in cell 3 and not in cells 1, 2, 4 and 5 for all UEs in TA2. However, again, there is a price to pay, since a radio cell would then only be accessible in general by UEs that were located inside the TA whose TAC was broadcast by the cell. UEs located in other TAs, which might also have coverage by the cell, would not access the cell due the new technique of only accessing a radio cell broadcasting a TAC in the RA of the UEs. This would waste cell coverage capability.
There is no analogous scenario for soft TAC switchover, since this is designed to already allow a UE to access cells which cover only parts of the TA in which the UE is located. However, paging with soft TAC update might now be less efficient than with hard TAC update as shown in Figure 3B, where paging for soft TAC update would still be sent in cells 2 and 4 with only partial coverage of TA2, which was avoided with hard TAC update. This less efficient paging is not an “apples to apples” comparison since soft TAC update will also enable UEs to access the entire coverage areas of cells as opposed to just the portions of cells covering the TAs for the TACs they broadcast. Hence, this new technique for hard TAC switchover may not be much, if any, of an advantage.
Overall, the comparisons here show the following.
Observation 1	The comparisons here show that soft TAC switchover can be more efficient than hard TAC switchover in some conditions and that it could be necessary to resort to what seem like less desirable or less likely conditions (e.g. large TA sizes or overlapping cell coverage areas) to reduce or reverse this. That implies that soft TAC update, like hard TAC update, is worth supporting.
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