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1	Introduction
In the RAN2-116 meeting, RAN2 reached many agreements on the MAC timer adaptation for IoT NTN while it is still FFS on the offset of RA window start. In addition, for the TA information reporting, RAN1 reached agreements on UE-specific TA reporting for UE in RRC Connected mode and RAN2 is expected to design details for the UE location information reporting. 
In this contribution, we will discuss them further and provide our view.
2	Discussion
2.1	Left issue for IoT NTN timers 
RAN2-115e meeting agreed to introduce an offset to delay the start of the ra-ResponseWindow (named delay offset here) for IoT NTN. Following that, RAN2-116e meeting further agreed that the delay offset is defined as sum (current offset, UE-eNB RTT) and current offset is defined in TS36.321. However, there is still an FFS on whether if the definition of the delay offset is appliable to NB-IoT for the case of 41ms current offset and UE-eNB RTT < 41ms.
	RAN2-115e meeting agreement:
Start of ra-ResponseWindow is delayed by an offset. Postpone discussion on the offset value until further agreements regarding RACH are made in RAN1.
RAN2-116e meeting agreement:
The ra window start offset is defined as sum (current offset, UE-eNB RTT) and current offset is defined in TS36.321 (FFS if applicable to NB-IoT 41ms offset)




Observation 1: RAN2 agrees that for eMTC and NB-IoT the offset to delay the start of the ra-ResponseWindow is defined as sum (current offset, UE-eNB RTT), but FFS for NB-IoT secanrio where the current offset is 41ms and UE-eNB RTT < 41ms.
With the assumption that the UE-eNB RTT can be estimated by UE, in last meeting, there are three options proposed by companies:
· Option 1: The offset is defined as max (current offset, UE-eNB RTT), where the current offset is fixed to 3 subframes for eMTC, and can be either 4 subframes or 41 subframes for NB-IoT as defined in TS36.321.
· Option 2: The offset is defined as sum (current offset, UE-eNB RTT) and current offset is defined in TS36.321 as Option1. 
· Option 3 for NB-IoT: There is issue with both option 1 and option 2 for NB-IoT for the case of 41 subfrmaes and UE-eNB RTT < 41 subframes. FFS for this case.
In the case current offset is 41ms while UE-eNB RTT < 41ms, the UE-eNB RTT is shorter than the current offset value. So, for Option1, the delay offset value is determined as the current offset value (e.g. 41ms) but the earliest time of UE expected RAR is determined by the actual UE-eNB RTT (e.g. < 41ms). Hence, there is a gap between the arrival time of RAR and the time UE start the ra-ResponseWindow. To avoid UE from missing RAR, after receiving preamble, eNB needs to estimate how long it should wait at least to send PDCCH for RAR based on the difference between current offset value (i.e. 41ms) and UE-eNB RTT. However, eNB has no knowledge of the exact UE-specific UE-eNB RTT before RACH and after receiving preamble. With Option 1, it is difficult to align the RAR occasion between UE and eNB. We think Option1 is not feasible for NW.
Option2 is simple and follow the NR NTN agreement on the start of RAR window. There is no need for NW to care about the UE-eNB RTT. eNB just waits for the current offset as legacy to delay the sending of PDCCH for RAR. It naturally avoids the misalignment on RAR window between UE and eNB. Considering that Option2 has been agreed for NR NTN and all IoT NTN cases except the FFS for current offset=41ms, we believe it is reasonable to define a unified solution for all scenarios unless there is significant issue with the solution. 
Proposal 1: The offset to delay the start of ra-ResponseWindowSize is defined as the sum (current offset, UE-eNB RTT). It can be applied for all IoT NTN cases, including NB-IoT with current offset=41ms.

2.2	TA information reporting
In the RAN2-115e and 116e meeting, there were discussions on TA information reporting from UE to NW. RAN2 agreed that UE should report the TA information to network to facilitate scheduling and avoid UL-DL collisions for half-duplex in IoT NTN. Some agreements have been reached following what agreed in NR NTN. Since the topic is also discussed in RAN1 for the requirements on the TA information reporting, RAN2 expects RAN1 to make progress on this topic and the outcome from RAN1 can be used as input for RAN2 design.
	RAN2-115e meeting agreement:
RAN2 assumes that TA information (FFS what) reporting by the UE on network enabling will be needed in IoT NTN. Expect RAN1 need to progress on this, and can maybe reuse NR NTN progress. FFS in which message this is provided.
RAN2-116e meeting agreements:
Support UE-specific TA reporting using MAC CE in Msg3/Msg5 for IoT NTN.
For IoT NTN, UE specific TA reporting during RACH procedure (MSG3/MSG5) in RRC IDLE is enabled/disabled by SI, similar with NR NTN.
Support TA reporting in RRC connected mode in IoT NTN.
UE-specific TA report uses MAC CE.
Support event-triggered for TA reporting in connected mode. Wait for NR NTN agreements for other triggers.



2.2.1 TA information reporting for UE in RRC Connected mode
At RAN1-107 meeting, RAN1 has agreed that NW can configure UE-specific TA reporting either as TA or UE location for connected mode UE. In case the UE location is configured, RAN2 not only has to design solutions on how UE reports the location information, but also decides whether the UE should support UE location reporting. 
	RAN1-107 meeting Agreement:
Network can configure UE-specific TA reporting either a TA or UE location for connected mode UE
· In case a TA is configured, NR NTN solutions are a baseline for the following UE-specific TA handling issues,  
· Signaling – quantity (full or delta), range, number of bits  
· Granularity of report
· Frequency of reporting
· Means of reporting
· NOTE: Any changes needed for IoT NTN can be made.
· In case the UE location is configured, RAN2 will design solutions for the UE location information, and it is left to RAN2 to decide whether to support UE location reporting  



Observation 2: For UE in RRC Connected mode, RAN1 has agreed that NW can configure UE to report either UE-specific TA or UE location for the purpose of TA reporting.
At RAN2#115 (August 2021) RAN2 has sent multiple liaison statements concerning UE location reporting and use those were mainly targeting SA WG3 and the intention was to verify if the user consent shall be given prior to any reporting of UE’s location. SA3 have provided the answers to the questions in [1], [2] and [3]. Though it is for NR NTN, we think it can be applied for IoT NTN as baseline.
As we discussed in paper [6], in the LS response [1], SA3 confirm NTN specific user consent may be required (in some countries/jurisdictions, for example), before the RAN can request the UE to report its location. In the LS response [2] and [3], SA3 express further concerns, related to UE location reporting in unprotected manner. Among the others, it is claimed that:
· GNSS-based UE location information shall be provided after AS security is established as this ensures integrity protection.
· SA3 thinks there may be a privacy concern when UE sends unprotected location information.
Based on SA3 responses, it is our understanding that, if the AS security is established (to avoid unprotected location information) and the NTN specific user consent is stored in RAN/eNB, then eNB can request UE report its location. 
Proposal 2: For UE in RRC Connected mode, RAN2 to confirm that, eNB can request UE to report its location if the AS security is established and the NTN specific user consent is stored in the eNB.
Regarding whether UE should support UE location reporting, RAN1 has discussed the topic throughout several meetings for both UE-specific TA and UE location reporting. For UE-specific TA reporting, there are several issues to be addressed for IoT NTN due to half duplex mode and repetitions for coverage enhancement. Below are the items captured in [4]:
· 1) Reporting each UE specific Timing Advance change leads to higher uplink signalling load and power consumption than location reporting. Even for stationery UE, frequency of TA reporting will be much larger, e.g. 6-11 times in some cases, than for location reporting.
· 2) TA reporting may cause additional large UL resource utilization with UL repetitions, and also cause large power consumption and reduce resource efficiency.
· 3) repetition of TA reporting may be out-of-date and invalid as assistance for network due to repetitions.
For UE location reporting, it has advantages over UE-specific TA reporting since it can solve the issues mentioned above and in addition be used by the network to map Cell ID and select the correct MME. The main concern is about the security on location reporting. With the SA3 responses, we believe the concern has been addressed if eNB can achieve the NTN specific user consent for the UE after AS security establishment. Hence, it is eNB’s decision on which content to be reported by UE for the purpose of TA information reporting.
Proposal 3: For UE in RRC Connected mode, for the purpose of TA reporting, it is eNB’s decision to configure UE to report either UE-specific TA or UE location information if the AS security is established and the NTN specific user consent is stored in the eNB.
Regarding which content is to be reported to NW, for NR NTN, RAN2-116e meeting agreed NW can configure it with dedicated signalling. This principle should be followed in IoT NTN. 
	RAN2-116e meeting agreement:
3.	In case UE location information can be reported to network, dedicated signaling is used to configure UE to report the UE location and/or the UE specific TA information for the purpose of TA reporting in connected mode. FFS if both mechanisms are needed in parallel



However, since RAN1 only agreed “Network can configure UE-specific TA reporting either a TA or UE location for connected mode UE”, we propose following for IoT NTN:
Proposal 4: Dedicated signalling is used to configure UE to report the UE location or the UE specific TA information for the purpose of TA reporting in connected mode.
In NR NTN, RAN2#115 (August 2021) agreed that the content of the UE location is finer location information/full GNSS coordinates. For IoT NTN, we think the same principle can be followed.
	RAN2-115e meeting agreement:
1.	If accepted by SA3, if the gNB has user consent to obtain UE location in NTN, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED can be supported after AS security is enabled



Proposal 5: The UE location information to be reported to NW is finer location information/full GNSS coordinates.
Regarding the message to report the TA information, for NR NTN, RAN2-115e and RAN2-116e agreed that MAC CE is used to report UE specific TA information while RRC signalling is used to report UE location information. We think IoT NTN can follow the same principle.
	RAN2-115e meeting agreement:
· If the reported content of information about UE specific TA is UE location information in connected mode, RRC signalling is used to report.
RAN2-116e meeting agreement:
· If the reported content of information about UE specific TA is TA pre-compensation value in connected mode, MAC CE is used to report



Proposal 6: RRC signalling is used to report UE location information.
For NR NTN, RAN2#115 (August 2021) agreed that event triggered-based UE location reporting and periodic location reporting can be supported for the target of Cell ID mapping and AMF selection which is requested by RAN3. In our view, for the TA reporting purpose, the event triggered UE location update should be supported. However, the periodic location reporting is not necessary because the UE may be stationary thus it is not needed for the UE to report its location periodically. Only when the UE’s TA change is larger than a threshold (e.g. 1ms), UE should report its location to NW to enable the NW to update the K_offset for UL scheduling. This is quite important for IoT considering the limited air interface resource due to limited bandwidth and channel repetition requirements for transmission.
	RAN2-115e meeting working assumption:
1. Event triggered-based UE location reporting are configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED.	
RAN2-115e meeting agreement:
2. Periodic location reporting can also be configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED. RAN2 discuss whether it is part of existing periodic measurement report configuration or a new configuration for periodic reporting of UE location.



Proposal 7: If the content of TA reporting is UE location information, the event triggered-based UE location reporting should be supported.
In the case the information to be reported is UE location information, both NW and UE should predict the TA based on UE location and satellite ephemeris data. If UE is stationary, the NW can perfectly predict the actual TA which the UE will experience, both at the time of reporting and at future point(s) in time, hence no UE location updated is needed. 
If the UE is moving, the UE should calculate a reference TA between UE and satellite from the last successfully reported location and the satellite positions for the current time. The UE should also calculate an actual TA between UE and satellite from the current UE location and the satellite positions for the current time. Only if the actual TA and the reference TA deviation exceed the network configured TA change threshold, the UE provides a location update. 
Proposal 8: For UE location information update, if the UE detects that the TA deviation between TA estimation based on current UE location and the TA estimation based on last successfully reported UE location is larger than network configured threshold, the UE should send a location update to the NW.
On the other hand, if UE-specific TA is configured by NW for TA information reporting, there are several aspects need to be further discussed:
1. What is the UE-specific TA report contents?
2. What is the exact logical channel priority of the TA report MAC CE?
3. On top of event-triggered reporting, any other trigger should be supported for the reporting update?
4. Whether UE specific TA reporting during RRC Connected mode RACH is controlled by enabling/disabling indication in SI?
The open issues above were discussed in RAN2-116e meeting for NR NTN while no conclusion yet [5]. Since the discussions will be continued in RAN2-116bis meeting, we think it is not needed to duplicate the discussion in IoT NTN. The NR NTN agreements can be taken as baseline, and any changes needed for IoT NTN can be made later. 
Proposal 9: On how to support UE-specific TA reporting in IoT NTN for UE in RRC Connected mode, wait for NR NTN agreements and see if they can be reused.

2.2.2 TA information reporting in initial access
Per agreement from NR NTN (in RAN2-115e meeting), UE may report coarse location in Msg5 via RRC for Cell ID mapping and AMF selection which is requested by RAN3. 
	Agreements via email - via offline 102:
1.	If SA3 has no concern reporting coarse location during initial access, the coarse location information is reported in Msg5, i.e., via RRCSetupComplete/RRCResumeComplete message.



However, in the LS responses from SA3 [2][3], SA3 expresses concerns related to UE location reporting in unprotected manner since there may be a privacy concern when UE sends unprotected location information. In our view, though SA3 did not state whether they think ‘coarse location’ is acceptable, it shall be rather assumed that no UE location information at all is allowed at the initial access (as we discussed in [6]).
Observation 3: SA3 did not express their support for reporting any UE location information at initial access, including ‘coarse location’.
Since the lack of UE location information at the network will negatively impact the core selection process (e.g. Cell ID mapping and AMF or MME selection) while these aspects are in the hands of RAN3 and SA2, it should be handled by RAN3/SA2 to see whether coarse location reporting is still needed. 
From RAN2 point of view, the lack of UE location information makes impossible for NW to estimate UE’s TA during RACH procedure. RAN2 can wait for further update on the UE location information report at initial access. Hence, we think there is no need for RAN2 to discuss the TA estimation based on UE coarse location during initial access now. But it can be revisited if there is further update from RAN3/SA2.
Observation 4: During initial access, NW-based TA estimation (based on UE coarse location) is not possible due to lack of UE location reporting.
Proposal 10: RAN2 suspends discussion of NW-based TA estimation (based on UE coarse location) for RACH unless there is further update on UE location information report at initial access.
3	Conclusion
This document has made the following observations:
Observation 1: RAN2 agrees that for eMTC and NB-IoT the offset to delay the start of the ra-ResponseWindow is defined as sum (current offset, UE-eNB RTT), but FFS for NB-IoT secanrio where the current offset is 41ms and UE-eNB RTT < 41ms.
Observation 2: For UE in RRC Connected mode, RAN1 has agreed that NW can configure UE to report either UE-specific TA or UE location for the purpose of TA reporting.
Observation 3: SA3 did not express their support for reporting any UE location information at initial access, including ‘coarse location’.
Observation 4: During initial access, NW-based TA estimation (based on UE coarse location) is not possible due to lack of UE location reporting.
And proposed the following:
Proposal 1: The offset to delay the start of ra-ResponseWindowSize is defined as the sum (current offset, UE-eNB RTT). It can be applied for all IoT NTN cases, including NB-IoT with current offset=41ms.
Proposal 2: For UE in RRC Connected mode, RAN2 to confirm that, eNB can request UE to report its location if the AS security is established and the NTN specific user consent is stored in the eNB.
Proposal 3: For UE in RRC Connected mode, for the purpose of TA reporting, it is eNB’s decision to configure UE to report either UE-specific TA or UE location information if the AS security is established and the NTN specific user consent is stored in the eNB.
Proposal 4: Dedicated signalling is used to configure UE to report the UE location or the UE specific TA information for the purpose of TA reporting in connected mode.
Proposal 5: The UE location information to be reported to NW is finer location information/full GNSS coordinates.
Proposal 6: RRC signalling is used to report UE location information.
Proposal 7: If the content of TA reporting is UE location information, the event triggered-based UE location reporting should be supported.
Proposal 8: For UE location information update, if the UE detects that the TA deviation between TA estimation based on current UE location and the TA estimation based on last successfully reported UE location is larger than network configured threshold, the UE should send a location update to the NW.
Proposal 9: On how to support UE-specific TA reporting in IoT NTN for UE in RRC Connected mode, wait for NR NTN agreements and see if they can be reused.
Proposal 10: RAN2 suspends discussion of NW-based TA estimation (based on UE coarse location) for RACH unless there is further update on UE location information report at initial access.
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