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1. Introduction 
This document provides summary report of the following email discussion.
· [AT114-e][107][NTN] TAC update (Qualcomm)

Initial scope: Discuss mechanism for TAC update 

Initial intended outcome: Summary of the offline discussion with e.g.:

· List of proposals for agreement (if any)

· List of proposals that require online discussions

· List of proposals that should not be pursued (if any)

Initial deadline (for companies' feedback): Friday 2021-05-21 10:00 UTC

Initial deadline (for rapporteur's summary in R2-2106525): Friday 2021-05-21 18:00

Proposals marked "for agreement" in R2-2106525 not challenged until Monday 2021-05-24 10:00 UTC will be declared as agreed via email by the session chair. 
For the rest the discussion will continue online in the Monday CB session.

2. Discussion 

In RAN2#113e and RAN2#113bis-e meeting, following agreements were made.

Agreements:

1.
In NTN, the network may broadcast more than one TACs per PLMN in a cell, which is to up to network implementation.

2.
When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)

3.
RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.

4.
RAN2 confirm that in NTN when TAC change in SI happens is up to network implementation, i.e. it may not exactly sync up with real-time illumination on ground.

5.
Send a LS to CT1 and SA2, with Cc RAN3. The content is: currently RAN2 has two options on table, and the preference is “AS indicates all received TACs to NAS layer when more than one TAC per PLMN is broadcasted in NTN cell”, compared to “AS still reports only one TAC to NAS layer”, and ask for CT1’s feedback. Also include justification for RAN2 preference

One outstanding issue for RAN2 is how UE is notified when there is a change in TAC. There are currently three solutions brought up.

Option#1: Network can trigger SI update procedure (i.e., sending short paging message) [1]
Option#2: Time information is provided to  UE informing when to check SIB for update [2]
Option#3: Virtual Tracking Area (mapping of TA and time) is configured to UE [3]
Let’s begin with option#1. But before that it is important to understand the previous agreements.

RAN2#113bis agreement:
RAN2 confirm that in NTN when TAC change in SI happens is up to network implementation, i.e. it may not exactly sync up with real-time illumination on ground.
RAN2#113 agreement:
In NTN, the UE determines the TA based on the broadcast information (the use of other information is not excluded). In any case RAN2 will not go in a different direction than other groups
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Figure 1 TAC update scenarios
Therefore, the UE would not know if it is physically in TAC1 or TAC2 geographical area. What the UE knows is it is in the geographical area covered by the broadcast TAC.
Q1. Is  it your understanding that if the UE does not map it’s geographical location to TAC, the UE registered with TAC1 might be physically present in (or moved into) the earth fixed tracking area logically belonging to TAC2 without triggering registration (where the UE may not be registered with TAC2)?
	Company
	Hard TAC update (Yes/No)
	Soft TAC update (Yes/No)
	Comments

	Samsung
	The network may erroneously  register the UE in TAC1 if it is physically in TAC2.
	
	Sorry- the question is a little unclear
. If the TAC change occurs on the ground while SIB is broadcasting the TAC(s) being illuminated when SIB was created, the UE physically present in TAC2 (just to the right of the TAC1-TAC2 border) would miss a page message from the network if the network has correctly registered the UE in TAC2. Furthermore, such UE would need to send a registration request to the network, because it would not find its correct TAC2 in the SIB (which is broadcasting TAC1 because TAC1 was being illuminated when SIB was created).

To avoid such missed paging and to avoid registration signaling, the gNB should broadcast TACs that its beam/cell expects to illuminated during the entire SIB window (=currently illuminated TACs plus any future TACs up to the end of the SIB period). 

In general, soft TAC update approach requires multiple TACs to be broadcast. Hence, to reduce SIB overhead, a more compact version of TAIs/TACs should be broadcast by including the common part just once and non-common parts as needed for TACs.

	Qualcomm
	Yes
	Yes
	Since UE is unaware of TAC boundary, it can freely move without registration as long as cell broadcasts UE’s registered TAC.

So when the cell stops broadcasting UE’s registered TAC, there might be many UEs which are camping on the cell based on the same TAC that was just stopped.

	Huawei, HiSilicon
	It depends 
	Yes
	For hard TAU solution, it’s not clear when the TAC2 is added to SIB and TAC1 is removed. If only when the NTN cell leaves TAC1 and enters TAC2 completely the TAC changes in SIB, it’s possible to have some UEs who are only registered in TAC1 to perform TAU. But if TAC changes in SIB when the cell just begins to illuminate TAC2, almost all UEs need to perform TAU if their TAI list doesn’t include TAC2. That’s why we think hard TAU is not good enough.
For soft TAU solution, this case can happen and short message should be sent by network. But we think it needs to be done once, and not much UEs need to perform TAU.

	CATT
	Yes
	See comments
	CASE 1: When the cell completely exits the region of a TAC, it stops broadcasting that TAC in its system information immediately. 
In this case, system information includes all the covering TAC no matter how small the area is covered.  When a cell stops broadcasting a TA, UE in this Tracking area have already switched to another cell broadcasting this TA. 

So the UE registered with TAC1 might not be physically present (or moved) in the earth fixed tracking area logically belonging to TAC2 without triggering registration
CASE 2: When the cell completely exits the region of a TAC, it waits for a while before stopping broadcasting that TAC in its system information. 
In this case, when a cell stops broadcasting a TA, UE in this Tracking area also already switch to another cell broadcasting this TA. (same as CASE 1)

So the UE registered with TAC1 might not be physically present (or moved) in the earth fixed tracking area logically belonging to TAC2 without triggering registration
CASE 3: When the cell exits the primary region of a TAC, it stops broadcasting that TAC in its system information (stop a TAC before the completely exits the region of a TAC). 
Only in this case, the issue mentioned in the question may exist.
Summary:

· For case 1 and 2, it seems not necessary to notify UE of the change of TAC in SI.
· For case 3, we assume the case is possible but not a good implementation/deployment. As there is no benefit compared to Hard TAU.
Therefore, we propose only to consider the case 1 and 2 in RAN2, notification is unnecessary in these cases. (Of course the notification of SI change is allowed, using the legacy mechanism)

	Nokia
	No
	Possibly
	The issue is just at the cell borders, is temporary and easy to be fixed by proper contents of SI and SI update. For hard TAC switch, UEs will have to perform TAU.

	Ericsson 
	yes
	yes
	Agree with QC. It will bring periodically UEs it situation where they are unreachable by the network

	MediaTek
	Yes
	Yes
	Even if the UE moves, for moving beams, the paging area for moving beams will always be wider than the geographical area, as the paging message will be sent over the beam, covering more than one tracking area. Considering this, the UE movement does not make any difference to paging reception.

	Xiaomi
	No
	Yes
	Generally speaking, we think the answer is No for hard TAC update with earth fixed beam scenario and Yes for soft TAC update with earth moving beam scenario.

If the case in the question happened, we think the UE is still in the network coverage which is broadcasting TAC1, otherwise UE should perform TAU. 

	OPPO
	It depends
	Yes
	For hard TAC, it depends on when the cell stops broadcasting the old TAC. If it is when the cell completely leaves the old TAC’s region of a TAC, then all UEs will be served by the new cell broadcasting the same TAC again.

	Apple
	Yes
	
	Agree with Samsung.

	Intel
	Yes
	Yes
	With both hard and soft TAC, if the UE is only determining its location based on SIB information, there are regions where the broadcast information does not correspond to the geographical TAC and hence UE could be in another TAC geographical region and not be aware of it.

	ETRI
	No
	Yes
	In the case of a hard TAC update, a UE registered in TAC1 may be registered in TAC2, but for both hard and soft TAC update, UE would not know that the registered TAC of UE does not map to the physically located TAC.

	LG
	Yes
	Yes
	We can just keep simple principle – when TAC list is changed, if registered TAC is now absent, then UE triggers TAU. Thus, if the UE registered TAC1 but is physically locating at TAC2 area, it is not a problem if TAC1 and TAC2 is both broadcast.

	Spreadtrum
	Yes
	Yes
	If TAC list is modified at non-proper moment, UE in TAC 2 actually shall receive TAC list of TAC1 and TAC2, in this case, UE may register to TAC1.

	Thales
	Yes
	Yes
	

	BT
	Depends
	yes
	Hard TAC: depends when TAC1 is removed and TAC2 is added.

Soft TAC: a UE can move across TA borders. If TAC1 and TAC2 are broadcasted, nothing precludes a UE registered in TAC1 to access the network without a new registration when it is in TAC2 area.  

	Panasonic
	No
	Yes
	For hard TAC switch the TAU is mandatory. For soft TAC switch the UE can be located in any of the listed/combined Tracking Areas without change of its initial registration.

	CMCC
	Maybe
	No
	As shown in the figure, in the soft TAU scheme, if the network fill the TA List in a smart manner, i.e., the TAC which corresponding to the designated physical geographical area, e.g., TAC2 corresponding to physical geographical area #2, always exist in the TAC list, with the TAC (e.g. TAC#1, and TAC#3) corresponding to neighbour areas been added to or removed from the list when the satellite sweeping through the border area. Anyway, the TAC corresponding to physical geographical area will always exist in the TAC list if the network correct fills the TAC list. So, we assume that the issue in the question 1 will not exist.
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	Rakuten Mobile
	Yes
	
	Agree with Samsung 


RAN2#113bis agreementb
When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)

For option#1, network will send short paging message in all possible POs of all UEs at least once during SI modification period. Network would not know if the UE missed the paging or didn’t receive correctly, therefore, network implementation might repeat the paging to UEs.

This would require consuming precious paging resource. For UEs, any paging for MT call will be delayed. In addition, UE would not know if the paging message received is due to solely TAC update or really due to the change in important SI parameters. 
Q2. Do you agree that paging for SI update notification triggered by the stop of TAC1 (but keeps broadcasting TAC2) is unnecessary to those UEs that are registered to TAC2? (i.e., paging does not indicate whether the cell stopped broadcasting TAC1 or TAC2).
	Company
	Yes/No
	Comments

	Samsung
	Pl. see comment
	If a gNB constructs the TAC List as we described in Q1 Response, this situation would not arise. Additionally, if one gNB cell stops broadcasting a given TAC, another cell should be broadcasting it and the UE would have done cell reselection to such better cell. Hence, it is possible to avoid such situation through proper gNB implementation.
Please note that the soft update approach is very complex to implement at the gNB for Earth-moving beams, because the gNB needs to keep the time mapping between the Earth-fixed TACs and the beam coverage of its cells to determine exactly what TACs to broadcast in a given SIB at a given instant. To avoid missed paging or unnecessary paging to inform UEs, the gNB should properly create the TAC List as we specified in Q1 Response.

	Qualcomm
	Yes
	If cell is broadcasting multiple TACs, say TAC1 and TAC2, then when cell stops broadcasting TAC1, the UEs which are registered to TAC2 are not required to receive the paging (not required to know the update).
However, network does not know how many UEs or which UEs in the cell are registered to TAC1 but not TAC2 so it cannot avoid sending paging notification.

	Huawei, HiSilicon
	Yes
	If the TAC change doesn’t affect one UE, it’s not necessary to make UE know this change.

	CATT
	-
	See comments above.

	Nokia
	Yes
	As long as UE’s registered TAC is available, no need to page such UE and request to perform any updates.

	Ericsson
	Yes
	It is quite poor resource utilization for force in practice paging for TAC update which is frequent. See some calculations in later responses

	MediaTek
	Yes
	SI update notification will not be needed for UEs registered to TAC2. However, this SI update will not trigger TAU for those UEs.

	Xiaomi
	Yes
	There is no need to indicate UE which will be not affected by the TAC change.

	OPPO
	No
	What does it mean by stating “paging for SI update notification is unnecessary”? SI update notification is broadcasted in the whole cell for all UEs, as network does not know which specific UE needs to know the TAC change. This does not increase any additional signaling. 

	Apple
	Yes
	Same as Q1. 

	Intel
	Yes
	UEs in TAC2 does not need to be aware that TAC1 was removed and hence there is no need to page for SI update.

	ETRI
	No
	The paging can be triggered but UE does not do TAU if TAC belongs to UE is broadcasted. 

	LG
	Yes
	We agree that UEs whose registered TAC is still broadcast does not need to acquire the paging message. However, once SI is modified, UEs should acquire the SIB again. So what does “paging for SI update notification is unnecessary” intend to say?

	Spreadtrum
	Yes
	UEs in TAC2 does not need to be indicated that TAC1 has been removed from TAC list.

	Thales
	Yes
	

	BT
	Yes
	As Nokia pointed, when UEs have their TAC available, they don’t need to be paged.

	Panasonic
	Yes
	Agree with Nokia.

	CMCC
	-
	See comments in q1

	Rakuten
	Yes
	


Q3. Do you agree that paging for SI update notification triggered by the stop of a TAC is inefficient in terms of paging resource consumption?

	Company
	Yes/No
	Comments

	Samsung
	Yes
	If the gNB does not create SIBs properly and if the UE procedure is not modified, excessive paging can occur. We need to broadcast a predictive TAC list (as we explained in Q1 Repsonse) and then enhance the UE procedure such that the UE processes the SIB only once per cell reselection.

	Qualcomm
	Yes
	TS 38.331 says “Repetitions of SI change indication may occur within preceding modification period.” It will be very inefficient for such repetitions.
In addition, main concern is that paging notification has to be sent every time a cell crosses a tracking area boundary, and this may become frequent in a cell.

For example, with LEO and fixed/non-steerable antenna, cell velocity over the ground will be around 7.5 km/s. With tracking areas of 500 km in size, a new tracking area would be entered about every 67s and, separately, an old tracking area would be exited every 67s.

	Huawei, HiSilicon
	Yes
	It’s not so efficient, but it can work. And this is already supported in current spec. As TAC is in SIB, and network can send short message when any part of system information has changed. And we don’t think paging for TAC change in SI is frequent.

	CATT
	-
	See comments above.

	Nokia
	
	We agree with Huawei. There are some drawbacks, like in every solution, but in our understanding, this is not an extremely frequent issue to tackle. Even QC’s calculations shown above tend to confirm that (i.e. the need for update every few minutes).

	Ericsson
	
	The tracking area size QC mentions is quite large and yet one needs to update in every minute. If tacking area is in soma areas half of it, 250km, it will be every 30s.

Note that at the same time we have discussions that cell size need to correspond to terrestrial case. It is likely that tracking areas are smaller than now depicted in practice to fullfill regulatory requirements.  

	MediaTek
	Negligible
	The overhead is negligible.

	Xiaomi
	Yes, but 
	The legacy SI update indication is no so efficient, but the good network planning can avoid frequently SI update indication for TAC changing. 

	OPPO
	-
	Since NW would anyway need to inform those UEs who registers TAC2 and NW does not know who those UEs are, paging for SI update notification is needed. We don’t see additional overhead.

	Apple
	Yes
	For the earth moving case this is definitely not negligible overhead. 

	Intel
	Yes 
	Yes, in terms of number of Paging messages based on this scheme of broadcasting TAs.

	ETRI
	-
	The overhead can be negligible.  

	LG
	
	We wonder it really consumes the resource. For earth-fixed beam, the cell only needs to update the system information once when it steers to new cell coverage area. For earth-moving beam, while sweeping on the ground, the cell just needs to update the TAC when the cell coverage enters new TAC area or leaves registered area.

	Spreadtrum
	Yes
	The paging overhead is huge.

	Thales
	Yes
	

	BT
	
	We don’t see this problem for LEO semi-static beams.

For moving beams, we agree with Huawei, Nokia and Ericsson.

	Panasonic
	Yes
	Agree with Samsung.

	CMCC
	-
	See comments in q1

	Raktuten 
	Yes
	Agree with Samsung.


Q4. Do you agree that paging for SI update notification triggered by the stop of a TAC will impact (or delay) delivery of paging for MT call?

	Company
	Yes/No
	Comments

	Samsung
	Yes
	This can happen but it is possible to avoid this situation as explained earlier.

	Qualcomm
	Yes
	If every possible PO in a paging cycle is used, the paging for MT call will be delayed.

	Huawei, HiSilicon
	No
	Short message is transmitted on PDCCH, and paging message is transmitted on PDSCH. Since in one DCI, both short message and paging indication can be conveyed, we don’t think it will delay the MT call.

	CATT
	No
	Reasonable TA update in SI can avoid the SI update notification.
Please see our comments in Q1 for details.

	Nokia
	No
	We understand QC brings an extreme (how likely to happen?) case of all POs occupied by SI update related signalling.

	Ericsson
	Yes
	Paging is already limited and slow for NTN cells as studied during SI. Occupation of PO resources for TAC update notifications will delay paging of Ues further. This does not require that ALL Pos would be taken by TAC updates but already that some are.
A Radio Frame (RF) that includes one or more Paging Occasions (PO) is called a Paging Frame (PF). Every Radio Frame can potentially be configured to be a PF. In a non-multibeam scenario 4 out of 10 subframes per PF can be used for paging, that is there can be at most 4 PO per PF. A paging message can only be sent in a PO. The paging message can at most include 32 paging records in the paging message where each paging record includes the UE identities of the Ues being paged. The theoretical paging capacity as maximum number of Ues paged per second in an NR non-multibeam cell is thus limited by
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As each RF can be configured to be a PF, the resulting maximum paging capacity with 100 PF per second is thus [image: image6.png]4 x 100 =400



 PO per second. This implies that theoretically, an NR cell can page [image: image8.png]32 x 400 =12 800



 Ues per second, or equivalently, more than 46 Million Ues per hour [image: image10.png](12 800 x 60 x 60)



. 
The theoretical capacity should be compared to the expected number of users in an NTN cell. If we assume ellipsoid NTN cells with r1 = 250 km and r2 = 200 km, the cell area becomes 157 000 km2. The user density to be supported by an NTN cell was discussed in SI. One number proposed during the discussions is 400 users per km2, which would then result in almost 63 Million users per cell. 

Assuming that these Ues need to be paged at least once per hour, approximately 73% of them can be paged per hour because of the previously calculated maximum of 46 Million paging messages per hour. Or equivalently, the paging channel is overloaded by ~137%. Assuming instead that only 20% of all Ues in a cell need to be paged, and only once per 24 hours, then [image: image12.png]0.2 x 63 x 10%/24 =~ 525 000



users need to be paged per hour, using less than 2% of the capacity of the paging channel. 
The number of Ues that is feasible to be paged per hour will most likely be limited by other means than the available paging occasions. Therefore, the paging capacity should also be considered together with the cell’s capacity to support Ues accessing the cell. After being paged, the UE accesses the cell using a random-access procedure which starts by the UE transmitting a random-access preamble on the physical random-access channel (PRACH). An idle mode UE reads from system information, that is broadcasted by the cell, which preambles can be used and which uplink time slot to be used. 

The PRACH provides a slotted aloha type of access. The PRACH preamble collision probability between contending system access attempts on a PRACH radio resource can be calculated as:

[image: image13.png]P(collision)




Where M equals the number of configured access opportunities per second, and [image: image15.png]


 is the random-access arrival rate per second. In a cellular system, the collision likelihood is usually kept at a level as low as 1% to secure a high quality of service. With P = 0.01 and [image: image17.png]M = 525 000/(60x60)=145



arrivals per second we need to provide approximately [image: image19.png]100 x 145



preamble opportunities per second and cell in order to support the Ues accessing the cell. A higher accepted collision rate would reduce the PRACH capacity consumption. It is however relevant to keep the collision rate low as the random access performed by idle mode Ues is contention-based, which means more than one UE may select the same preamble and send it on the same uplink time slot. If a collision occurs, or if the network is not able to correctly detect the preamble used, the UE is not receiving the so-called message 2 (MSG2) and needs to resend another preamble (MSG1). Note that in addition to Ues that have been paged, also idle mode Ues performing mobile originated access, or Ues that have data to send, would perform contention-based random access and thus compete for the same RACH resources.

If we assume that every uplink slot is configured for random access and 56 preambles are allocated for contention-based random access, we get that [image: image21.png]14500/ 56 = 259



 subframes per second are needed which gives a RACH load of approximately 26% i.e. the number of needed occasions divided by the number of available occasions per second.  It should be noted that this assumes that the gNB can detect all 56 preambles in those slots and that 8 preambles are left for the cell to be configured for contention-free random access which is used e.g. for handovers. These calculations show that even with very modest user densities and data arrival rates, paging and RACH capacities might become an issue for large NTN cell areas. 

The above conclusion is WITHOUT any TAC PO occupation.

	MediaTek
	No
	SI update is sent to all Ues. It should not impact the paging of any MT call.

	Xiaomi
	No
	If paging capacity is not enough, we should study the enhancements of paging mechinisam.

	OPPO
	No
	Short message and paging for MT call can be sent in the same message. Why will paging for MT call be impacted/delayed?

	Apple
	Yes
	

	Intel
	No
	SI modification in NR is based on Short message as mentioned by Huawei.

	ETRI
	No
	Agree with Huawei.

	LG
	No
	As Huawei commented, different channel is used for SI change and MT call paging. So it would not affect each other.

	Spreadtrum
	Yes
	Considering the large size of NTN cell, and the UE number, paging capacity may be not enough. The group paging in MBS could be applied to save the paging capacity.

	Thales
	Yes
	

	BT
	No
	In principle, we don’t expect this problem.

	Panasonic
	No
	Agree with Huawei/HiSilicon.

	CMCC
	No
	

	Rakuten
	No
	Agree with Huawei, Don’t think it’s a major issue.


For Option#2, network does not need to trigger SI update notification procedure. Instead, a time information can be provided to let UE know when it can come back and check SIB to get updated on TAC. 
According to TS 38.331 SIB9, the timeInfo field can provide, among other things, timeInfoUTC (39 bits) which indicates the UTC time counting the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). However, according to [2], reference time can be SFN = 0 significantly reducing the signalling overhead. The additional overhead with such time information can be as low as 8 bits. 

Also, according to [2] the time information signalling does not need to be per TAC (its not overhead per TAC). Rather it can be per PLMN or per cell.

Q5. Do you agree that UTC time does not need to be broadcast to provide (hard or soft) TAC update time information to UE to reduce signalling overhead (i.e., simply count since SFN = 0 can be broadcast)?

	Company
	Yes/No
	Comments

	Samsung
	Yes
	If time-based option is used, the 
ignalling load would reduce. However, the problem with both option 1 and option 2 is that SIB CANNOT be changed in the middle of the SIB window (e.g., SIB1 must have the same info in the SIB1 period of 160 ms) and TAC change on the Earth’s surface areas can occur anytime including within the SIB window.  A realistic, reliable, and efficient soft TAC update approach in our view is creation of a predictive list by the gNB to cover the entire SIB period and requiring the UE to process TACs just once per cell reselection.
For reliability, we should not implement option 1 or option 2. 

To avoid paging costs, we should not implement option 1.

A suitable TAC list with compact TAI representation is adequate. Of course, the gNB and the UE complexity would be high whenever the soft update approach is used for Earth-moving beams.

	Qualcomm
	Yes
	But we certainly can discuss the other options.

	Huawei, HiSilicon
	Not sure
	We think it depends on the TAC size, and if the TAC is large enough, how to deal with the SFN wrap around. Considering the periodicity of SFN is 10.24s and satellite moving speed is 7.5km/s, it means SFN wraps around every 750km.
[QC-2] see [1] also Ericsson just clarified. SFN wraparound is easily handled. Here is example
Reference SFN = 0

remainSFN-Wraparound-r17 = 2 (new signalled counter like H-SFN, 4 bits)
remainSI-ModPeriod-r17 = 3 (new signalled value, 4 bit)
SI modification period (m) = 128

current SFN = 512

The remaining time for TAC update = 2*10.24 + 3*128/100 – 500/100 = 19.2s.

So simply 8 bits (4 + 4) can cover 16*10.24s or 163.84s which translates to tracking area of 1222km which is more than sufficient.

	CATT
	No
	See comments above.

	Nokia
	No
	One correction to Huawei’s calculations – it will wrap around every 75 km, not 750 km. As QC calculated above, if we assume 7.5 km/s and TAC size of 500 km then how can the SFN work efficiently?

[QC-2] Please see above, yes it can work efficiently.
In a nutshell, SFN reference has a limited applicability, while signalling UTC is excessive in terms of size.

	Ericsson
	Not sure
	It could be HSFN as well. That was agreed to be supported in another WI, NPN?

	MediaTek
	Yes
	There is no need to broadcast the UTC time.

	Xiaomi
	Not sure
	We think it needs more study.

	OPPO
	Yes
	No need to broadcast the UTC time. SI update notification can be used.

	Apple
	Not necessary
	

	Intel
	Not sure
	We share the view that H-SFN (that will be defined for R17 NR eDRX feature) could also be used for this (assuming that its range of time is sufficient for NTN scenario).

	ETRI
	No
	There is no need to broadcast the time information.

	LG
	Yes
	It is not really necessary.

	Spreadtrum
	No
	Time information is not needed to be broadcasted.

	Thales
	Yes
	Agree with SS

	Panasonic
	Yes
	Frame count should be sufficient.

	CMCC
	No
	It is not necessary to broadcast UTC time, and other options could be considered.

	Rakuten
	No
	As other companies commented SFN is limited in scope.


Q6. Do you agree that time information on when a TAC broadcasting is stopped can be signalled to UE via NTN specific SIB that carries ephemeris (not necessarily in SIB1)?
	Company
	Yes/No
	Comments

	Samsung
	Yes
	However, both option 1 and option 2 have reliability issue.

	Qualcomm
	Yes but
	If a single time for all TACs per cell is signalled, then SIB1 can be used as the extra overhead would be small.

	Huawei, HiSilicon
	No
	If TAC information is in a specific SIB other than SIB1, it affect all UEs. When UE performs cell selection, it has to read SIB1 first and get the scheduling information for other SIBs, then there is a delay and extra power consumption to determine if it is a suitable cell. 

	CATT
	No
	Reasonable TA update in SI can avoid the SI update notification.

	Nokia
	No
	We see no benefits of this approach, while it introduces several challenges (e.g. the signalling overhead).

	Ericsson
	yes
	The tradeoff speaks for this solution. Further, as this info can be optional it also allows network to run in the mode Nokia&Huawei are promoting. Thus it leaves the selection to actual implementations and allows to even test what works in which deployment best. If we don’t specify it, there is no choice for implementation. E-g- TA size may heavily depend on country size and where country boarders are. It would be better to be flexible from specification perspective.

	MediaTek
	No
	There is no need to broadcast the time information.

	Xiaomi
	No
	At now, the idle UEs always need to monitor paging based on DRX cycle. If the option 2 is introduced, it requires idle UE to wake up frequently to read system information even if UE is not in the DRX on duration, and it means the timing information will override the DRX configuration, it will change the UE behaviour and lead more UE power consumption. 

	OPPO
	No
	No need to broadcast the time information.

	Apple
	No
	There is no need to broadcast this information. We see no benefit in this approach. 

	Intel
	yes
	Taken into account that this time information may be in term of HSFN as explained above

	ETRI
	No
	There is no need to broadcast the time information.

	LG
	No
	Upcoming TAC information is not necessary.

	Spreadtrum
	No
	Not need to broadcast the time information.

	Panasonic
	Yes
	Broadcasting of (a) specific TAC(s) correlates with the illumination period of a particular satellite. Hence the information about the orbit of the satellite and its position at a certain point of time and its speed on that orbit should is combined with the availability of (a) specific TAC(s).

	CMCC
	No
	We cannot see the case which need the time information.

	
	
	


Q7. Do you agree that providing cell specific time information for the next TAC update can be considered as an option for network to notify UE in addition to legacy SI update procedure? Please indicate for both hard and soft TAC mechanisms.
	Company
	Hard TAC update (Yes/No)
	Soft TAC update (Yes/No)
	Comments

	Samsung
	No
	No
	The achievable time resolution would not be adequate to address intra-SIB period TAC change that can occur anytime and is essentially beyond the network control.

	Qualcomm
	Yes
	Yes
	Regardless of whether this is supported or not, network can always have option to send paging notification. However, main point is network should not have only this inefficient option of paging to notify TAC update.
If such time information is absent, we can define that UE depends on paging notification.
There is no additional complexity involved in broadcasting time information.

	Huawei, HiSilicon
	No
	No
	This timing information has to be per TAC to let UE know when a TAC will disappear in SIB. And more importantly, this information has to be provided to NAS, as only NAS knows what the TAI list looks like. And then when all the TACs in TAI list disappear in SIB, NAS should trigger AS to read SIB again. We see this solution has to get NAS involved, which makes it more complicated.

	CATT
	No
	No
	

	Nokia
	No
	No
	Agree with Huawei regarding the complexities involving NAS. In our understanding, the scheme without timing/validity can also work. The gains from this concept are a bit questionable, compared to the complexities it brings (signalling overhead, NAS impact, etc.)

	Ericsson
	yes
	yes
	The timing info is as accurate as specified. It is definitely better than relying on SI notification boundaries. 

	MediaTek
	No
	No
	There is no need for it. We need a baseline working solution in Rel-17.

	Xiaomi
	No
	No
	See comments in Q6.

	OPPO
	No
	No 
	Legacy SI update procedure can work.

	Apple
	No
	No
	Agree with Huawei. 

	Intel
	Yes
	Yes
	It should be left up to network implementation the decision on whether/when to broadcast or not time information associated with a given TAC. Understanding that if it were not be provided, network may rely on paging approach.

	ETRI
	No
	No
	

	LG
	No
	No
	We think existing SI update procedure is enough.

	Spreadtrum
	No
	No
	Current SI update procedure is enough.

	Panasonic
	No
	No
	Agree with Huawei/HiSilicon.

	CMCC
	No
	No
	

	Rakuten
	No
	No
	Agree with Huawei


The third option is virtual tracking area proposed in [3]. In this proposal, the UE and network need to have same mapping (for VTA#x) to be synchronized at what time UE belongs to what TA broadcast by a cell.
Table 1. Mapping between VTAs and TAs [2]
	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…
	.
	.
	.
	.
	.
	.
	.


In this case, SA2 may need to be involved in the VTA configuration and mapping of TA.

Note that this concept is similar (though configuration detail can be different) to solution 1 proposed during SI phase, see TR 38.821 subclause “8.2.2.1  Solution 1: Timing window based Registration update and paging” and this was not agreed. 
Q8. Do you agree RAN2 can 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? If yes, please indicate whether LS needs to be sent to SA2.
	Company
	Yes/No
	Comments

	Samsung
	Yes
	Dear NTN Colleague: We understand that we are in a minority at this time about the VTA approach! However, for Earth-moving beams, implementation of the soft TAC update approach is quite complex for the gNB because the gNB needs to keep updating its TACs in the NTN cells it controls. Different NTN cells would cross different Earth-fixed TAs at different times and such changes can easily occur within SIB windows. Furthermore, the UE needs to compare its TAI List with multiple TAIs. The VTA approach simply uses the mapping between the Earth-fixed TAs and the TAC broadcast by the gNB. The UE and the AMF has such mapping. The gNB has zero impact and does not need to know the VTA-TAC mapping. SIB has zero impact. The gNB simply transmits a single constant TAC like R16 regardless of the geographic area it is illuminating. The UE compares this single broadcast TAC with its TAI List (=list of VTAs) only once per cell reselection. 

We request that RAN2 give the gNB vendors an option of the VTA-based TA management in addition to the soft TAC update approach. At the very least, the VTA approach should be compared with the soft TAC update approach for Earth-moving cells before deciding not to pursue it. The VTA approach can be used for all types of beams.
We would be happy to answer any questions about the VTA approach. Feel free to review R2-2106069 (co-authored by Samsung, Apple, and Rakuten Mobile) for VTA details. Thank you.

	Qualcomm
	No
	CN and UE need to have same mapping for sending paging, so this solution requires discussion in SA2. During the SI in SA2, there was a proposal in TR 23.737 (as part of Solution #12 in clause 6.12) to support virtual cells and virtual TAs but it was not agreed due to expected extra high impacts. We think that SA2 agreement on VTAs at this stage would be extremely unlikely (e.g. SA2 stage 2 finishes in June).

	Huawei, HiSilicon
	No
	Current short message mechanism can work, and we don’t see further enhancement is needed.

	CATT
	No
	It seems have a lot impact for legacy mechanism. We suggest to postpone.

	Nokia
	No
	We have commented multiple times that this solution does not resolve the actual problems, but in our view just moves them to other entities to do the mapping, etc.

	Ericsson
	No
	Similar has been considered earlier.

	MediaTek
	No
	It is not needed at this time. 

	Xiaomi
	No
	It can be considered in the future release.

	OPPO
	No
	Legacy SI update procedure can work.

	Apple
	Yes
	We see that this approach will at least reduce some of the in-efficiencies in the earth moving cases. Request our NTN colleagues to read through the contribution R2-2106069.

	Intel
	No
	SA2 work on 5GSAT_ARCH WI is almost completed, and it is unlikely that SA2 will be able to discuss this.  

	ETRI
	No
	It is better to discuss in the next release.

	LG
	No
	We do not see any benefit of this proposal and we think how to set the tracking area is up to network implementation.

	Spreadtrum
	No
	VTA solution is complex.

	Thales
	No
	

	Panasonic
	No
	Soft TAI update mechanism should be sufficient.

	CMCC
	No
	We prefer to postpone this since it seems complex.


3. Conclusion

To be update
No table of contents entries found.
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�Mainly issue is UE mobility. UE may be correctly registered with TAC1 when UE was in TAC1 region. But UEs may freely move to TAC2 region and so on as shown in figure.
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