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1	Introduction
At RAN1#114 it was agreed that we would decide at this meeting whether to run evaluations for IoT NTN to demonstrate fulfilment of the Reliability requirement for the HRC-s usage scenario. This contribution progresses on this direction and makes corresponding proposals.
2	Discussion
2.1	Whether to evaluate Reliability for IoT NTN
It is noted that as part of the SRIT submission, a component RIT (such as IoT NTN) is only required to fulfil the requirements for a single test environment, while the SRIT shall fulfil the requirements for all 3 test environments. However, it would be useful in our view to show the full capabilities of 3GPP technologies for satellite connectivity. 
At the same time, the priority for IoT NTN is to demonstrate sufficient alignment on the Connection Density evaluation. However, if that is already well-aligned at the present RAN1 meeting, and if there is willingness to contribute from e.g. 4 companies, then we believe some additional evaluation would be feasible. 
Proposal 1: If there is good alignment between results on IoT NTN Connection Density evaluation by the end of RAN1#114-bis, and a willingness from companies, allow IoT NTN Reliability evaluation to be performed until RAN1#115.
2.2	ITU-R requirement for HRC-s
The Reliability requirement is defined in [1] as the following:  
Reliability relates to the capability of transmitting a given amount of traffic within a predetermined time duration with high success probability.
Reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality.
The satellite component of IMT-2020 shall be able to support reliability as high as 1-10−3. The connection time duration required to meet the reliability target should be provided by the proponent of the submitted RIT/SRIT.
The proponent should report the reliability achievable by the candidate RIT/SRIT, and identify the assumed frequency band(s) of operation and the channel bandwidths in that(those) band(s).
The evaluation methodology for determining the reliability should follow the principles outlined in § 7.1.5 of Report ITU-R M.2412 with needed adaptations.
The evaluation is conducted in the Rural-HRC-s test environment (see § 8.2), applicable to handheld devices. 
2.3	Modelling assumptions and limiting the effort required
In [2] it is stated that: “It is sufficient to fulfil the requirement in either downlink or uplink, using either NLOS or LOS channel conditions”. Reliability in uplink direction may possibly be considered most relevant for IoT traffic operation.
Observation 1: ITU-R allows the Reliability requirement to be fulfilled in only uplink direction, which may possibly be considered most relevant for typical IoT operations.
For NR NTN, the same LLS and SLS assumptions for modelling the uplink direction have been applied for Connection Density Full buffer evaluations and for the Reliability evaluation. The same could apply for IoT NTN uplink evaluation assumptions.
Observation 2: The LLS and SLS assumptions from IoT NTN Connection Density can be reused to model uplink Reliability for IoT NTN.
In terms of the evaluation methodology/process, the steps described in section 7.1.5 of [2] are very similar to the full buffer approach used for the Connection Density evaluations, with some key points to highlight:
1) From the SLS, the 5%-ile point of the SINR cdf shall be used for SLS-LLS mapping.
2) A 0.1% packet error rate shall be used for the packet delay calculation, instead of 10% as agreed for the Connection Density evaluation. The application of HARQ retransmissions and repetitions to achieve the 0.1% packet error rate could be left for companies to report (see LLS in Appendix).
3) At RAN1#114, the following was agreed: “The modelling of delay / RTT for SLS is up to companies to report”. Therefore, this should be considered by each company when deriving the overall packet delay (see LLS in Appendix).
Observation 3: The difference to Connection Density simulations would be the LLS modelling spectrum efficiency at a lower BLER than 10%, or accounting for more HARQ retransmissions analytically compared to 10% BLER spectrum efficiency curves to estimate fulfilment of 0.1% BLER vs 10% BLER.
Proposal 2: For such IoT NTN Reliability evaluation, to reduce extra simulation effort compared to IoT NTN Connection Density evaluations it would be reasonable to focus IoT NTN simulations on uplink Reliability. 
Proposal 3: For such IoT NTN Reliability evaluation, the SLS assumptions for IoT NTN Connection Density to be reused. LLS assumptions to be reused with some additional considerations (full LLS proposed in the Appendix of this document), to account for different target BLER and delay estimation.
3	Proposal
The following observations and proposals are made:
Proposal 1: If there is good alignment between results on IoT NTN Connection Density evaluation by the end of RAN1#114-bis, and a willingness from companies, allow IoT NTN Reliability evaluation to be performed until RAN1#115.
Observation 1: ITU-R allows the Reliability requirement to be fulfilled in only uplink direction, which may possibly be considered most relevant for typical IoT operations.
Observation 2: The LLS and SLS assumptions from IoT NTN Connection Density can be reused to model uplink Reliability for IoT NTN.
Observation 3: The difference to Connection Density simulations would be the LLS modelling spectrum efficiency at a lower BLER than 10%, or accounting for more HARQ retransmissions analytically compared to 10% BLER spectrum efficiency curves to estimate fulfilment of 0.1% BLER vs 10% BLER.
Proposal 2: For such IoT NTN Reliability evaluation, to reduce extra simulation effort compared to IoT NTN Connection Density evaluations it would be reasonable to focus IoT NTN simulations on uplink Reliability. 
Proposal 3: For such IoT NTN Reliability evaluation, the SLS assumptions for IoT NTN Connection Density to be reused. LLS assumptions to be reused with some additional considerations (full LLS proposed in the Appendix of this document), to account for different target BLER and delay estimation.
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Appendix: Proposed LLS for IoT NTN Reliability
Note: additions in red compared to Connection Density LLS assumptions
	NB-IoT Uplink
	Value

	Physical channel
	NPUSCH

	Simulation bandwidth
	Single tone

	SCS
	15kHz

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Transmission mode
	SISO

	Transmission rank
	1

	TBS
	256

	Modulation order
	BPSK-π/2, QPSK-π/4

	Number of Resource units
	2,3,4,5,6,8,10

	Number of repetition
	1,2,4,8,16 (to be reported)

	Channel estimation
	LMMSE

	Channel coding scheme
	Turbo code

	Doppler spread
	5Hz

	UL DMRS config
	As per TS 36.211 (1 DMRS per slot)

	HARQ retransmissions
	To be reported

	Additional Delay components (feeder link etc)
	To be reported




	eMTC Uplink
	Value

	Physical channel
	PUSCH

	Simulation bandwidth
	1 PRB

	SCS
	15kHz

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Transmission mode
	SISO

	Transmission rank
	1

	TBS
	256

	Modulation order
	QPSK

	Number of repetition
	1,2,4,8,16,32… (to be reported)

	Channel estimation
	LMMSE

	Channel coding scheme
	Turbo code

	Doppler spread
	5Hz

	UL DMRS config
	2 OFDM symbols per subframe

	HARQ retransmissions
	To be reported

	Additional Delay components (feeder link etc)
	To be reported



	1/4	
