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Introduction
In the agenda for RAN2#116bis: 
9.2.5	UE Capabilities
For an initial discussion of UE capabilities, there may be an offline effort,

And for NR NTN the following e-mail discussion was held where the outcome is in [1]: 
[Post116-e][111][NTN] UE capabilities (Intel)	
	Scope: discuss UE capabilities for NR NTN
	Intended outcome: summary of the email discussion & initial running CR
	Deadline: Long

In this paper, we further discuss capabilities in IoT NTN.
IoT NTN capabilities
As defined in [2], UE radio access capabilities are parameters for which the UE may signal different values. The network respects these parameters when configuring or scheduling a UE. There are two types of features: mandatory and optional. The former indicates whether the feature has been successfully tested, while the latter indicates both successful implementation and testing. Hence, an IoT NTN UE may choose not to implement certain optional features.
In RAN2#116e meeting, the discussion on NR NTN UE capabilities was initiated based on [3] and [4] and continued in the abovementioned e-mail discussion. As a result, running CRs on 38.306 and 38.331 were drafted to establish NR NTN UE capabilities. This contribution brings up the discussion to the scope of IoT NTN in order to differentiate the new features defined as part to Rel-17 NTN WI between essential and optional. Similar to the reasoning on NR NTN, adaptations of fundamental processes should be essential, while optimizations could be considered optional.

General
The first discussion evaluated the possibility of defining separate capabilities for NTN UEs depending on their altitude (GSO or NGSO) as they may need different enhancements. Similar to the conclusion for NR NTN and RAN1’s UE features draft [5], we think only a single capability needs to be defined to indicate support of IoT NTN. We have not yet identified any capabilities that needs to be differentiated between GSO and NGSO. Even if such capabilities are identified later, it will be sufficient for each feature to have separate capabilities some of which might be necessary for GSO and others for NGSO. 
[bookmark: _Toc92269601][bookmark: _Toc92269656][bookmark: _Toc92269699][bookmark: _Toc92795237][bookmark: _Toc92796284]Define a single IoT NTN UE capability that encompasses essential features to support NTN (both GSO and NGSO). UE can further indicate other optional capabilities.

Secondly, the necessity of a capability indicating GNSS presence was discussed. Following IoT NTN’s WID [6], the fact that UEs are equipped with GNSS has been taken as a working assumption during all discussions. This feature is optional in Release 16, yet it is considered to be essential for a UE to support NTN. In NR NTN, it was proposed to reuse an existing GNSS capability and make it conditionally mandatory when the UE indicates NTN support. This existing capability is optional in Release 16 and it is related to UE performance measurements.
	gnss-Location-r16
Indicates whether the UE is equipped with a GNSS or A-GNSS receiver that may be used to provide detailed location information along with SON or MDT related measurements in RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE.
	UE
	No
	No
	No



Similar to NR, in 36.306, section 4.3.13.2, there exists a parameter, related to UE performance measurements, for the UE to signal whether it is equipped with a GNSS receiver:

4.3.13.2 standaloneGNSS-Location
This parameter defines whether the UE is equipped with a standalone GNSS receiver that may be used to provide detailed location information in RRC measurement report and logged measurements in RRC_IDLE.

This LTE capability allows UEs to provide location information in RRC measurements reports and logged measurements. Although this is fine for eMTC, this kind of measurements, and also this capability, are not supported by NB-IoT. Therefore, this capability cannot be reused as easily as it is proposed in NR NTN.
[bookmark: _Toc92269597][bookmark: _Toc92795234][bookmark: _Toc92796281]standaloneGNSS-Location capability does not apply to NB-IoT.

Another option would be to create a new GNSS capability just for NTN eMTC and NB-IoT but we think it is uncessary. As mentioned before, in this Release it is required that UEs are equipped with GNSS to access the network. Therefore, there is no need for the UE to indicate this to the network. The network will assume all IoT NTN UEs have the GNSS capability if they are able to connect. This also seems to be consistent with the feature list discussions that have been taking place in RAN1, where the feature ”Basic IoT over NTN support” it is stated that a component currently is ”UE derives its position based on its GNSS measurements”. 
[bookmark: _Toc92269602][bookmark: _Toc92269657][bookmark: _Toc92269700][bookmark: _Toc92795238][bookmark: _Toc92796285]GNSS capability is implicit when UE indicates support of IoT NTN.

Essential capabilities
The essential capabilities that follow are supported by default in IoT NTN UEs and, thus, do not require any separate indication.
User plane
The timer extension of certain MAC, RLC and PDCP timers to accommodate long RTT is considered an essential capability:
· Delaying the monitoring of ra-ResponseWindow and mac-ContentionResolutionTimer by UE-eNB RTT.
· Enhancements to the UL HARQ RTT timer.
· Extension of PDCP discardTimer only for LTE-M.
· RLC t-Reordering timer for LTE-M. 
[bookmark: _Toc92269604]
Furthermore the extension of PUR-related timers have been discussed. While PUR itself is not mandatory for either NB-IoT or eMTC, if they are to be used in an IoT NTN setting then it would make sense that the delaying the start of pur-ResponseWindow by UE-eNB RTT would be delayed. 
[bookmark: _Toc92269658][bookmark: _Toc92269701][bookmark: _Toc92795239][bookmark: _Toc92796286]Essential user plane capabilities are 1) delaying the monitoring of windows by UE-eNB RTT, 2) enhancements to UL HARQ RTT timer, 3) extension of PDCP discardTimer and RLC t-reordering for LTE-M.
[bookmark: _Toc92795240][bookmark: _Toc92796287]RAN2 to discuss whether the delaying the start of pur-ResponseWindowTimer should be considered mandatory if PUR is supported for IoT NTN.

Control plane
The main feature for control plane agreed so far is the use of so-called soft TAC, which is essentially the UEs ability to receive multiple TACs and report these multiple TACs to the NAS. We believe that this should be mandatory as it would be difficult for the network to attempt to solve the problem without knowing which UEs that support it. Soft TAC is likely more important in NGSO satellite networks, but for simplicity we think that a UE both in GSO and NGSO should be able to support the feature. 
[bookmark: _Toc92269605][bookmark: _Toc92269659][bookmark: _Toc92269702][bookmark: _Toc92795241][bookmark: _Toc92796288]The ability to receive multiple TACs and forward these to NAS should be mandatory for IoT NTN UEs.
Other features that are likely to be mandatory, but has yet to be discussed or agreed in IoT NTN is the location reporting that is required in order for eNB to report ULI to MME. 
[bookmark: _Toc92269606][bookmark: _Toc92269660][bookmark: _Toc92269703][bookmark: _Toc92795242][bookmark: _Toc92796289]Location reporting (to be agreed in IoT NTN) should be mandatory.


Optional capabilities
The optional capabilities that follow are not supported by default by IoT NTN UEs and require an explicit indication to inform the network.
User plane
TA reporting during RACH using MAC CE in Msg3/Msg5 and event-triggered in connected mode is an optimization in uplink scheduling to reduce transmission delay. Similar to NR NTN, we consider this as an optional capability in IoT NTN. The feature being optional is also supported by the discussions in RAN1 features. 
[bookmark: _Toc92269607][bookmark: _Toc92269661][bookmark: _Toc92269704][bookmark: _Toc92795243][bookmark: _Toc92796290]TA reporting is an optional user plane capability.

Control plane
For idle mobility, it was agreed that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell. Similar to NR NTN, we think this kind of cell reselection enhancements can be considered as optional capability in IoT NTN since the legacy cell reselection process can still be used in NTN without obvious drawback.
[bookmark: _Toc92269608][bookmark: _Toc92269662][bookmark: _Toc92269705][bookmark: _Toc92795244][bookmark: _Toc92796291]Optional control plane capabilities are cell reselection enhancements such as measurements on neighbour cells before the broadcast stop time of the serving cell.

In early deployments, there may exist occasional or periodical coverage gaps in particular areas due to an insufficient number of satellites in a constellation. However, a device camping on a network typically expects always-on network availability. Thus, coverage gaps would distort certain core functionalities such as paging and force UEs to waste power performing unnecessary RRC procedures such as cell search or ‘NAS-attach’ when there is no network coverage, if the UE has not implemented any procedures to sleep.
Currently, there are not any discontinuous coverage-specific features and the procedures to sleep will likely not be standardized. However, for the UE to perform any type of procedures in order to not waste energy consumption during the period when there is no coverage for the UE, the UE would have to be able to read the broadcasted assistance information that has been discussed in relation to discontinuous coverage, i.e neighbouring satellite ephemeris and coverage information.  Therefore, we think that the capability to perform any type of discontinuous coverage or even having implemented the ability to read the information broadcasted related to discontinuous coverage could potentially warrant a capability. 
[bookmark: _Toc92269706][bookmark: _Toc92795245][bookmark: _Toc92796292]Discuss whether an optional control plane capability is needed for discontinuous coverage.

[bookmark: _Toc92269610][bookmark: _Toc92269664][bookmark: _Toc92269611][bookmark: _Toc92269665]Conclusion
[bookmark: _Hlk16780604]In the above sections we made the following observations:
Observation 1	standaloneGNSS-Location capability does not apply to NB-IoT.

We propose the following:
Proposal 1	Define a single IoT NTN UE capability that encompasses essential features to support NTN (both GSO and NGSO). UE can further indicate other optional capabilities.
Proposal 2	GNSS capability is implicit when UE indicates support of IoT NTN.
Proposal 3	Essential user plane capabilities are 1) delaying the monitoring of windows by UE-eNB RTT, 2) enhancements to UL HARQ RTT timer, 3) extension of PDCP discardTimer and RLC t-reordering for LTE-M.
Proposal 4	RAN2 to discuss whether the delaying the start of pur-ResponseWindowTimer should be considered mandatory if PUR is supported for IoT NTN.
Proposal 5	The ability to receive multiple TACs and forward these to NAS should be mandatory for IoT NTN UEs.
Proposal 6	Location reporting (to be agreed in IoT NTN) should be mandatory.
Proposal 7	TA reporting is an optional user plane capability.
Proposal 8	Optional control plane capabilities are cell reselection enhancements such as measurements on neighbour cells before the broadcast stop time of the serving cell.
Proposal 9	Discuss whether an optional control plane capability is needed for discontinuous coverage.

[bookmark: _In-sequence_SDU_delivery]References
R2-220xxxx, Report of email discussion [Post116-e][111][NTN] UE capabilities (Intel), Intel Corporation, December 2021.
TS 36.306, “User Equipment (UE) radio access capabilities”, Release 16, V16.6.0, October 2021.
R2-2109636, Consideration on RAN2-determined NTN UE capabilities, Intel Corporation.
R2-2109974, Discussion on UE capability for Rel-17 NR NTN, Vivo.
R1-21nnnnn, Updated RAN1 UE features list for Rel-17 LTE after RAN1 #107-e, Moderators (AT&T, NTT DOCOMO, INC.), November 2021.
RP-211601, NB-IoT/eMTC support for Non-Terrestrial Networks, Mediatek, Eutelsat, June 2021.

