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1	Introduction
The work item on solutions for IoT over non-terrestrial networks (NTN) was approved at RAN#92 [1]. An overview of 3GPP non-terrestrial networks can be found in [2] and an overview of state of the art in LEO satellite access can be found in [3].
In this contribution, we discuss the UE features for IoT over NTN. 
2	Guidelines for UE capability definitions
The discussion on defining UE features parameters for Rel-17 has now started. It is beneficial to recall RAN2’s guidelines for UE capability definitions, as documented in the RAN2 LS [4] and copied below:
1	Avoid defining “incapability” bits as they may cause interpretation issues
The definition of the capability should not say that “a UE setting the bit does not support Rel-16 feature X”. Such statements caused a lot of problems in Rel-15. One example was the pucch-F0-2WithoutFH that indicates that “the UE does not support PUCCH formats 0 and 2 without frequency hopping”. 
2	Absence of a capability bit shall not imply support for something that is not yet defined
One example is “absence of channelBW means that the UE supports all BWs”. Since new BWs might be added later (and in a release independent manner) and maybe in some other specification, “all BWs” can become ambiguous. Any legacy UE would suddenly be expected to support the new bandwidth as well. 
Another example is the default capability for UE power class and UL duty cycle. From signalling point of view, reducing the overhead is marginal (unless it is reported per-BandCombination or Per-Band-of-a-BandCombination as discussed in bullet 4 below). Instead, gNB faces difficulty in comprehending the implicit capabilities amongst UEs compliant with different versions in a release.
3 	Define baseline feature bits that covers the minimum parts of a feature and use additional bits for parts that can be used together with the baseline feature
If a feature has a baseline feature, the baseline feature must be clearly defined. It is not enough to write that “if the UE does not set the bit it does not support feature group x-y”.  If a capability bit for a certain “feature X” has been defined, all UEs that support “feature X” shall set the bit, and additional parts of the feature may not be supported by all UEs. 
Capability signalling and rules to determine whether a UE supports a feature should not be mixed. For example, avoid to say 
“In TDD band combinations, only UEs that set the featureX capability bit support feature. In FDD-only band combinations all UEs support feature X even if they do not set the bit.” 
If later FDD-only band combinations are defined, where UEs are not required to support the feature, band combinations will not be release independent. An example where this caused problem in Rel-15 was the capability simultaneousRx-Tx for EN-DC.
4 	Minimize features “per-BandCombination” and “per-Band-of-a-BandCombination”
The number of features that require capability signaling with “per-BandCombination” and “per-Band-of-a-BandCombination” (FeatureSetPerCC) differentiation should be minimized. Such features cause an explosion in the size of the capability signaling and are even more severe when it comes to the number of possible configurations, making it impossible for the gNB to take all combinations into account. 
It would be of help for RAN2 to be informed of the reasons why “per-BC” or “per-band-of-a-BC” was considered necessary, and whether other alternatives were considered.
5 	Avoid defining functionality that has no RRC configuration but is dependent on capability bits.
The specification should not be written so that the network determines what configuration it can use for a UE implicitly by the reported UE capabilities. Instead, the gNB should always configure the UE explicitly by DL RRC signalling, respecting  the reported capabilities. 
A problematic case in Rel-15 was the UL/DL MIMO layers, which resulted in a late-stage introduction of explicit MIMO signalling support by RAN2 (maxLayersMIMO-Indication).  
6	UE capabilities defined in specifications must be self-contained
RAN2 would also like to point out that once the “snapshot” of defined Rel-16 capabilities have been captured in RAN2 TR 38.822, RAN2 does not plan to update this TR. Discussions (on any WG capabilities) should be based on the actual specification text. RAN2 will document the capabilities in TS 3x.306, preferably with references to RAN1/RAN4 specifications and to corresponding RRC configurations (fields and information elements). 
RAN2 understands that RAN1 uses the “feature IDs”, since they are the only available definitions during the initial stage of discussions. RAN2 would like to request that once the RRC signalling is in place and can be mapped to each “feature ID”, the actual field names used in the signalling are also utilized in the RAN1/RAN4 capability discussions (to avoid inter-WG confusion e.g. in LSs). 
7	Rationale for necessity of both xDD and FRx differentiations for per-UE capability
RAN2 did not discuss the RAN1 LS on XDD-FRX Differentiation (R1-1913579/R2-2000013) at the RAN2#109-e meeting, but RAN2 would anyway appreciate to be provided with rationale in case Per-UE capability with both FDD/TDD and FR1/FR2 differentiations is deemed as necessary for a feature. 

3	Detailed comments on the initial list of UE features for IoT over NTN
Our detailed comments on the initial list of UE features for IoT over NTN are in the table below (with Track Changes). A general comment not reflected in the table is that the UE features should be separate for eMTC and NB-IoT.
eMTC and NB-IoT should have separate UE capabilities.
Adopt the changes in the table.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	[Need for the UE to know if the feature is supported (only for V2X WI, where the PC5-RRC capability signalling is delivered between the UEs)]
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Capability interpretation for mixture of FDD/TDD
	Note
	Mandatory/Optional
	Ericsson comments

	2. LTE_NBIOT_eMTC_NTN
	2-1
	Support of GNSS-assisted UE for uplink time and frequency synchronization
	Components
1. UE derives its position based on its GNSS implementation
	
	No
	No

	Release 17 UE cannot access NTN
	
	No
	No
	The main assumption is that Release 17 NTN UE is equipped with a GNSS
	Mandatory
	We propose to align with the UE features of NR NTN, for which these components are not listed separately

	2. LTE_NBIOT_eMTC_NTN
	2-2
	Serving satellite ephemeris position state vector
	1. Indicate  serving  Satellite position state vector X,Y,Z in ECEF (m) and serving  Satellite velocity state vector VX,VY,VZ in ECEF (m/s)
	
	
	
	Release 17 UE cannot access NTN
	
	No
	No
	Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
	Mandatory
	We propose to align with the UE features of NR NTN, for which these components are not listed separately

	2. LTE_NBIOT_eMTC_NTN
	2-3
	Satellite orbital parameters
	1. Indicate ephemeris orbital parameter for the serving satellite:
	
	No
	No
	Release 17 UE cannot access NTN
	
	No
	No
	Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
	Mandatory
	We propose to align with the UE features of NR NTN, for which these components are not listed separately

	2. LTE_NBIOT_eMTC_NTN
	2-4
	Uplink Time pre-compensation
	1. UE specific TA calculation in RRC_IDLE state based on its GNSS-acquired position and the serving satellite ephemeris.
1. UE specific TA calculation in RRC_CONNECTED state based on its GNSS-acquired position and the serving satellite ephemeris.
1. UE applies common TA in RRC_IDLE and RRC_CONNECTED according to the parameters provided by the network (if any)
1. For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops
	2-1, 2-2 or  2-3
	No
	No
N/A
	Release 17 UE cannot access NTN
	
	No
	No
	In Rel-17 IoT-NTN, at least support UE which can compute timing advance for serving link based on its GNSS position and serving satellite ephemeris signalled by the network and apply corresponding timing advance and frequency adjustment in RRC_IDLE and RRC_CONNECTED modes.
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for IoT-NTN
	Mandatory
	

	2. LTE_NBIOT_eMTC_NTN
	2-5
	Uplink frequency/Doppler pre-compensation
	1. In RRC_IDLE state calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
1. in RRC_CONNECTED state, calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
	2-1, 2-23 or 2-3
	No
	N/Ao
	Release 17 UE cannot access NTN
	
	No
	No
	In Rel-17 IoT-NTN, at least support UE which can compute frequency adjustment for serving link based on its GNSS position and serving satellite ephemeris signalled by the network and apply corresponding timing advance and frequency adjustment in RRC_IDLE and RRC_CONNECTED modes
	Mandatory
	

	2. LTE_NBIOT_eMTC_NTN
	2-6
	Validity timer of UL synchronization
	1. Validity timer of UL synchronization is configured by the network
	2-2 or 2-3
	No
	N/Ao
	UE does not know the maximum time during which the UE can apply the satellite ephemeris / common TA parameres if broadcast 
	
	
	
	A validity duration configured by the network for satellite ephemeris data / Common TA parameters if broadcast  which indicates the maximum time during which the UE can apply the satellite ephemeris / common TA parameres if broadcast without having acquired new satellite ephemeris / common TA parameters if broadcast.
	Mandatory
	

	2. LTE_NBIOT_eMTC_NTN
	2-7
	UL transmission segment
	1. UL transmission segment duration is configured by the network
	2-4 and 2-5
	No
	N/Ao
	UE does not know the maximum time during which the applied pre-compensation for (N)RACH or (N)PUSCH for NB-IoT / eMTC shall not be changed by the UE.
	
	No
	No
	The UL transmission segment length for PUSCH / PRACH  refers to the duration of time during which the applied pre-compensation shall not be changed by the UE.
	Mandatory
	

	2. LTE_NBIOT_eMTC_NTN
	2-8
	K_offset
	1. Configuration of K_offset
	2-4
	No
	N/Ao
	UE does not know the offset to apply for UL transmission 
	
	No
	No
	The K_offset is a scheduling offset used for the identified timing relationships that need to be modified for IoT NTN. 
For IoT NTN, support cell-specific Koffset configuration for use during initial access.
For IoT NTN, support the use of UE-specific Koffset in CONNECTED mode.
	Mandatory
	

	2. LTE_NBIOT_eMTC_NTN
	2-9
	Start of RAR window
	1. estimate of UE-gNB RTT
2. delaying the starts of ra-ResponseWindow
	2-4
	No
	N/Ao
	Due to large propagation delay in NTN the UE RAR is not expected within a few milliseconds like in TN. The UE does not need to  monitor the PDCCH for RAN right after transmitting RA Preamble.
	
	No
	No
	Start of ra-ResponseWindow is delayed by an offset.
For IoT NTN, no modifications are needed for the calculation in NR NTN for estimate of UE-eNB RTT.
	Mandatory
	

	2. LTE_NBIOT_eMTC_NTN
	2-10
	UE reporting of information about the UE specific TA pre-compensation
	1. The exact content of UE reporting of information about the UE specific TA pre-compensation
1. frequency of the reports
1. granularity of the reported content
	2-4
	No
	N/Ao
	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
	
	No
	No
	UE-specific TA reporting is supported in IoT-NTN
FFS: Detailed contents of report
	Mandatory
	



Conclusion
Based on the discussion in the previous sections we propose the following:


1. eMTC and NB-IoT should have separate UE capabilities.
Adopt the changes in the table.
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