3GPP TSG-RAN WG2 Meeting #117 Electronic	R2-2203258
Elbonia, 21 February – 03 March 2022	


Agenda item:	9.2.3.2
Source:	Nokia, Nokia Shanghai Bell
Title:	On IoT NTN open issues for Discontinuous Coverage and User plane
WID/SID:	LTE_NBIOT_eMTC_NTN - Release 17
Document for:	Discussion and Decision
1	Introduction
In RAN2-116bis meeting, a list of open issues was identified as summarized in [1]. In this contribution, we would like to provide our view to address below open issues.
	Company input on the following Open Issues See also R2-2202053
User Plane
OI 1.10 [Company Tdocs Invited]: Whether SR can be triggered if there is no available or sufficient UL-SCH resources for the triggered TA reporting?
Discontinuous Coverage
O1 3.5 [Company Tdocs Invited]: Decide on whether additional new parameters like satellite footprint reference point on ground, satellite coverage radius can be used?



2	Discussion
2.1	Discontinuous Coverage
Regarding whether additional new parameters like satellite footprint reference point on ground, satellite coverage radius can be used, in our view, the UE must be able to link the position of a satellite (provided via ephemeris) with the radio coverage on Earth. If the UE is only aware of the satellite’s position, but not the radio coverage it will not be able to determine the next coverage window(s).
Observation 1: without additional parameter linking satellite position to radio coverage on Earth the UE cannot determine future coverage window(s).
 There are multiple options to achieve this
A. a minimum elevation angle between UE and satellite 
B. a satellite’s footprint (coverage radius) on earth 
If the satellite’s radio coverage is not centred at nadir the network also needs to provide additional information defining the coverage center reference point. From mobility perspective it may be useful for the UE to be aware of the satellite’s footprint to determine the coverage edge/border. Such “satellite coverage border” could also be estimated based on the minimum elevation angle, but it would require additional UE processing.
To minimize the signalling overhead, it seems sufficient to provide the satellite’s footprint instead of the per-cell footprint. Approximating the coverage of multiple cells with a circle will be slightly inaccurate, but for coverage window estimation it should be sufficient.
Proposal 1: RAN2 to define signaling a satellite’s footprint (coverage radius) as part of SIB. Optionally, the coverage center reference point can also be provided if it is not indicating nadir.
In addition to the open issue 3.5 there are additional aspects concerning discontinuous coverage, which remains unclear and/or suboptimal. For example, the UE’s behavior when 1) receiving ephemeris and estimating coverage windows and 2) being outside a coverage window i.e. in a coverage gap. The latter point is critical for the UE battery life because it could consume significant amounts of energy searching for cells and attempting to monitor for paging. The cell search aspect is also critical for moving UEs and cold start UEs, because they may not have satellite assistance information for the area they currently reside in.
The paging procedure in discontinuous coverage is also critical from network perspective because the network could experience multiple failed paging attempts and escalation to large areas (also impacting other UEs), before a UE is reached if the UE and network do not have a synchronized understanding of when the UE is within a coverage window. Even if such synchronization information is shared between UE and network there are still open issues caused by UE prediction errors and UE movement. Finally, there seems to be room for improvement of the satellite assistance information for discontinuous coverage – both in terms of the ephemeris design and the signaling of the information.
The enhancements for the above issues will require significant effort and discussion time, which is not available in the remainder of RAN2’s release17 time allocation for NB-IoT/eMTC support of NTN. Therefore, it will be beneficial to update the release 18 work item (RP-213596) objectives to include further enhancements to discontinuous coverage.
Proposal 2: RAN2 to define a basic solution for discontinuous coverage support in the release 17.
Observation 2: RAN2 can continue to work on optimized support for discontinuous coverage in future releases.
2.2	User Plane
Regarding whether SR can be triggered if there is no available or sufficient UL-SCH resources for the triggered TA reporting, the same question was also in discussed in NR NTN [2] but no conclusion reached.  The main drawback to trigger SR for TA reporting is that it will cause significant UL overhead because all the connected UEs under the satellite cell coverage have to trigger SR in order to report its TA periodically, even if the UE has no data to send/receive. 
For example, for LEO where the satellite is moving, the UE-eNB RTT and the UE estimated TA are changing over time. Due to the TA reporting is based on TA change threshold (i.e. the TA change between current UE-estimated TA and the last successfully reported TA), all the connected UEs have to periodically report its TA because the satellite is moving even the UE itself is stationary. Considering the maximum beam footprint size is 1000km as defined in 38.821, there are huge number of UEs under the same satellite cell coverage. Among them most of UEs in connected state may not have UL-SCH resource allocation due to no data to send/receive. Triggering SR for TA reporting is a waste for those UEs who have no data to send/receive.
Observation 3: There is significant UL overhead if SR has to be triggered for UE who has no UL-SCH resources for the triggered TA reporting.
Some companies argue that prohibit timer or relatively large TA reporting threshold can address the issue of UL overhead. We don’t agree that. If there is some kind of prohibition timer introduced to avoid frequent reporting, it means the TA update cannot happen in time which cannot address the TA outdate issue for PUCCH feedback. Furthermore, if NW configures a relatively large UE-specific K_offset (and large TA reporting threshold), it cannot solve the issue but only mitigate the issue. There are still many UEs which maintain the TA reports, but it is useless since UE has no data to send/receive. However, the large TA reporting threshold will also reduce the gain of reporting UE-specific TA (i.e. to reduce scheduling delay via proper UE-specific K_offset configuration) which is not the intention of TA reporting.
Observation 4: Prohibit timer or relatively large TA reporting threshold can not address the issue of UL overhead caused by useless TA reporting.
Especially for IoT NTN, maintaining the TA reporting for all UEs via SR is not realistic because of the requirements on channel repetitions and the quite limited bandwidth. 
Proposal 3: SR should not be triggered if there is no available or sufficient UL-SCH resources for the triggered TA reporting.
3	Conclusion
This document has made the following observations:
Observation 1: without additional parameter linking satellite position to radio coverage on Earth the UE cannot determine future coverage window(s).
Observation 2: RAN2 can continue to work on optimized support for discontinuous coverage in future releases.
Observation 3: There is significant UL overhead if SR has to be triggered for UE who has no UL-SCH resources for the triggered TA reporting.
Observation 4: Prohibit timer or relatively large TA reporting threshold can not address the issue of UL overhead caused by useless TA reporting.
And proposed the following:
Proposal 1: RAN2 to define signaling a satellite’s footprint (coverage radius) as part of SIB. Optionally, the coverage center reference point can also be provided if it is not indicating nadir.
Proposal 2: RAN2 to define a basic solution for discontinuous coverage support in the release 17.
Proposal 3: SR should not be triggered if there is no available or sufficient UL-SCH resources for the triggered TA reporting.
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