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Introduction
[bookmark: _Hlk510705081]In RAN1 #106 meeitng, there is long discussion and good start for timing relationship items and also for the initial discussion on TA reporting comparison of location reporting. In this paper, we will discuss and compare the solutions.
In this contribution we provide our observations and proposals related to the above issues for IoT over NTN scenario.
Discussion
[bookmark: OLE_LINK2]Timing relationship for N/MPDCCH ordered PRACH
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]On timing relationship for N/MPDCCH ordered PRACH, similar issue as NR NTN and the issue for other relationship between DL and UL transmission, there should be an common understanding for the resource for PRACH in time domain. Or there may be different understanding of TA from UE and eNB, also the collision of PRACH and DL transmission may collide. Therefore, we propose K_offset should also be used for N/MPDCCH ordered PRACH.
Proposal 1: K_offset should be introduced for N/MPDCCH ordered (N)PRACH, where (N)PRACH is transmitted with a delay of Koffset as compared to transmission as per current specification.
Reporting TA vs Reporting Location
In RAN1 #106 meeting, there was discussion on how to maintain TA information at eNB as an assistance for eNB to decide an accurate K_offset.
Two main options are discussed, although multiple detailed options were provided by companies, as below:
· UE specific TA reporting (full or not) or differentials of the UE specific TA
· UE location reporting with or without a stationarity report
In SI, it was proposed [2] that the UE reports its TA to ensure synchronized understanding between UE and network about the potentially blocked subframes because of HD-FDD operation. This solution will work, but it 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. 
It was also discussed in RAN1 #106 whether it is possible for UE to report a stationary indication + TA. While, even UE is stationary, TA should also be changed along the time, for UL synchronization at reference point. ENB can not determine UE’s TA if UE only report stationary indication. If TA reporting is used, there will be continuously requirement on TA reporting, which will occupy resource and consume energy.
Observation 1: Reporting each UE specific Timing Advance change leads to high uplink signalling load and power consumption, even for stationary UE.
Here, we compare the TA reporing vs Locatin reporting.
For frequency of reporting @LEO-600, the largest differential distance between UE and satellite will be 1932-600=1332km, while the differenial transmission delay range will be =5ms. Then the range of TA differential will be 10ms. From this PoV, UE need to at least report 11 times for the TA changing larger than 1ms, so that to keep an effective K_offset. 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 location reporting, one report is sufficient for stationary 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 2: for stationary UE, frequency of TA reporting will be much larger, e.g. 6-11 times in some cases, than for Location reporting.
Observation 3: for moving UE, frequency of TA reporting will also be much larger than location reporting, considering the relative slow speed of UE compared to the satellite. 
Additionally, TA reporting will lead to additional UL resource utilization, especially considering if a large number of repetitions are needed for UE with worse channel status. This will limit the utilization of HD-FDD pattern, which is actually selected based on UL/DL traffic data. Also the resource occupation for the frequent TA reporting will also cause large power consumption and reduce the chance for data transmission and system resource efficiency. Furthermore, if the resources for reporting are not preconfigured, the UE will experience additional signaling and power consumption because it has to request the resources frequently.
Observation 4: TA reporting may cause additional large UL resource utilization with UL repetitions, also cause larege power consumpion and reducing resource efficiency.
Regarding latency and validity, the IoT UE UL repetitons 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 5: repetition of TA reporting may be out-of-date and invalid as assistance for network.
In SI phase, solution for location reporting is also discussed as to save the overhead [3]. 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 current UE location and satellite position and potentially feeder link delay. 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 6: Defining a TA reference, based on UE location, 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 as working assumption [4] and RAN3 for serving cell identification [4] and country specific routing [5]. Therefore, the reporting of UE location reduces the overall signaling overhead and device power consumption as compared to reporting of TA, because the UE location anyway needs to be reported for other usages within the system.
Observation 7: The UE location report is utilized by RAN2 and RAN3 for NTN
RAN2 “Working assumption [4]
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 [5]
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 [6]. 
The UE location information reported from the UE is accurate enough for AMF (re-)selection. 

Proposal 2: 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 3: As UE location reporting is already agreed and utilized in RAN2 and RAN3 for multiple purpose, UE location reporting should be specified for IoT NTN in Rel 17.
It is also worth noting that the network only needs to understand which subframes will be blocked, meaning that µs accuracy of the TA is not required. Therefore the UE can provide a coarse location or even report a reference location according to network distributed list of reference locations. The coarse location has also been discussed by RAN2, which noted [7] the following: 
In other words, RAN2 intends to develop a solution, to report the UE location to the gNB, with a guaranteed accuracy of an area of ~2km radius (and no better than that). 

Thus the UE location reporting would not require a large number of bits and would not require frequent updates given the 2 km accuracy discussed by RAN2.  
Enhancement on PUR
Discussion on the requested modification on PUR and simple solution
In RAN1 #106e there were proposals related to use of Preconfigured Uplink Resources (PUR). Specifically, it was proposed that after UE has initiated uplink transmission on the shared channel it will delay monitoring the downlink control channel according to the RTT between UE and eNB.
Such an enhancement is meaningful to reduce the UE control channel monitoring and related energy consumption, and it should be supported for GEO.
There are issues related to using PUR in LEO deployments, where the serving cell may change frequently and radio conditions may vary fast. Therefore, it may be necessary to study whether a PUR configuration can be applicable to other cells than the serving cell, which provided the configuration. Furthermore, since PUR requires the UE validates the TA, it may be beneficial, from an energy saving perspective, to consider how the UE can validate the TA. Due to the varying radio conditions, the original PUR configuration may also not suit current radio conditions well. 
The above mentioned issues of using PUR in LEO deployments require further work and therefore support for PUR in LEO deployments is not considered feasible for release 17.
Proposal 4: To support PUR in GEO deployments in release 17 and leave support for PUR for LEO as future work.
Conclusion
In this contribution, we presented our observations and proposals on timing relationship enhancements for NB-IoT/eMTC over NTN, as following:
Observation 1: Reporting each UE specific Timing Advance change leads to high uplink signalling load and power consumption, even for stationary UE.
Observation 2: for stationary UE, frequency of TA reporting will be much larger, e.g. 6-11 times in some cases, than for Location reporting.
Observation 3: for moving UE, frequency of TA reporting will also be much larger than location reporting, considering the relative slow speed of UE compared to the satellite. 
Observation 4: TA reporting may cause additional large UL resource utilization with UL repetitions, also cause larege power consumpion and reducing resource efficiency.
Observation 5: repetition of TA reporting may be out-of-date and invalid as assistance for network.
Observation 6: Defining a TA reference, based on UE location, can minimize signalling overhead, because network and UE can both predict TA. UE only needs to report if it has moved.
Observation 7: The UE location report is utilized by RAN2 and RAN3 for NTN.

Proposal 1: K_offset should be introduced for N/MPDCCH ordered (N)PRACH, where (N)PRACH is transmitted with a delay of Koffset as compared to transmission as per current specification.
Proposal 2: 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 3: As UE location reporting is already agreed and utilized in RAN2 and RAN3 for multiple purpose, UE location reporting should be specified for IoT NTN in Rel 17.
Proposal 4: To support PUR in GEO deployments in release 17 and leave support for PUR for LEO as future work.
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