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1 Introduction
During RAN1#116 meeting, the following agreements were achieved for the study of IoT-NTN uplink capacity enhancement. 
	Agreement

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 (including Nslot level)

Repetition-level

RV-level

Intra-symbol pre-DFT spreading OCC 

Agreement

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 ([image: image2.png]Nru



) 

Up to proponent

Up to proponent

Modulation order [image: image4.png]



Up to proponent

Up to proponent

TBS ([image: image6.png]Irgs



)

Up to proponent

Up to proponent

Number of repetitions ([image: image8.png]


)

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




In this contribution, we will focus on several aspects related to study for IOT-NTN uplink capacity enhancement and share our consideration.

2 Discussion 
2.1 Scope of NPUSCH format 1 capacity enhancement

 For NR-NTN PUSCH capacity enhancement, it is clear for us that the uplink capacity enhancement doesn’t apply to Msg3 PUSCH during initial access, since it has been noted in the WID. However, for NPUSCH format 1, it is confused for us, whether the OCC multiplexing should be applied to NPUSCH format 1 during idle or inactive states. For NPUSCH format 1 during idle or inactive modes, it has two usage: the first one is to carry the msg3 payload for the RRC connection; the second one is to carry the EDT payload with or without Msg1/RAR transmission. In our view, if the OCC multiplexing could apply to EDT without msg1/RAR, then the second objective in the WID[1] should have RAN1 spec impact either. However, due to the limited TU and large work efforts for NPUSCH format 1 capacity enhancement during idle/inactive modes, it is better not to touch the discussion of this content. In general, further clarification on the current objectives is necessary. 
Proposal 1: Clarify whether OCC multiplexing can also be applied for NPUSCH during idle/inactive states, including Msg3 with and without Msg1/2 transmission.

2.2 Potential solutions for NPUSCH format 1 capacity enhancement 
According to the WID[1], for NPUSCH format 1 capacity enhancement, both single-tone and multi-tone should be considered. For single-tone NPUSCH format 1, since there is only one subcarrier in a SC-FDMA symbol, thus, only time-domain based OCC multiplexing solutions could be considered. For multi-tone NPUSCH format 1 transmission, 3, 6, or 12 subcarriers can be allocated by eNB indicating. In theory, frequency-domain OCC multiplexing solutions could be considered for multi-tone transmission. However, to avoid excessive workload, it is preferred by us to study the similar time domain OCC multiplexing approach for both single-tone and multi-tone.
Proposal 2: For both single-tone and multi-tone NPUSCH format 1, adopt the similar time domain OCC multiplexing approach.

2.3 Potential solutions for NPRACH capacity enhancement 

For NPRACH transmission, only single subcarrier with 3.75kHz SCS could be used. Thus, only time-domain OCC multiplexing could be considered. Besides, considering that different from LTE PRACH sequence, the NPRACH sequences are all “1”. Thus, it is nature to perform OCC multiplexing based on the current NPRACH structure. In general, there are different granularity for OCC multiplexing, including symbol-based OCC multiplexing, symbol group-based OCC multiplexing, as well as repetition-based OCC multiplexing. For symbol-based OCC multiplexing, it may be affected by the CP in front of the 5 symbols of PRACH format 0/1. For repetition-based OCC multiplexing, it may have more performance loss than symbol-group based OCC multiplexing due to the longer time duration for OCC multiplexing. Thus, symbols group-based OCC multiplexing should be prioritized for the study of NPRACH capacity enhancement.
Proposal 3: For NPRACH capacity enhancement, consider symbol-group based OCC multiplexing.  

2.4 Preliminary simulation results  
For NPUSCH format 1 with multi-tone, slot based symbol repetition is supported for legacy chnnel struture as follows. In this time domain channel structure, the repetition number indicated by the eNB is 8, which inclues 4 slot-based symbol repetitions and 2 RV cycling. Based on this structure, it is simple for the NPUSCH format 1 with multi-tone to support slot-based OCC multiplexing without symbol spreading anymore. To visually observe the performance, we conduct the LLS simulation for NPUSCH format 1 with multi-tone and provide our preliminary simulation results in Figure 2 and Figure 3. Besides, the detailed simulation assumption is provided in Table 1.
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Figure 1 Channel structure for NPUSCH format 1 with multi-tone transmission
Table 1 Simulation parameters for NPUSCH format 1 with slot-level OCC multiplexing

	Parameter
	value

	Channel model
	NTN, LEO 30°, Rural, LOS

	SCS
	15KHz

	subcarriers
	12

	repetitions
	8

	RUs
	2

	Slots per RU
	2

	symbols per slot
	7

	TBS
	72

	MCS
	2, QPSK

	DMRS
	Location: symbol#3
Density: 12

	OCC sequence
	Walsh

	Velocity of UE
	3km/h

	Frequency offset
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

	Timing offset
	Uniform random selection from [-97Ts, +97Ts] for all UEs

	Timing drift
	80us/s, with 4ms TA segmentation 

	Number of UEs
	1, 2, 4

	Performance metric 
	BLER@10%, aggerated throughput


In the simulation, we assume that the DMRS for different UEs are orthogonal to each other. The orthongality is ensured by covering the OCC sequence on the frequency domain of the DMRS symbols. Besides, UE impairment with frequency offset is also assumed. The frequency offset is reset for each slot in our simulation, and there is no frequency offset accumulation across slots. For the aggregated throughput, we use the following formula for simplifying the simulation. For each SNR, we can obtain the aggregated throughput based on the following calculation. 
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Figure 2 Simulation results for multi-tone NPUSCH format 1 with slot-level OCC multiplexing
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Figure 3 Aggregated throughput for multi-tone NPUSCH format 1 with slot-level OCC multiplexing
Table 2 Required SNR@ 10% BLER for multi-tone NPUSCH format 1 with slot-level OCC multiplexing
	Number of UEs
	SNR

	1
	-2.2

	2
	-1.8

	4
	-1.5


Based on the simulation results in Figure 2 and Table 2, it is obvious that the transmission performance of a single UE is the best, while the transmission performance of 4 UE multiplexing is the worst, with a loss of nearly 0.7 dB compared to the performance of a single UE. This is mainly because the time-varying charactersitic of the channel affects the orthogonality of OCC multiplexing.
Observation 1: For multi-tone NPUSCH format 1 with slot-level OCC multiplexing, the performance loss is 0.4 dB and 0.7 dB for 2 UE multiplexing and 4 UE multiplexing respectively. 
Figure 3 presents the aggregated throughput for a single UE, 2 multiplexed UEs, and 4 multiplexed UEs for multi-tone NPUSCH format 1 with slot-level OCC multiplexing. It is evident that the throughput increases with the number of multiplexed UEs and with the SNR. Furthermore, considering the trade-off between the link transmission performance of a single UE and the system throughput, the performance degradation for slot-level OCC multiplexing appears acceptable, even with a maximum of 4 multiplexed UEs. In addition, the slot-level OCC multiplexing scheme can also be applied to single-tone NPUSCH format 1 with 15kHz SCS, with modifications to the legacy channel structure.
Observation 2: Considering the trade-off between the link transmission performance of a single UE and the system throughput, the performance degradation for slot-level OCC multiplexing appears acceptable, even with a maximum of 4 multiplexed UEs.

Proposal 4: At least adopt the slot-level OCC multiplexing for NPUSCH format 1 with multi-tone. 
3 Conclusion  

In this contribution, we discuss several issues for the study of IoT-NTN PUSCH capacity enhancement. Based on the discussion, our views are summarized as follows.
Observation 1: For multi-tone NPUSCH format 1 with slot-level OCC multiplexing, the performance loss is 0.4 dB and 0.7 dB for 2 UE multiplexing and 4 UE multiplexing respectively. 
Observation 2: Considering the trade-off between the link transmission performance of a single UE and the system throughput, the performance degradation for slot-level OCC multiplexing appears acceptable, even with a maximum of 4 multiplexed UEs.

Proposal 1: Clarify whether OCC multiplexing can also be applied for NPUSCH during idle/inactive states, including Msg3 with and without Msg1/2 transmission.

Proposal 2: For both single-tone and multi-tone NPUSCH format 1, adopt the similar time domain OCC multiplexing approach.

Proposal 3: For NPRACH capacity enhancement, consider symbol-group based OCC multiplexing.  

Proposal 4: At least adopt the slot-level OCC multiplexing for NPUSCH format 1 with multi-tone.
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