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1	Introduction
In the RAN2-115e meeting, RAN2 reached many agreements on the MAC timer adaptation for IoT NTN based on the SI and NR NTN agreements. However, there are still some FFS left on many aspects. For example, the details of ra-ResponseWindow offset, the DRX timer(s) adaptation and RLC t-Reordering timer extension. In addition, the topics of TA related information reporting and validity timer for UL synchronization are quite open which needs further discussion.
In this contribution, we will discuss the open issues and provide our view.
2	Discussion
2.1	RACH Timers
RAN2-115e meeting agreed to introduce an offset to delay the start of the ra-ResponseWindow for IoT NTN but the offset value is not decided yet. 
	RAN2-115e meeting agreements:
Start of ra-ResponseWindow is delayed by an offset. Postpone discussion on the offset value until further agreements regarding RACH are made in RAN1.



In NR NTN, due to high RTD, RAN1-105e agreed the start of RA response window is delayed by the estimate of UE-gNB RTT, where the estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac. In RAN1-106e meeting, RAN1 concluded that the calculation on UE-eNB RTT (for IoT NTN) can reuse NR NTN solution.
	RAN1-106e meeting conclusion:
For IoT NTN, no modifications are needed for the calculation in NR NTN for estimate of UE-eNB RTT.



As mentioned by companies in email discussion, for NB-IoT and eMTC, there is already an offset for the start of ra-ResponseWindow. For eMTC, the offset is fixed to 3 subframes, while for NB-IoT, the offset can be either 4 subframes or 41 subframes, which depends on the NPRACH transmission duration. With the assumption that the UE-eNB RTT can be estimated by UE, in last meeting, there are two options on table:
· 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. 
For different NTN deployment (e.g. GEO or LEO/MEO in different altitude), the UE-eNB RTT may vary from ~20ms to ~540ms. So, the current NB-IoT offset value (e.g. 41ms) may be shorter or longer than UE-eNB RTT. For Option1, the eNB has no knowledge of the exact UE-eNB RTT before RACH, thus NW don’t know the value of max (current offset, UE-eNB RTT). If the UE delay the start of ra-ResponseWindow as suggested by Option1, actually the NW don’t know when the UE will start monitor RAR.
Option 2 is simple and follow the NR NTN agreement on the start of RAR window. We think it is straight-forward and can be used for IoT NTN. 
Proposal 1: The offset to delay the start of ra-ResponseWindowSize is  the sum (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.

2.2	DRX Timers
According to TR36.763, HARQ feedback disabling is not supported in R17 IoT NTN. With legacy HARQ mechanism, the DL assignment or UL grant for HARQ retransmissions might not be received within legacy (UL)DRX RTT timers due to the high RTD. In the RAN2-115e meeting, it is agreed that UE-gNB RTT should be taken into account when calculating DRX (UL)HARQ-RTT-Timer for IoT NTN. However, the details solution is not decided yet.
	RAN2-115e meeting agreement:
UE-eNB RTT is taken into account when calculating the (UL) HARQ RTT timer. 



For IoT NTN, (UL)HARQ RTT Timer is calculated using formulas specified in 36.321 section 7.7, where NB-IoT and eMTC have different formulas depending on feature configurations. Specifically, alignment with the PDCCH search space is considered in NB-IoT. 
In last meeting, three options were proposed to extend the (UL) HARQ RTT timer, which would enable the UE to receive a retransmission grant after UE-eNB RTT.
· Option 1: Add an offset, equal to max(UE-eNB RTT - Tprocessing, 0), to the formula calculating the (UL) HARQ RTT timer, where Tprocessing is UE processing delay after PUSCH or HARQ-feedback, which is defined as one or a few milliseconds;
· Option 2: Add an offset, equal to UE-eNB RTT, to the formula calculating the (UL) HARQ RTT timer. 
· Option 3: Delay the start of (UL) HARQ RTT timer with an offset of UE-eNB RTT. 
For Option3, it is not clear how the UE behaves while waiting for the start of (UL) HARQ RTT timer which may bring the complexity to the solution. Option1 is similar to option2 in that the RTT timer is extended by an offset. However, Option1 considers further optimization to exclude the Tprocessing. For IoT over NTN, we prefer the simple solution (Option2) since the UE-eNB RTT is much longer than the UE processing delay.  
Proposal 2: The timer length of HARQ RTT timer and UL HARQ RTT timer are increased by an offset, where the offset is equal to UE-eNB RTT.

2.3	RLC t-Reordering timer extension
For RLC t-Reordering timer, due to the long RTD in NTN, RAN2 has agreed that the value range of t-Reordering should be extended to support IoT NTN.
	RAN2-115e meeting agreement:
RAN2 confirm the SI agreement that the value range of the RLC t-Reordering timer will be extended to support IoT NTN.



Regarding how to extend the value range of t-Reordering, we think it can simply follow the NR NTN solution described in 38.821 (excerpt as below), where higher value should be added to timer value range by considering number of HARQ retransmissions and NTN RTD covering possible satellite orbit distances. 
	t-Reassembly extension for NR NTN in TR38.821:
If HARQ is supported by NTN, the value range of t-Reassembly should be extended to support NTN.
One possible solution to extend t-Reassembly would be to consider the UE-specific round-trip delay, RTD, the number of allowed HARQ-retransmission attempts nrof_HARQ_retrans, as well as a configurable offset to account for possible delays on UE and network-side, scheduling_offset:
t-Reassembly = RTD * nrof_HARQ_retrans + scheduling_offset



Proposal 3: The value range of RLC t-Reordering timer shall be extended. The values which should be added to value range should consider number of HARQ retransmissions and NTN RTD covering possible satellite orbit distances.

2.4	TA information reporting
In the RAN2-115e meeting, there was discussion 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. It is FFS on the content of TA information and in which message this is to be provided. RAN2 assumes the NR NTN agreements may be reused.
	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.



In RAN1-106 meeting, two main options are discussed for IoT NTN, although multiple detailed options were provided by companies, as below:
· Option1: UE specific TA reporting (full or not) or differentials of the UE specific TA
· Option2: UE location reporting 
Option1 may lead to a large signalling overhead if each UE reports every (little) change of TA to the network, as it should be noticed that the TA applied at the UE varies constantly, mainly because of satellite moving, which causes both service and feeder link distances to change accordingly. For example, for LEO-600, the largest differential distance between UE and satellite will be 1932-600=1332km, while the differential transmission delay range will be =5ms. Then the range of TA differential will be 10ms. From this point of view, the UE need to at least report 11 times for the TA changing larger than 1ms, so that to keep an effective K_offset for UL scheduling. Even considering the max differential delay within a cell is larger than 3ms, then the range of TA differential will be 6-7ms, resulting 6-7 times for TA reporting. While for Option2 (location reporting), one report is sufficient for stationery UE (as dominant in the cell), all the later K_offset can be automatically calculated based on network’s knowledge of UE location and satellite movement. Even for the moving UE, considering the relative slow speed of UE comparing with satellite movement, the frequency of the location reporting will be also much lower than TA reporting.
Observation 1: Frequency of UE specific TA reporting (option1) will be much larger, e.g. 6-11 times in some cases, than for location reporting.
Furthermore, regarding latency and validity, the IoT UE UL repetitions for TA reporting may take several seconds or tens of seconds in addition to the long propagation delay in NTN. During the repetition, the TA for the UE may change or already trigger a new TA to report. Therefore, even the eNB receives the UE reported TA, still, the validity for the (TA) assistance to determine K_offset is already out-dated.
Observation 2: The UE specific TA reporting (option1) may be out-of-date and invalid as assistance for network due to channel repetitions in IoT NTN.
On the other hand, option2 (location reporting) can be used to save the overhead and make sure the derived TA is always valid. One way may be to define a reference TA and configure the UE to only report when the difference between the actual TA and the reference TA exceeds a threshold. For example, the reference TA can be based on the UE reported location and satellite position. In this way, the UE does not need to provide any TA reporting updates if it is stationary. To utilize such a reference TA, the UE can report its location instead of the TA, because it would allow the network to also determine the reference TA. As an alternative, the UE can report a reference point location in order not to disclose its actual position. 
Observation 3: UE location reporting (option2), can minimize signalling overhead, because network and UE can both predict TA. UE only needs to report if it has moved.
The UE location is also noted to be useful in other aspects of system operation as agreed in RAN2 for NR NTN as working assumption [3] and RAN3 for serving cell identification [3] and country specific routing [4]. Therefore, the reporting of UE location reduces the overall signalling overhead and device power consumption as compared to reporting of UE-specific TA, because the UE location anyway needs to be reported for other usages within the system.
Observation 4: The UE location report is utilized by RAN2 and RAN3 for NTN
RAN2 “Working assumption [3]
Event triggered-based UE location reporting are configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED”
RAN3 agreement RAN3 #113-e (August 2021) for serving cell identification [4]
NG-RAN is responsible for constructing the mapped cell ID based on the UE location info received from the UE. The mapping may be pre-configured (e.g., up to operator’s policy) or up to implementation. 
RAN3 agreement RAN3 #113-e (August 2021) for country specific routing [5]. 
The UE location information reported from the UE is accurate enough for AMF (re-)selection. 

Proposal 4: Reporting UE location for determining UE-specific Timing Advance in half duplex deployments is one method, which can be used by eNB scheduler to avoid UL-DL collisions. 
Proposal 5: As UE location reporting is already agreed and utilized in RAN2 and RAN3 for multiple purpose in NTN, UE location reporting should be specified for IoT NTN in Rel 17.
Regarding the message to report the TA information, for NR NTN, RAN2-115 agreed that MAC CE is used to report UE specific TA information while RRC signalling is used to report UE location information.
Proposal 6: RRC signalling is used to report UE location.

2.5	Validity Timer
In the RAN1-106bis meeting, RAN1 discussed validity timer for UL synchronization in IoT NTN. According to RAN1 discussion, a validity timer for ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris for UL synchronization without having acquired new satellite ephemeris. However, RAN1 has no conclusion to specify the validity timer maintenance and UE behaviour related to expiry of UL synchronization validity timer. RAN2 is asked to decide the expected behaviour.
	RAN1-106bis Agreement:
RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified: 
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED 
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated 
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode  autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire



The ephemeris information is very important for UE time and frequency synchronization. The accuracy of them will directly impact on the accuracy of the synchronization. After the validity time expires, the previously acquired ephemeris may be already inaccurate because of UE movement or satellite perturbation. If UE still want to do UL transmission, new acquisition for ephemeris should be done to guarantee UL synchronization before any UL transmission. When ephemeris data are not valid, it means UL sync for UE is missed and UE should stop UL transmission before achieving new one.
Observation 5: When the validity timer is expired, the UE should stop UL transmission before achieving new ephemeris information.
If eNB don’t know whether UE’s validity timer is expired, eNB may schedule the UE even UL sync is missed. Therefore, network and UE should have a common understanding on validity timer status.
Proposal 7: There should be a common understanding on validity timer status between UE and network, which should be specified in IoT NTN.
When UE reads a new satellite ephemeris data, UE should inform network via UE reporting so that both UE and network reset the validity timer and keep the common understanding. Like Time Alignment Timer  (TAT) maintenance, a similar design can also be used for validity timer for satellite ephemeris reading.
However, signalling overhead for UE reporting should be considered. One possible way is that, after UE reads a new satellite ephemeris data and informs network successfully, both the UE and network should assume the UL synchronization is valid. If the validity timer is about to expire, UE should inform network again. 
Proposal 8: A TAT-like validity timer could be used as a baseline, where the UE should inform network when it reads new ephemeris data, so that both the UE and the network reset the validity timer and keep a common understanding on UL synchronization status.
Proposal 9: To reduce overhead, UE reporting for validity timer status update should be reduced. The detail solution can be further discussed.
When the validity timer is expired, one possible way that has been discussed is UE go back to IDLE mode and initiate a new random access. However, the resulting long latency and power/resource consumption could be an issue for IoT UE. Actually, when the validity timer expires, it is only the UL synchronization that is unavailable, but the DL synchronization is kept. The UE should stay in RRC_CONNECTED mode which is similar to the maintenance of uplink time alignment when UL synchronization status is “non-synchronised”. It is still possible for UE to do a contention free random access based on network configuration (e.g. CFRA as indicated by PDCCH order). Additionally, it will reduce the latency and power/resource consumption if RRC CONNECTED mode can also be kept considering it is not a wireless failure but just assistance information update.
Proposal 10: To save power and resource consumption, once the validity timer has expired, UE should remain in RRC Connected mode. The UE can therefore read the new ephemeris data for UL synchronisation and report it to the network (e.g. via CFRA as indicated by PDCCH order).
3	Conclusion
Based on the discussion, the following observations have been made.
Observation 1: Frequency of UE specific TA reporting (option1) will be much larger, e.g. 6-11 times in some cases, than for location reporting.
Observation 2: The UE specific TA reporting (option1) may be out-of-date and invalid as assistance for network due to channel repetitions in IoT NTN.
Observation 3: UE location reporting (option2), can minimize signalling overhead, because network and UE can both predict TA. UE only needs to report if it has moved.
Observation 4: The UE location report is utilized by RAN2 and RAN3 for NTN
Observation 5: When the validity timer is expired, the UE should stop UL transmission before achieving new ephemeris information.
And proposed the following:
Proposal 1: The offset to delay the start of ra-ResponseWindowSize is  the sum (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.
Proposal 2: The timer length of HARQ RTT timer and UL HARQ RTT timer are increased by an offset, where the offset is equal to UE-eNB RTT.
Proposal 3: The value range of RLC t-Reordering timer shall be extended. The values which should be added to value range should consider number of HARQ retransmissions and NTN RTD covering possible satellite orbit distances.
Proposal 4: Reporting UE location for determining UE-specific Timing Advance in half duplex deployments is one method, which can be used by eNB scheduler to avoid UL-DL collisions. 
Proposal 5: As UE location reporting is already agreed and utilized in RAN2 and RAN3 for multiple purpose in NTN, UE location reporting should be specified for IoT NTN in Rel 17.
Proposal 6: RRC signalling is used to report UE location.
Proposal 7: There should be a common understanding on validity timer status between UE and network, which should be specified in IoT NTN.
Proposal 8: A TAT-like validity timer could be used as a baseline, where the UE should inform network when it reads new ephemeris data, so that both the UE and the network reset the validity timer and keep a common understanding on UL synchronization status.
Proposal 9: To reduce overhead, UE reporting for validity timer status update should be reduced. The detail solution can be further discussed.
Proposal 10: To save power and resource consumption, once the validity timer has expired, UE should remain in RRC Connected mode. The UE can therefore read the new ephemeris data for UL synchronisation and report it to the network (e.g. via CFRA as indicated by PDCCH order).
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