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Introduction
The Release-18 IoT NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #100 meeting [2]. RAN1-related objectives are shown below.

-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]

In RAN1 #113 meeting [3], the UE features on IoT NTN enhancements have been discussed, and some high-level agreements have been made:

Agreement: Introduce the following new FGs
	2. IoT_NTN_enh
	2-1a
	Semi-static HARQ feedback disabling for eMTC CE mode B
	1. UE gets RRC configuration for disabling HARQ feedback per UE per process
2. UE receives DCI indication to directly indicate / override RRC configuration for disabling HARQ feedback
	Rel. 17 2-1
	Yes
	N/A
	Release 18 eMTC UE with CE mode B cannot disable HARQ feedback
	[Per UE/Per band]
	No 
	No
	Candidate values: {dynamic, semi-static, dynamic + semi-static}
Note: HARQ disabling with Option 1 in CE mode B

Note: this applies to single-TB case

[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	Optional with capability signalling

	2. IoT_NTN_enh
	2-1b
	Dynamic HARQ feedback disabling for eMTC CE mode B
	1. UE receives DCI indication to directly indicate / override RRC configuration for disabling HARQ feedback
	Rel. 17 2-1
	Yes
	N/A
	Release 18 eMTC UE with CE mode B cannot disable HARQ feedback
	[Per UE/Per band]
	No 
	No
	Note: HARQ disabling with Option 3 in CE mode B

Note: this applies to single-TB case

FFS: whether to merge 2-1a and 2-1b
FFS: whether to have a separate FG for the combination of FGs 2-1a and 2-1b

[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	Optional with capability signalling

	2. IoT_NTN_enh
	2-1d
	Semi-static HARQ feedback disabling for eMTC CE mode A
	1. UE gets RRC configuration for disabling HARQ feedback per UE per process
	Rel. 17 2-1
	Yes
	N/A
	Release 18 eMTC UE with CE mode A cannot disable HARQ feedback
	[Per UE/Per band]
	No
	No
	Note: HARQ disabling with Option 1 in C mode A

Note: this applies to single-TB case

[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	Optional with capability signalling

	2. IoT_NTN_enh
	2-2
	Semi-static HARQ feedback disabling for SPS PDSCH for eMTC CE Mode A
	UE reports ACK/NACK for the first SPS PDSCH after activation if enabled, and follow per-process HARQ feedback enabled/disabled configuration otherwise
	Rel. 17 2-1
	Yes
	N/A
	Release 18 eMTC UE Mode A cannot disable HARQ feedback for SPS PDSCH
	[Per UE/Per band]
	No 
	No
	Note: HARQ disabling with Option 1 in C mode A

FFS: whether to merge 2-1d and 2-2
[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	Optional with capability signalling



Proposal: Introduce the following new FG
	2. IoT_NTN_enh
	2-1e
	Semi-static HARQ feedback disabling for NB-IoT
	1. UE gets RRC configuration for disabling HARQ feedback per UE per process
2. UE receives DCI indication to directly indicate / override RRC configuration for disabling HARQ feedback 
	Rel. 17 2-1b
	Yes
	N/A
	Release 18 NB-IoT UE cannot disable HARQ feedback
	[Per UE/Per band]
	No 
	No
	Candidate values: {dynamic, semi-static, dynamic + semi-static}
Note: HARQ disabling with Option 1
Note: this applies to single-TB case
FFS: whether to merge 2-1f and 2-1e
FFS: whether to have a separate FG for the combination of FGs 2-1e and 2-1f
[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	Optional with capability signalling

	2. IoT_NTN_enh
	2-1f
	Dynamic HARQ feedback disabling for NB-IoT
	1. UE receives DCI indication to directly indicate / override RRC configuration for disabling HARQ feedback 
	Rel. 17 2-1b
	Yes
	N/A
	Release 18 NB-IoT UE cannot disable HARQ feedback
	[Per UE/Per band]
	No 
	No
	Note: HARQ disabling with Option 3 
Note: this applies to single-TB case
[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	Optional with capability signalling



Agreement: Introduce the following new FGs
	2. IoT_NTN_enh
	2-3a
	GNSS position fix in RRC Connected state for eMTC—triggered 
	1. UE reports GNSS position fix time duration for measurement and validation duration at least [during the initial access stage and in connected mode]
2. UE receives eNB GNSS measurement trigger 
3. UE re-acquires GNSS in RRC Connected state
4. UE re-acquires GNSS position fix within a configured gap
	Rel. 17 2-1
	Yes
	N/A
	Release 18 eMTC UE cannot get triggered GNSS position fix in RRC Connected state
	[Per UE/Per band]
	No 
	No
	[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]

Note: This applies to non-DRX
	Optional with capability signalling

	2. IoT_NTN_enh
	2-4a
	GNSS position fix in RRC Connected state for eMTC—autonomous
	[1. UE re-acquires GNSS autonomously (when configured by the network) if it does not receive eNB GNSS measurement trigger]
2. UE reports GNSS position fix time duration for measurement at least during the initial access stage [and in connected mode]
	[Rel. 18 2-3a]
	Yes
	N/A
	Release 18 eMTC UE cannot get autonomous GNSS position fix in RRC Connected state
	[Per UE/Per band]
	No 
	No
	Note: This applies to non-DRX

FFS: merge 2-4a with 2-3a

[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	Optional with capability signalling



Agreement: Introduce the following new FGs
	2. IoT_NTN_enh
	2-3b
	GNSS position fix in RRC Connected state for NB-IoT—triggered
	1. UE reports GNSS position fix time duration for measurement and validation duration at least [during the initial access stage and in connected mode]
2. UE receives eNB GNSS measurement trigger 
3. UE re-acquires GNSS in RRC Connected state
4. UE re-acquires GNSS position fix within a configured gap
	Rel. 17 2-1b
	Yes
	N/A
	Release 18 NB-IoT UE cannot get triggered GNSS position fix in RRC Connected state

[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	[Per UE/Per band]
	No
	No
	Note: This applies to non-DRX

[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	Optional with capability signalling

	2. IoT_NTN_enh
	2-4b
	GNSS position fix in RRC Connected state for NB-IoT—autonomous
	[1. UE re-acquires GNSS autonomously (when configured by the network) if it does not receive eNB GNSS measurement trigger]
2. UE reports GNSS position fix time duration for measurement at least during the initial access stage [and in connected mode]
	[Rel. 18 2-3b]
	
	
	Release 18 NB-IoT UE cannot get autonomous GNSS position fix in RRC Connected state

[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]
	[Per UE/Per band]
	No
	No
	Note: This applies to non-DRX
[Note: RAN1 kindly asks RAN2 to design signalling such that GSO/NGSO differentiation is possible]

FFS: merge 2-3b with 2-4b

	Optional with capability signalling



In this contribution, we discuss the UE features on IoT NTN enhancements and give our proposals.

Discussion on IoT NTN UE features
For eMTC over NTN with CE mode B, the HARQ feedback disabling for downlink transmissions is supported in three different ways: 
· Per-HARQ process configuration 
· DCI direct indication 
· DCI overridden per-HARQ process configuration

Subsequently, a new feature 2-1a is defined as semi-static HARQ feedback disabling and a new feature 2-1b is defined as dynamic HARQ feedback disabling. 

It is open on the granularity of the features 2-1a and 2-1b. We think these features only apply on the band for NTN operations. Hence, it is natural these features are defined per band. 

Proposal 1: The features 2-1a and 2-1b are defined per band.

It is open whether to merge feature 2-1a and feature 2-1b. In our view, these two features could be defined separately. This provides UE implementation flexibility. A UE does not need to support both semi-static HARQ feedback disabling and dynamic HARQ feedback disabling simultaneously. 

Proposal 2: The features 2-1a and 2-1b are kept as separate features.

It is open whether to have a new feature for the combination of feature 2-1a and feature 2-1b. The main motivation is to support the way of “DCI overridden per-HARQ process configuration” for HARQ feedback disabling. 

However, in our view, this way of implementation is very similar to the way of “DCI direct indication”. Specifically, if the “HARQ-ACK resource offset” field in DCI 6-1B is set to a specific state, then HARQ feedback is always disabled regardless of per-HARQ process configuration. If the “HARQ-ACK resource offset” field in DCI 6-1B is set to other states, then HARQ feedback is always enabled regardless of per-HARQ process configuration. Hence, there is no need to define a new feature for the combination of feature 2-1a and feature 2-1b. 

Proposal 3: Do not define a new feature for the combination of feature 2-1a and feature 2-1b. 

Similar to eMTC over NTN with CE mode, for NB-IoT over NTN, the HARQ feedback disabling for downlink transmissions is supported in three different ways. Subsequently, a new feature 2-1e is defined as semi-static HARQ feedback disabling and a new feature 2-1f is defined as dynamic HARQ feedback disabling. 

It is open on the granularity of the features 2-1e and 2-1f. We think these features only apply on the band for NTN operations. Hence, it is natural these features are defined per band.

Proposal 4: The features 2-1e and 2-1f are defined per band.

It is open whether to merge feature 2-1e and feature 2-1f. In our view, these two features could be defined separately. This provides UE implementation flexibility. A UE does not need to support both semi-static HARQ feedback disabling and dynamic HARQ feedback disabling simultaneously. 

Proposal 5: The features 2-1e and 2-1f are kept as separate features.

It is open whether to have a new feature for the combination of feature 2-1e and feature 2-1f. The main motivation is to support the way of “DCI overridden per-HARQ process configuration” for HARQ feedback disabling. 

Unlike eMTC over NTN with CE mode B, in NB-IoT, the operations of “DCI direct indication” are a little different from the operations of “DCI overridden per-HARQ process configuration”.  According to the working assumption [3] that for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the NB-IoT UE does not wait for an RTT+3 ms. 

With this consideration, we prefer to introduce a new feature for NB-IoT, which indicates DCI overridden per-HARQ process configuration. This feature has two components: 1). UE gets RRC configuration for disabling HARQ feedback per UE per process; 2). UE receives DCI to override RRC configuration for disabling HARQ feedback. 

Correspondingly, the component of feature 2-1f should be modified such that it only aims to support the case of “DCI direct indication”.

Proposal 6: Introduce a new feature of “Dynamic overridden semi-static HARQ feedback disabling for NB-IoT” with the following components:
· UE gets RRC configuration for disabling HARQ feedback per UE per process.
· UE receives DCI to override RRC configuration for disabling HARQ feedback.

Proposal 7: In feature 2-1f, modify the component to “UE receives DCI indication to directly indicate HARQ feedback disabling”.

For eMTC over NTN with CE mode A, the HARQ feedback disabling for downlink transmissions is only via RRC configuration of per-HARQ process HARQ feedback enabling/disabling. This per-HARQ process configuration applies to both dynamic grant and SPS PDSCH. Furthermore, for the first SPS PDSCH after activation, it is additionally supported to configure a parameter to enable the HARQ feedback. 

Subsequently, a new feature 2-1d is defined as semi-static HARQ feedback disabling and a new feature 2-2 is defined as semi-static HARQ feedback disabling for SPS PDSCH. 

It is open on the granularity of the features 2-1d and 2-2. We think these features only apply on the band for NTN operations. Hence, it is natural these features are defined per band.

Proposal 8: The features 2-1d and 2-2 are defined per band.

It is open whether to merge feature 2-1d and feature 2-2. In our view, these two features could be defined separately. This provides UE implementation flexibility. A UE does not need to always support specific configuration on HARQ feedback enabling/disabling for the first SPS PDSCH after activation, even if the UE supports HARQ feedback disabling per HARQ process. 

Proposal 9: The features 2-1d and 2-2 are kept as separate features.

For improved GNSS operations for IoT NTN, four FGs were agreed. For the first component of FG 2-3a and FG 2-3b, i.e., UE reports GNSS position fix time duration for measurement and validation duration at least [during the initial access stage and in connected mode], it was only agreed UE reports GNSS position fix time duration during initial access stage in RAN1#110 bis-e meeting. If it’s supported to report GNSS position fixe time duration in RRC connected mode, this requires a new agreement in the main session.

	Agreement
UE reports GNSS position fix time duration for measurement at least during the initial access stage
· which message carries this information is up to RAN2 



Proposal 10: The first component of FG 2-3a and FG 2-3b is updated as 
· UE reports GNSS position fix time duration for measurement and validation duration at least during the initial access stage

For autonomous GNSS measurement, the main purpose is to perform GNSS measurement if aperiodic GNSS measurement triggering signaling is not received during the GNSS validity duration. In this way, the aperiodic triggering signaling is saved in some sense. There were no discussions on whether autonomous GNSS measurement can be performed independently from aperiodic GNSS operation configuration; otherwise, periodic GNSS operation should be prioritized. Thus, the prerequisite of autonomous GNSS operation is aperiodic-triggered GNSS operation. 

Proposal 11: The prerequisite FG of FG 2-4a is Rel. 18 2-3a, and the prerequisite FG of FG 2-4b is Rel. 18 2-3b.

For the second component of FG 2-4a and FG 2-4b, as the prerequisite of autonomous GNSS operation is aperiodic-triggered GNSS operation and the UE reported GNSS position fix time duration could be used by both aperiodic triggered GNSS measurement and autonomous GNSS measurement. therefore, the second component of FG 2-4a and FG 2-5b can be removed.

Proposal 12: The second component of FG 2-4a and FG 2-5b are to be removed.

For the reporting granularity of FG 2-3a, 2-3b, 2-4a and 2-4b, we think these features only apply to the band for NTN operations. Hence, it is natural these features are defined per band.

Proposal 13: The FG 2-3a, 2-3b, 2-4a, and 2-4b are defined per band.

Summary
In this contribution, we discuss the Rel-18 IoT NTN enhancement UE capability, and have the following proposals:

Proposal 1: The features 2-1a and 2-1b are defined per band.

Proposal 2: The features 2-1a and 2-1b are kept as separate features.

Proposal 3: Do not define a new feature for the combination of feature 2-1a and feature 2-1b. 

Proposal 4: The features 2-1e and 2-1f are defined per band.

Proposal 5: The features 2-1e and 2-1f are kept as separate features.

Proposal 6: Introduce a new feature of “Dynamic overridden semi-static HARQ feedback disabling for NB-IoT” with the following components:
· UE gets RRC configuration for disabling HARQ feedback per UE per process.
· UE receives DCI to override RRC configuration for disabling HARQ feedback.

Proposal 7: In feature 2-1f, modify the component to “UE receives DCI indication to directly indicate HARQ feedback disabling”.

Proposal 8: The features 2-1d and 2-2 are defined per band.

Proposal 9: The features 2-1d and 2-2 are kept as separate features.

Proposal 10: The first component of FG 2-3a and FG 2-3b is updated as 
· UE reports GNSS position fix time duration for measurement and validation duration at least during the initial access stage

Proposal 11: The prerequisite FG of FG 2-4a is Rel. 18 2-3a, and the prerequisite FG of FG 2-4b is Rel. 18 2-3b.

Proposal 12: The second component of FG 2-4a and FG 2-5b are to be removed.

Proposal 13: The FG 2-3a, 2-3b, 2-4a, and 2-4b are defined per band.
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