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Introduction
This contribution describes ETRI’s views on IoT NTN uplink capacity enhancement operating in FR1-NTN bands based on the highlighted part of Table 1 and Table 2

[bookmark: _Ref158889992]Table 1. An objective on support of Capacity enhancement for uplink in [1][2].
	[bookmark: _Hlk163043082]Support of Capacity enhancement for uplink in IoT NTN 
· Study then specify, if beneficial, enhancements to enable multiplexing of multiple UEs (e.g. up to the min of 4 and the maximum allowed by the existing UL and DL signalling) in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH [RAN1, RAN2]
· Multi-tone support for 15 kHz SCS should also be considered
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed

Note: Impact of impairment shall be taken into account



In addition, there are two agreements in RAN1 #116 meeting.  

Table 2. Agreements in [3].
	Agreement#116-IoT-NTN #1
For single-tone NPUSCH format 1 transmissions with both 3.75kHz and 15kHz SCS, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level 
· Repetition-level
· RV-level

For multi-tone NPUSCH format 1 transmissions, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level
· Repetition-level
· RV-level
· Intra-symbol pre-DFT spreading OCC 

Agreement#116-IoT-2
The following evaluation assumptions are used for the study of OCC for NPUSCH format 1:

	
	Parameter
	value

	scenario
	orbit
	GEO
	LEO600

	
	Elevation angle 
	12.5 degree
	30degree

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs
Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs

Proponent to report the value of Pimb (can be zero) and justification for the chosen value

	transmitter 
	SCS
	3.75KHz and 15KHz
	15kHz

	
	Number of tones
	Single tone 
	Single tone and multi tone up to 12 tones

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	MIMO scheme
	SISO

	
	DMRS configuration 
	For baseline evaluations:
OS#3 per slot for 3.75kHz
OS#4 per slot for 15kHz

For OCC evaluations:
Up to proponent

	For baseline evaluations:
OS#4 per slot for 15kHz

For OCC evaluations:
Up to proponent


	
	Number of resource unit () 
	Up to proponent

	Up to proponent


	
	Modulation order 
	Up to proponent

	Up to proponent


	
	TBS ()
	Up to proponent

	Up to proponent


	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to 4

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to 4

	
	Velocity of UE
	3km/h

	receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation

	KPI
	SNR at 10% BLER
	Report for baseline and OCC schemes

	
	Aggregated throughput 
	Total throughput of up to 4 UEs multiplexed







Discussions
NPUSCH format 1 capacity enhancement
OCC scheme 
 In RAN1#116 meeting, we discussed how to apply the OCC scheme to a single tone and multi-tone NPUSCH format 1. For single tone mode, we should consider to prioritize the time domain OCC scheme study for 3.75kHz/15kHz SCS in NPUSCH format 1. As agreed in Table 2, we should consider to study that each UE should be capable of spreading across inter symbol, inter slot, inter repetition, and inter RV (Redundancy Version) levels using different OCC sequences. It is assumed that different UEs are multiplexed in the code domain to keep an orthogonality condition that is not limited, severely. 

Proposal 1: For NPUSCH format 1 single tone mode transmission, consider to prioritize the time domain OCC scheme for further study





To apply the OCC sequence to symbol, slot, and extra, we should figure out the RU (Resource Unit) allocation parameter according to different transmission modes as indicated in Table 3. An NPUSCH format 1 can have  slots in time where  the number of repetitions,  the number of uplink slots per RU, and the number of subcarriers in frequency per RU.  

Table 3. Resource allocation parameters for different transmission mode  
	Transmission mode
	

	

	

	

(repetition unit)

	3.75kHz - 1 tone
	1
	2
	16
	1

	15kHz - 1 tone
	1
	2
	16
	1

	15kHz - 3 tones
	3
	4
	8
	2

	15kHz - 6 tones
	6
	8
	4
	4

	15kHz - 12 tones
	12
	16
	2
	4



However, when symbol level spreading is considered, there is a specific case that spreading symbol length could be not aligned with a slot boundary by OCC sequence length as shown in Figure 1. Here, SN-K is an arbitrary complex RE symbol where N and K stand for the number of UEs and the number of symbols, respectively. ON-K is an arbitrary OCC sequence that each UE is assigned by NPDCCH or RRC reconfiguration signalling. Therefore, we propose to study different OCC spreading levels considering the specific resource allocation parameter according to different NPUSCH format 1 transmission modes when considering OCC sequence length to enhance capacity.  
[image: ]
Figure 1. Conceptual diagram of time domain symbol level OCC scheme in NPUSCH format 1 (single tone mode)

Proposal 2. Support to analyze different OCC spreading levels and sequence length granularity  considering the specific resource allocation parameter (RU duration) in Table 3 according to different NPUSCH format 1 transmission modes
Next, we should consider the time domain OCC scheme for multi-tone in NPUSCH format 1. In the case of multi-tone, NPUSCH format 1 data of each UE can spread across inter symbol, inter slot, inter repetition, and inter RV (Redundancy Version) levels using different OCC sequences. In addition, we should consider intra-symbol pre-DFT spreading OCC for multi-tone mode in NPUSCH format 1. BPSK/QPSK symbols are repeated and spread as OCC sequence length before DFT precoding as shown in Fig. 2. When the consecutive complex RE symbols chunk is spread by OCC sequence and applied to the DFT precoding operation, the output signal can be mapped to each subcarrier in frequency domain. Fig. 2. shows that 6 BPSK/QPSK symbols (REs) chunk is spread to 12 symbols through block-wise multiplication with two different OCC sequences such as [1, 1] and [1 -1].  It can be noticed that the OCC sequence length could be divided by the number of subcarriers of uplink RU. 
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Figure 2. Block diagram of OCC Multiplexing in NPUSCH format 1 (6 multiple tone mode)

Evaluation Assumption

In RAN1#116, as shown in Table 2, the evaluation scenario has been agreed for NPUSCH format 1 to study uplink capacity/throughput enhancement using the OCC scheme. The parts to be discussed are highlighted in yellow. In case of power imbalance, we consider 0.2dB in the GEO case. Referring to table 6.2-6 set 3 satellite parameters, the gap of free space path loss is around 0.2dB between a UE located at the edge of a beam (at 12.5 degrees of the elevation angle) and a UE located at the cent of a beam (at 20.88 degrees of the elevation angle) However, the gap of free space path loss is around 5.1dB in LEO600 case. Referring to table 6.2-7 Set 4 satellite parameter, a UE located at the edge of a beam (at 30 degrees of elevation angle) and UE located at the center of a beam (at 90 degrees of elevation angle) of free space path loss, amount to 159.1 dB and 154dB, respectively[4]. Therefore, we can consider to use a maximum of 5.1 dB in the worst case. If the power imbalance factor limits the uplink capacity enhancement, the power imbalance requirements are considered to be introduced in RAN4 WG [5] and the transmission power of each UE should be configured by the serving eNB via NPDCCH format in section 2.1.3. [6]

Observation 1. Up to 5.1 dB of Pimb value can be utilized for power imbalance in NPUSCH format 1.

Table 4. Evaluation Parameters for NPUSCH format 1 
	
	Parameter
	Value

	scenario
	orbit
	GEO
	LEO600

	
	Elevation angle 
	12.5 degree
	30 degree

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C (LOS)
The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs
Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between Max.5.1dB for all UEs

	transmitter 
	SCS
	3.75KHz and 15KHz
	15kHz

	
	Number of tones
	Single tone 
	3, 6, 12

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	No. of Tx/Rx
	1/1

	
	DMRS configuration 
	For baseline evaluations:
OS#4 per slot for 3.75kHz
OS#3 per slot for 15kHz
	For baseline evaluations:
OS#3 per slot for 15kHz


	
	Number of resource unit () 
	
	

	
	Modulation order 
	BPSK/QPSK
	BPSK/QPSK 

	
	TBS ()
	
	

	
	Number of repetitions ()
	

	
	OCC length 
	Up to 4

	
	OCC sequence
	Walsh, DFT 

	
	Number of UE
	Up to 4

	
	Velocity of UE
	3km/h

	receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation

	KPI
	SNR per UE
	10% BLER

	
	Aggregated throughput 
	Total throughput of up to 4 UEs multiplexed



In addition to the DM-RS configuration in Table 4, DM-RS symbol is located on OS #4 for 3.75kHz and on OS #3 for 15kHz according to the demodulation reference signal location for NPUSCH format 1 in Table 10.1.4.2-1 in [7]. Therefore, it should be updated if necessary.

Proposal 3. Check to revise the reference symbol location of DM-RS configuration in different SCS values for NPUSCH format 1 evaluation in Table 2 [3] (to be aligned with TS 36.211 [7]):
	DMRS configuration 
	For baseline evaluations:
OS#4 per slot for 3.75kHz
OS#3 per slot for 15kHz
	For baseline evaluations:
OS#3 per slot for 15kHz




High Layer Signaling 
The eNB provides information related to uplink transmission scheduling indication parameters including OCC sequence configuration information such as sequence type (e.g. DFT or Walsh), repetition & spreading level, sequence length, and extra through a narrowband physical control channel (NPDCCH), semi-static and/or dynamically. We think the UE is capable of receiving DCI (downlink control indicator) information through NPDCCH (DCI format N0). 

Proposal 4. RAN1 to study the configuration information related with the OCC spreading scheme 

NPRACH capacity enhancement

OCC scheme 
There are repetitive five symbols within a symbol group in NPRACH format 1. For CFO impairment and co-existence with legacy NPRACH format 1, we should prioritize to study symbol level OCC scheme within a symbol group. 

Proposal 5. RAN1 to prioritize to study symbol level OCC scheme within a symbol group in NPRACH format 1.


Evaluation Assumption
According to the FL summary [3] in RAN1#116, the evaluation assumption was discussed as shown in Table 5, for NPRACH format 1 to study uplink capacity/throughput enhancement using the OCC scheme. The parts to be discussed are highlighted in yellow. The Max. 5.1dB of Pimb value can be utilized for power imbalance like NPUSCH format 1. In addition to the processing of NPRACH detection in the demodulator, realistic CFO estimation and compensation should be included to evaluate the performance.

Observation 2. Up to 5.1 dB of Pimb value can be utilized for power imbalance in NPRACH format 1.

Table 5. Evaluation Parameters for NPRACH format 1
	
	Parameter
	Value

	scenario
	orbit
	GEO
	LEO600

	
	Elevation angle 
	12.5 degree
	30degree

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C (LOS)
The channels from different UE are independent.

	
	Frequency error
	
0.1 ppm for target UE, 
Random selection from [-0.1 ppm, +0.1 ppm] for interfering UEs
Variation of frequency error is negligible.

	
	Timing error
	
97Ts for target UE
Random selection from [-97Ts, +97Ts] for interfering UEs
80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between Max. 5.1dB for all UEs

	transmitter 
	SCS
	3.75kHz (single tone)

	
	Format 
	NPRACH format 1

	
	Frequency hopping
	w. frequency hopping

	
	No. of Tx/Rx
	1/1

	
	Number of repetitions ()
	

	
	OCC length 
	4

	
	OCC sequence
	Walsh, DFT sequence

	
	Number of UE
	4

	
	Velocity of UE
	3km/h

	receiver
	CFO estimation
	Realistic

	KPI
	Missed detection rate
	1%

	
	False alarm rate
	0.1%




Conclusion
In this contribution, ETRI’s views on IoT NTN uplink capacity/throughput enhancement were shown and the following observations and proposals were made:
Observation 1. Up to 5.1 dB of Pimb value can be utilized for power imbalance in NPUSCH format 1.

Observation 2. Up to 5.1 dB of Pimb value can be utilized for power imbalance in NPRACH format 1.

Proposal 1: For NPUSCH format 1 single tone mode transmission, consider to prioritize the time domain OCC scheme for further study

Proposal 2. Support to analyze different OCC spreading levels and sequence length granularity  considering the specific resource allocation parameter (RU duration) in Table 3 according to different NPUSCH format 1 transmission modes

[bookmark: _GoBack]Proposal 3. Check to revise the reference symbol location of DM-RS configuration in different SCS values for NPUSCH format 1 evaluation in Table 2 [3] (to be aligned with TS 36.211 [7]):
	DMRS configuration 
	For baseline evaluations:
OS#4 per slot for 3.75kHz
OS#3 per slot for 15kHz
	For baseline evaluations:
OS#3 per slot for 15kHz




Proposal 4. RAN1 to study the configuration information related with the OCC spreading scheme 

Proposal 5. RAN1 to prioritize to study symbol level OCC scheme within a symbol group in NPRACH format 1.
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