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[bookmark: _Ref513464071]Introduction
In RAN #102 meeting, the WI for R19 NR NTN for Phase 3 [1] is approved, and revised in RAN # 103 meeting as [2]. 
For UL capacity enhancement, IoT NTN WID has the following objective to improve the UL capacity: 

	· [bookmark: _Hlk165903507]Support of Capacity enhancements for uplink

· 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, RAN4]

· 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


· Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction [RAN2]:
· Msg3 transmission without msg1/RAR
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete


 
The following agreements were reached in RAN1 #116Bis [3] meeting:
	Agreement
For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:

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

For OCC evaluations:
Up to proponent

	For baseline evaluations:
OS#3 per slot for 15kHz

For OCC evaluations:
Up to proponent




Agreement
At least the following NPRACH OCC schemes are considered by RAN1 for study:
· Intra-symbol group OCC
· Inter-symbol group(s) OCC
· Inter-repetition OCC 

Agreement
The study of OCC for NPRACH does not consider NPRACH format 2.

Agreement
The following evaluation assumptions are used for the study of OCC for NPRACH:

	
	Parameter
	value

	Scenario
	Orbit and elevation angle
	GEO at 12.5 degrees; LEO600 at 30 degrees

	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
	NPRACH format
	1 or 0

	
	MIMO scheme
	SISO

	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to proponent

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to proponent

	
	Velocity of UE
	3km/h

	
	Total NPRACH time / frequency resource utilisation
	To be reported by proponent. 


	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

	
	SNR operating point
	Report SNR where target detection probability and false alarm probability are reached for baseline and OCC schemes



Agreement
OCC multiplexing is not supported between a UE using NPUSCH format 1 with 3.75kHz SCS and another UE using NPUSCH format 1 with 15kHz SCS.

Agreement
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.

Agreement
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers at least the following for further study:
· TDM of DMRS. The time domain locations of DMRS for different UEs are different. No OCC is applied for the DMRS of different UEs. 
· FFS: Detailed mapping 
· CDM of DMRS. The time domain locations of DMRS for different UEs are the same. Different OCCs are applied for the DMRS of different UEs. 
· FFS: Detailed mapping
· Other schemes are not precluded, including combinations of the above


Agreement
For the NPUSCH evaluation assumptions, update the frequency error assumption, as follows.

	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.
For GEO, the same frequency error is applied to each subframe of a transport block.
For LEO, the same frequency error is applied to each subframe of a segment (if applied in the evaluation). Companies to report their assumption on frequency error across segments.





The following agreements were reached in RAN1#116 [4] meeting:
	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 () 
	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





In this contribution, we discuss some aspects of UL capacity enhancement for IoT NTN devices.
Need for Uplink Capacity Enhancement for IoT NTN

Wide Beams in Satellites:
For satellite based communications, due to large distance between the satellites and the devices on the earth, the beams become very wide. Thus, cell coverage spans many dozens of kms for LEO and may even span hundreds of kms for GSO.
Large Number of UEs per Beam:
Due to large coverage per satellite beam, and the exploding number of devices with varying capabilities and categories, the number of devices per beam may be very large. This amounts to very limited resource availability per device in NTN networks.
Support of Low-cost IoT Type of Devices:
NTN networks already support IoT operation, based upon NB-IoT and eMTC devices. With proliferation of satellite constellations and more devices in the field equipped with IoT NTN capabilities, this leads to a large number of devices, many thousands per sq km present in the coverage of a satellite beam. 
Spectrum Scarcity:
Although NTN is supporting new device categories and new device types, the spectrum available for these devices is not scaling up. Thus, to avoid spectrum being bottleneck for communication in NTN, the devices need to be simultaneously supported for UL transmissions which is one of the major use cases in NTN.
[bookmark: _Hlk165915735]
Observation 1: Wide satellite beams, large number of UEs, IoT support and spectrum scarcity all lead to very limited uplink resource availability per UE for uplink transmission.

Uplink Coverage Enhancements with large number of repetitions:
Due to limited Tx power of the IoT devices and very large propagation distance, the uplink channels have always been considered a bottleneck for NTN networks. 
For devices based on NB-IoT and eMTC, a lot of PUSCH repetitions are done typically to achieve successful detection at the network nodes even for terrestrial networks.
[bookmark: _Hlk158904985]Observation 2: Large number of PUSCH repetitions inherent to NB-IoT and eMTC UL transmissions lead to very poor uplink throughput and capacity. 

Uplink Capacity Enhancement for IoT NTN

Rel-19 WID for IoT NTN [1] has specified the objective of uplink capacity enhancement through the use of orthogonal cover codes if found beneficial. We discuss the capacity enhancement for NPUSCH and NPRACH in the following sub-sections.
OCC for NPUSCH Format 1
The NPUSCH is dedicated to the transmission of data and control information from the UE side. In this respect, two formats are supported: Format 1 for data and Format 2 for control information (i.e., ACK/NACK). Rel-19 scope for IoT NTN UL capacity enhancement is limited to NPUSCH Format 1. NPUSCH Format 1 supports both single tone and multi-tone based transmissions. Single tone transmissions can use 3.75 kHz and 15 kHz SCS whereas multi-tone transmissions can only use 15 kHz SCS.
3GPP introduces a concept of “Resource Unit (RU)” for both single tone and multi-tone transmissions in NB-IoT. A “resource unit (RU)” represents the smallest unit that can be transmitted in uplink regardless of the subcarrrier spacing being used and depends only on the transmission option (i.e., single-tone or multi-tone). For the single-tone transmissions using 15 kHz or 3.75 kHz spacing, one RU will have exactly the same number of REs (112 REs). For multi-tone transmissions, one RU will have 168 REs.
In the case of single-tone transmission, using a subcarrier spacing of 3.75 kHz or 15 kHz, the repetition process is the same for both SCSs. Thus, if NRU x NUL slots of NPUSCH data are to be transmitted where NRU is the number of resource units and NUL is the number of slots in the resource unit, and NPUSCH is scheduled to be repeated NRep times, the process is carried out as follows: One repetition comprising of NRU x NUL slots of data are first transmitted, then another NRU x NUL slots are transmitted and so on up to the NRep repetitions. For single tone transmission, the most straight-forward approach would be to apply the orthogonal cover code at the repetition level where each repetition will span NRU x NUL slots.
[bookmark: _Hlk165915751]Proposal 1: For NPUSCH Format 1 single tone transmissions, OCC is applied at transport block repetition level.
Applying the OCC to NPUSCH Format 1 single tone transmissions at repetition level granularity may have the least specification impact, but it may have limitations on the performance of OCC due to the large time span an OCC sequence will take to transmit. As each repetition may take NRU x NUL slots, in theory, the channel should not change (much) for the time span of an OCC sequence which can be over OCC_Length x NRU x NUL slots. Even if the physical channel stays constant, the hardware imperfections, most notably the frequency error introduced by crystal oscillator, may be detrimental to the OCC performance. For this reason, supporting the application of OCC at slot level granularity may be a better option.
[bookmark: _Hlk165915758]Proposal 2: For NPUSCH Format 1 single tone transmissions, support inter-slot level OCC.
For multi-tone transmissions, the repetitions are done different to single tone transmissions. For the case of multi-tone transmissions, the first two slots among the scheduled/assigned resource units are repeated fully or partially and then next two slots, and so on. One method to increase capacity for multi-tone transmission could be to apply the orthogonal cover code to each repetition unit of two slots. This would though require that different UEs who share the same time frequency resource using different cover codes are scheduled with the same repetition parameters.
[bookmark: _Hlk165915768]Proposal 3: For NPUSCH Format 1 multi tone transmissions, OCC is applied at repetition unit level (e.g., 2 slots).
In a bid to keep the uniform processing for NPUSCH Format 1 single and multi-tone transmissions, OCC application at slot level can be supported. For multi-tone transmissions, slot level OCC can be of interest to contain the frequency error impairments and to have a unified design with single tone design.
[bookmark: _Hlk165915776]Proposal 4: For NPUSCH Format 1 multi tone transmissions, support inter-slot level OCC.

In RAN1#116Bis meeting, there were discussions whether the OCC is designed for single tone transmissions or if OCC can be applied to multi tone transmissions. As the UL transmissions in IoT NTN are limited by the UE power, the network can schedule multiple UEs over single tones increasing the power over single tones instead of assigning them multi tone resources. Beyond orthogonalizing time-frequency resources, if additional power/capacity is required, a new domain, e.g., code domain will be required to schedule multiple UEs.  For this reason, the single tone transmissions may have higher priority for OCC support. 
[bookmark: _Hlk165915796]Proposal 5: OCC design for NPUSCH Format 1 is prioritized for single tone transmissions.

OCC for NPRACH
The NPRACH is dedicated to the transmission of the NB-IoT preamble which is the first transmitted signal by the UE towards the eNB in order to request access to the network. Each preamble is composed of four groups of symbols. The subcarrier spacing used for the transmission of NPRACH is equal to 3.75 kHz. In order to reduce the probability of collision between the preambles transmitted from different UEs in a cell, the mechanism of frequency hopping is used. In NB-IoT, different coverage enhancement levels may be defined. For each CE level, broadcast system information provides the RACH related configuration parameters. For each NPRACH configuration Nrep is provided which denotes the number of repetitions per preamble attempt. The OCC application to the NPRACH transmission can be facilitated if the cover codes are applied to the preamble repetitions which are already supported per preamble attempt.
[bookmark: _Hlk165915809]Proposal 6: For NPRACH capacity enhancement, OCC may be applied to the repetitions per preamble attempt.
In this manner, even if more than one UEs select a given preamble, they can be demultiplexed within the code domain thanks to the application of orthogonal cover codes to each preamble repetition. NPRACH preamble repetitions with OCC need to be investigated from the time coherence perspective as the performance may degrade with longer time span an OCC sequence gets transmitted.
Another method can be to apply OCC within each NPRACH preamble, at the basis of symbol group. Each NPRACH preamble is transmitted over 4 symbol groups. OCC application to NPRACH at symbol group level may be interesting from time coherence perspective as symbol groups are consecutive in time and have shorter span than preamble repetitions.

[bookmark: _Hlk165915820]Proposal 7: For NPRACH capacity enhancement, OCC may be applied to the symbol group per preamble.

Following the strategy of separate NPRACH resource provisioning for different coverage levels, OCC based NPRACH resources can be multiplexed with legacy NPRACH resources to avoid the problem of near far effect. The multiplexing between the OCC based NPRACH resources and legacy NPRACH resources can be in frequency domain, time domain or a combination of time and frequency. Rel-19 NTN UEs may receive additional configuration for OCC based NPRACH transmissions, which may be provided through broadcast signalling.
[bookmark: _Hlk158905438]Proposal 8: Separate configurations are provided for legacy and OCC based NPRACH transmissions.

Conclusions
In this contribution, the following observations are made for IoT NTN UL capacity enhancements:
Observation 1: Wide satellite beams, large number of UEs, IoT support and spectrum scarcity all lead to very limited uplink resource availability per UE for uplink transmission.
Observation 2: Large number of PUSCH repetitions inherent to NB-IoT and eMTC UL transmissions lead to very poor uplink throughput and capacity. 
The observations and the discussion in this document lead to the following proposals:
Proposal 1: For NPUSCH Format 1 single tone transmissions, OCC is applied at transport block repetition level.
Proposal 2: For NPUSCH Format 1 single tone transmissions, support inter-slot level OCC.
Proposal 3: For NPUSCH Format 1 multi tone transmissions, OCC is applied at repetition unit level (e.g., 2 slots).
Proposal 4: For NPUSCH Format 1 multi tone transmissions, support inter-slot level OCC.
Proposal 5: OCC design for NPUSCH Format 1 is prioritized for single tone transmissions.
Proposal 6: For NPRACH capacity enhancement, OCC may be applied to the repetitions per preamble attempt.
Proposal 7: For NPRACH capacity enhancement, OCC may be applied to the symbol group per preamble.
Proposal 8: Separate configurations are provided for legacy and OCC based NPRACH transmissions.
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