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Introduction
In WID RP-223064, following justification for IoT -NTN are mentioned. 
IoT operation is critical in remote areas with low/no cellular connectivity for many different industries, including e.g.: 
-	Transportation (maritime, road, rail, air) & logistics
-	Solar, oil & gas harvesting
-	Utilities
-	Farming
-	Environment monitoring
-	Mining etc.
The capabilities of NB-IoT and eMTC are a good fit to the above but will require satellite connectivity to provide coverage beyond terrestrial deployments, where IoT connectivity is required. There is an urgent need for a standardized solution allowing global IoT operation anywhere on Earth, in view of other solutions already available.
The completion level of the 3GPP RAN4 Rel-18 work item on NB-IoT/eMTC support for Non-Terrestrial Networks (NTN) has achieved 50% for core part at RP#97-e (Sep-2022). The Target Completion Date of the core part is December 2022, and the Target Completion Date of the performance part is June 2023. To fulfil the strong demand of IoT NTN, with the existing UE SIG conformance testing for Rel-17 NB-IoT/eMTC support for Non-Terrestrial Networks (NTN) including EPS aspects WI, there is a need to introduce an associated RAN5 work item to enable UE RF/RRM/Demod conformance testing for Rel-18 NB-IoT/eMTC core & performance requirements for NTN.
.
Topic #1: Common issue for eMTC and NB-IoT
In this chapter, general issues such as scenarios, channel models and demodulation requirement scope will be discussed.. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307022
	Nokia, Nokia Shanghai Bell
	Proposal 9: RAN4 shall introduce Test Tolerances for conducted and radiated performances within TS 36.181
Proposal 10: RAN4 to decide format for inclusion of frequency and timing offsets for PUSCH and PUCCH for TS 36.181.

	R4-2308425
	Ericsson
	Simulation results

	R4-2308898
	Huawei, HiSilicon
	Simulation results

	R4-2308428
	Ericsson
	Simulation results summary

	R4-2307021
	Nokia, Nokia Shanghai Bell
	pCR for introduction of SAN Demodulation requirements

	R4-2308427
	Ericsson
	draft CR: Introduction of SAN demodulation requirements for IoT-NTN

	R4-2308829
	Samsung
	Draft CR on SAN demodulation requirements for NB-IoT over NTN

	R4-2308899
	Huawei, HiSilicon
	pCR on IOT NTN demodulation performance requirements (TS36.181, Rel-18)

	R4-2307055
	Lockheed Martin
	Simulation results for NB-IoT NTN



Open issues summary
Sub-topic 1-1: Conformance test specification
Moderator’s observation:
The manufactory declarations and measurement uncertainties are missing in pCR prepared by companies, so moderator propose companies to discuss the issues.  The manufactory declaration and applicability rule are relevant, so they could be discussed together under specified physical channel requirements.

Issue 1-1-1: How to introduce measurement uncertainties and test tolerance for IoT NTN conducted and radiated performance requirements in TS 36.181. 
· Recommended WF
· Companies discuss if the eMTC and NB-IoT performance relevant measurement uncertainties and test tolerances defined in TS36.141 Table 4.1.2-3 and Table G.3-1 could be reused for IoT NTN (copied in following tables). 
	Subclause
	Maximum Test System Uncertainty1
	Derivation of Test System Uncertainty

	x.x.x	Performance requirements of PUSCH in multipath fading propagation conditions transmission on single antenna port
	±  0.6 dB
	Signal-to-noise ratio uncertainty ±0.3 dB
Fading profile power uncertainty ±0.5 dB

	x.x.x	ACK missed detection for single user PUCCH format 1a transmission on single antenna port
	±  0.6 dB
	Signal-to-noise ratio uncertainty ±0.3 dB
Fading profile power uncertainty ±0.5 dB

	x.x.x	PRACH false alarm probability and missed detection
	±  0.6 dB
	Signal-to-noise ratio uncertainty ±0.3 dB
Fading profile power uncertainty ±0.5 dB

	
	±  0.3 dB
	Overall system uncertainty for static conditions is equal to signal-to-noise ratio uncertainty.
Signal-to-noise ratio uncertainty ±0.3 dB

	In addition, the following Test System uncertainties and related constraints apply:

	AWGN Bandwidth
	≥ 1.08MHz; NRB x 180kHz according to BWConfig 

	AWGN absolute power uncertainty, averaged over BWConfig
	±1.5 dB


	AWGN flatness and signal flatness, max deviation for any resource block, relative to average over BWConfig
	±2 dB

	AWGN flatness over BWChannel, max deviation for any resource block, relative to average over BWConfig 
	+2 dB

	AWGN flatness and signal flatness, max difference between adjacent resource blocks
	±0.5 dB 

	AWGN peak to average ratio 
	≥10 dB @0.001%

	Signal-to noise ratio uncertainty, averaged over uplink transmission Bandwidth
	±0.3 dB

	Fading profile power uncertainty
	Test-specific

	Fading profile delay uncertainty, relative to frame timing
	±5 ns (excludes absolute errors related to baseband timing)




	Note 1:	Only the overall stimulus error is considered here. The effect of errors in the throughput measurements due to finite test duration is not considered.



	Test 
	Minimum Requirement in TS 36.104
	Test Tolerance
(TT)
	Test Requirement in TS 36.141

	x.x.x	Performance requirements of PUSCH in multipath fading propagation conditions transmission on single antenna port for supporting Cat-M1 UEs
	SINRs as specified
	0.6dB
	Formula: SINR + TT
T-put limit unchanged

	x.x.x	ACK missed detection for PUCCH format 1a transmission on single antenna port for supporting Cat-M1 UEs
	SNRs as specified
	0.6 dB
	Formula: SNR + TT
False ACK limit unchanged
Correct ACK limit unchanged

	x.x.x	CQI performance requirements for PUCCH format 2 transmission on single antenna port for supporting Cat-M1 UEs
	SNRs as specified
	0.6 dB

	Formula: SNR + TT
False CQI limit unchanged
Correct CQI limit unchanged

	x.x.x	PRACH false alarm probability and missed detection
	SNRs as specified
	0.6dB for fading cases
0.3dB for AWGN cases
	Formula: SNR + TT
PRACH False detection limit unchanged
PRACH detection limit unchanged 

	x.x.x	Performance requirements for NPUSCH format 1
	SINRs as specified
	0.6dB
	Formula: SINR + TT
T-put limit unchanged

	x.x.x	ACK missed detection for NPUSCH format 2
	SINRs as specified
	0.6dB
	Formula: SNR + TT
False ACK limit unchanged
Correct ACK limit unchanged

	x.x.x	Performance requirements for NPRACH
	SNRs as specified
	0.6dB for fading cases
0.3dB for AWGN cases
	Formula: SNR + TT
NPRACH False detection limit unchanged
NPRACH detection limit unchanged 




Issue 1-1-2: Format wording for frequency offset and timing offset for PUSCH and PUCCH in TS 36.181
· Proposal
· Option 1 (Nokia): Example of PUSCH CE mode A and B 
The test signal generator sends frames, and the receiver tries to demodulate the content. The frames are sent with certain frequency offsets as described below in Table 8.2.1.4.2-3 as well as certain timing offsets as described below in Table 8.2.1.4.2-4.
Table 8.2.1.4.2-3: Frequency Offsets for testing PUSCH
	Channel 
	No. Repetitions
	Tx duration in one segment
	Accumulated Frequency Offset 
(Hz)

	CEmode A
	8
	8ms
	4

	CEmode B
	256
	256ms
	128



Table 8.2.1.4.2-4: Timing Offsets for testing PUSCH
	Channel 
	No. Repetitions
	Tx duration in one segment
	Step size Δt

	CEmode A
	8
	8ms
	[0.01] µs per subframe

	CEmode B
	256
	256ms
	[0.01] µs per subframe



· Recommended WF
· Companies discuss the issue during the meeting.

Issue 1-1-3: Format wording for frequency offset and timing offset for NPUSCH in TS 36.181
· Proposal
· Option 1 (Huawei): Example of NPUSCH format 1
The signal generator sends a test pattern with the pattern outlined in Figure 8.2.1.4.2-1. The test signal generator sends frames, and the receiver tries to demodulate the content. The frames are sent with certain frequency and  gradual time offset per segment as described below in Table 8.2.1.4.2-3 and Table 8.2.1.4.2-4. The time offset is reset back to zero between segments.
[image: 3485DA75-BDE8-48D2-B041-78E08F81D465]
Figure 8.2.1.4.2-1: Test signal pattern for NPUSCH format 1 demodulation tests
Table 8.2.1.4.2-3: Frequency Offsets for testing NPUSCH format 1
	Cases
	Accumulated Frequency Offset

	Table 8.2.1.5-1
	160 Hz

	Table 8.2.1.5-2
	8 Hz



Table 8.2.1.4.2-4: Timing Offsets for testing NPUSCH format 1
	Cases
	Step size Δt

	Table 8.2.1.5-1
	0.32 us per RU

	Table 8.2.1.5-2
	0.01 us per RU



· Recommended WF
· Companies discuss the issue during the meeting.



Topic #2: SAN demodulation requirement for eMTC
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307022
	Nokia, Nokia Shanghai Bell
	[bookmark: _Toc134700108]Proposal 1: For PUSCH requirements, RAN4 shall have requirement for both propagation conditions (NTN-TDLC5-5 and NTN-TDLA100-5), which shall be included in TS 36.108 and TS 36.181.
Proposal 3: RAN4 to decide whether PUSCH format (CE A vs. B) applicability rules are required for TS 36.181.
Proposal 4: If PUSCH format applicability rule inclusion is agreed, follow NR NTN and use the following wording in a new “Applicability of requirements for different configurations” section: 
“Unless otherwise stated, PUSCH requirement tests shall apply only for the mapping type declared to be supported (see [D.100] in table [4.6-1]). If both mapping type A and type B are declared to be supported, the tests shall be done for either type A or type B; the same chosen mapping type shall then be used for all tests.”.
Proposal 5: RAN4 to decide whether PUCCH multi-slot applicability rules are required for TS 36.181
Proposal 6: If PUCCH multi-slot applicability rule inclusion is agreed, follow NR NTN and use the following wording in a new “Applicability of requirements for multi-slot PUCCH” section: 
“Unless otherwise stated, multi-slot PUCCH requirement tests shall apply only if the SAN supports it (see [D.105] in table [4.6-1])”.
Proposal 7: RAN4 to decide whether PRACH format applicability rules are required for TS 36.181
Proposal 8: If PRACH format applicability rule inclusion is agreed, follow NR NTN and use the following wording in a new “Applicability of requirements for different formats” section: 
“Unless otherwise stated, PRACH requirement tests shall apply only for each PRACH format declared to be supported (see [D.102] in table [4.6-1]).

	R4-2308426
	Ericsson
	Proposal 1: Set NTN-TDLC5-5 for PUSCH CE Mode A tests, and NTN-TDLA100-5 for PUSCH CE Mode B tests. 

	R4-2308897
	Huawei, HiSilicon
	1. Consider both NTN-TDLA and NTN-TDLC for PUSCH CE mode A, PUSCH CE mode B and NPUSCH format 1 requirements.

	R4-2308828
	Samsung
	Proposal 2: apply the same PRACH preamble test parameters for eMTC PRACH requirement in NTN scenario as following
	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	167
	22
	2

	2
	167
	22
	0

	3
	0
	22
	0



Proposal 3: Apply the same PRACH Configuration indexes (3,9,35, 51) for Format 0, Format 1, Format 2 and Format 3 requirements for IoT over NTN
 Proposal 5: The following channel model for requirement definition of SAN demodulation requirement can be considered
	· NTN-TDLA100-5Hz and NTN-TDLC5-5Hz for eMTC CE mode A/B
· NTN-TDLA100-5Hz for eMTC PUCCH and PRACH
· NTN_TDLA100-1Hz and NTN-TDLC5-1Hz for NB1/NB2 UE for NPUSCH1
· NTN_TDLC5-1Hz for NB1/NB2 UE for NPUSCH1
· NTN-TDLA100-1Hz for NPRACH






Open issues summary
The specific requirement assumptions  for eMTC SAN demodulation are discussed.
Sub-topic 2-1: PUSCH requirements

Issue 2-1-1: Channel model for PUSCH CE mode A
WF after RAN4#106bis-e: 
Option 1: NTN-TDLA100-5
Option 2: NTN-TDLC5-5
· Proposals
· Option 1 (Ericsson): NTN-TDLC5-5
· Option 2 (Huawei, Nokia, Samsung): Both NTN-TDLA100-5 and NTN-TDLC5-5
· Recommended WF
· Agree with NTN-TDLC5-5 and companies to furtherly discuss if NTN-TDLA100-5 is necessary for PUSCH CE mode A. 

Issue 2-1-2: Channel model for PUSCH CE mode B
WF after RAN4#106bis -e:
 Option 1: NTN-TDLA100-5
Option 2: NTN-TDLC5-5
· Proposals
· Option 1 (Ericsson): NTN-TDLA100-5
· Option 2 (Huawei, Nokia, Samsung): Both NTN-TDLA100-5 and NTN-TDLC5-5
· Recommended WF
· Agree with NTN-TDLA100-5 and companies to furtherly discuss if NTN-TDLC5-5 is necessary for PUSCH CE mode B.

Issue 2-1-3: Whether a manufactory declaration and an applicability rule are needed for PUSCH CE mode A and B
· Proposals
· Option 1: Yes.
· Option 2: No.
· Recommended WF
· Companies to discuss.

Issue 2-1-4: Applicability rule for PUSCH CE mode A and B
· Proposals
· Option 1 (Nokia): 
Unless otherwise stated, PUSCH requirement tests shall apply only for the mapping type declared to be supported (see [D.100] in table [4.6-1]). If both mapping type A and type B are declared to be supported, the tests shall be done for either type A or type B; the same chosen mapping type shall then be used for all tests.
· Recommended WF
· Depend on the agreement on Issue 2-1-3.

Issue 2-1-5: Manufactory declaration for PUSCH CE mode A and B
· [bookmark: _Hlk135209425]Recommended WF
· Depend on the agreement on Issue 2-1-3.
· Companies could check if similar manufactory declaration for PUSCH mapping type defined in TS38.181 could be referred. 

Sub-topic 2-2: PUCCH requirements
Sub-topic description 
The demodulation requirements for eMTC SAN PUCCH are discussed. 
Issue 2-2-1: Whether a manufactory declaration and an applicability rule are needed for multi-slot PUCCH 
· Proposals
· Option 1: Yes
· Option 2: No 
· Recommended WF:
· Companies to discuss. 

Issue 2-2-2: Applicability rule for multi-slot PUCCH 
· Proposals
· Option 1 (Nokia): 
Unless otherwise stated, multi-slot PUCCH requirement tests shall apply only if the SAN supports it (see [D.105] in table [4.6-1])
· Recommended WF:
· Depend on the agreement on Issue 2-2-1. 

Issue 2-2-2: Manufactory declaration for multi-slot PUCCH 
· Recommended WF
· Depend on the agreement on Issue 2-2-1.
· Companies could check if similar manufactory declaration for PUCCH multi-slot defined in TS38.181 could be referred


Sub-topic 2-3: PRACH requirements
Sub-topic description 
The demodulation requirements for eMTC SAN PRACH are discussed:
Issue 2-3-1: Preamble parameters for PRACH BF0/1/2/3
· Proposals
· Option 1 (Samsung):  Reuse legacy LTE eMTC PRACH parameters
	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	167
	22
	2

	2
	167
	22
	0

	3
	0
	22
	0



· Recommended WF:
· Companies to check if option 1 can be agreed. 

Issue 2-3-2: PRACH configuration index (prach-ConfigurationIndex)
· Proposals
· Option 1 (Samsung): Apply (3, 19, 35, 51) for PRACH format (0, 1, 2, 3) separately. (Same as the existing eMTC PRACH requirements in TS36.104).
· Recommended WF:
· Companies to check if option 1 can be agreed.

Issue 2-3-3: Whether a manufactory declaration and an applicability rule are needed for PRACH formats
· Proposals
· Option 1: Yes.
· Option 2: No.
· Recommended WF:
· Companies to discuss.

Issue 2-3-4: Applicability rule for PRACH formats
· Proposals
· Option 1 (Nokia):
Unless otherwise stated, PRACH requirement tests shall apply only for each PRACH format declared to be supported (see [D.102] in table [4.6-1])
· Recommended WF:
· Depend on the agreement of Issue 2-3-3.

Issue 2-3-5: Manufactory declaration for PRACH formats 
· Recommended WF
· Depend on the agreement on Issue 2-3-3.
· Companies could check if similar manufactory declaration for PRACH formats and SCS defined in TS38.181 could be referred. 


Topic #3: SAN demodulation requirement for NB-IoT
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307022
	Nokia, Nokia Shanghai Bell
	Proposal 2: For NPUSCH requirements, RAN4 shall have requirement for both propagation conditions (NTN-TDLC5-1 and NTN-TDLA100-1), which shall be included in TS 36.108 and TS 36.181.

	R4-2308426
	Ericsson
	Proposal 2: Set NTN-TDLA100-1 for 3.75kHz single tone tests and NTN-TDLC5-1 for 15kHz 12 tones tests.  

	R4-2308897
	Huawei, HiSilicon
	Proposal 1: Consider both NTN-TDLA and NTN-TDLC for PUSCH CE mode A, PUSCH CE mode B and NPUSCH format 1 requirements.

	R4-2308828
	Samsung
	Observation 1: The same duration for CE mode B and NPUSCH format 1 with 3.75KHz as 256ms
Observation 2: Minor performance different between the largest doppler offset between 160 and 128. 
Proposal 1: Update the value of largest doppler offset as 128 for NPUSCH format 1 with 3.75KHz to align with CE mode B with same transmission duration
Proposal 4: apply the same NPRACH preamble test parameters for NPRACH requirement in NTN scenario as following
	Parameters
	Value

	Narrowband physical layer cell identity 
	0

	Initial subcarrier index
	0



Proposal 5: The following channel model for requirement definition of SAN demodulation requirement can be considered
	· NTN-TDLA100-5Hz and NTN-TDLC5-5Hz for eMTC CE mode A/B
· NTN-TDLA100-5Hz for eMTC PUCCH and PRACH
· NTN_TDLA100-1Hz and NTN-TDLC5-1Hz for NB1/NB2 UE for NPUSCH1
· NTN_TDLC5-1Hz for NB1/NB2 UE for NPUSCH1
· NTN-TDLA100-1Hz for NPRACH






Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: NPUSCH 
Sub-topic description:
The demodulation requirements for NB-IoT SAN NPUSCH format 1 are discussed:
Issue 3-1-1: Channel model for NPUSCH format 1 (3.75kHz single tone)
WF after RAN4#106bis-e: 
Option 1: NTN- TDLA100-1
Option 2: NTN-TDLC5-1
· Proposals
· Option 1 (Ericsson): NTN-TDLA100-1.
· Option 2 (Nokia, Huawei, Samsung): NTN_TDLA100-1 and NTN_TDLC5-1
· Recommended WF
· Agree with NTN-TDLA100-1 and companies to furtherly discuss if NTN_TDLC5-1 is necessary for NPUSCH format 1 (3.75kHz single tone).

Issue 3-1-2: Channel model for NPUSCH format 1 (15kHz 12 tones)
WF after RAN4#106bis-e: 
Option 1: NTN- TDLA100-1
Option 2: NTN-TDLC5-1
· Proposals
· Option 1 (Ericsson): NTN-TDLC5-1
· Option 2 (Nokia, Huawei, Samsung?): NTN_TDLA100-1 and NTN_TDLC5-1
· Recommended WF
· Agree with NTN-TDLC5-1 and companies to furtherly discuss if NTN_TDLA100-1 is necessary for NPUSCH format 1 (15kHz 12 tones)

Issue 3-1-3: The largest Doppler offset for NPUSCH format 1 (3.75kHz SCS)
WF after RAN4#106bis-e: 160Hz
· Observations (Samsung)
· The same duration for CE mode B and NPUSCH format 1 with 3.75KHz as 256ms. 
· Proposals
· Option 1 (Samsung): 128Hz (to align with PUSCH CE mode B with same transmission duration)
· Option 2: Keep the value (160Hz) in WF of RAN4#106bis-e.
· Recommended WF
· Companies to discuss.

Sub-topic 3-2: NPRACH requirements
Sub-topic description 
The demodulation requirements for NB-IoT SAN NPRACH are discussed:
Issue 3-3-1: NPRACH preamble test parameters 
· Proposals
· Option 1 (Samsung): (Same configuration as the exiting NPRACH test parameters in TS36.141)
	Parameters
	Value

	Narrowband physical layer cell identity 
	0

	Initial subcarrier index
	0



· Recommended WF
· Companies to check if Option 1 can be agreed.
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