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1 Introduction
[bookmark: _Hlk145277988]In RAN1#116, it was discussed on evaluation methodologies for enhancements to enable multiplexing of multiple UEs in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH. Following agreements were achieved. This contribution focuses on discussing on several aspects for 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 () 
	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







2 Discussion
OCC schemes for NPUSCH
	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 


Multiple OCC schemes are captured in the above agreement. Firstly, since intra-symbol pre-DFT spreading OCC is evidently not applied to single-tone NPUSCH format 1, this scheme should not be discussed further as a candidate OCC scheme if OCC scheme is considered as beneficial. Furthermore, though multiple OCC schemes are listed up in the agreement for single-tone NPUSCH format 1 and multi-tone NPUSCH format 1, respectively. Unified solution should be considered regardless of single-tone NPUSCH format 1 and multi-tone NPUSCH format 1. For example, such situation like “symbol-level” OCC for single-tone NPUSCH format 1 and “slot-level” OCC for multi-tone NPUSCH format 1 should be avoided because of the limited TU and potential specification impact. 
Proposal 1: RAN1 strives to have unified solution for single-tone and multi-tone NPUSCH format 1. 
Proposal 2: RAN1 does not discuss intra-symbol pre-DFT spreading OCC for multi-tone NPUSCH format 1. 

	OCC schemes for NPRACH
Several aspects were discussed for evaluating OCC scheme for NPRACH. Before evaluating OCC scheme, some companies provided their concern on the feasibility of OCC scheme for NPRACH. For example, NPRACH has been designed to have repetition with frequency hopping. That’s why keeping orthogonality might be difficult to receiver side, especially in NTN. Actually, though there is a mechanism to pre-compensate time/frequency for uplink transmission in IoT NTN, it is not clear whether OCC performance could be achieved in reality. Besides, there would be lots of potential issues to be further discussed other than PRACH design. For example, potential impacts on RAR that may require RAN2 involvement. Considering the limited time, it is preferable to deprioritize enhancement for NPRACH if significant gain is not observed. 

Conclusion
This contribution discussed on evaluation assumptions for uplink capacity/throughput evaluation. Followings are proposals in this contribution. 
Proposal 1: RAN1 strives to have unified solution for single-tone and multi-tone NPUSCH format 1. 
Proposal 2: RAN1 does not discuss intra-symbol pre-DFT spreading OCC for multi-tone NPUSCH format 1. 
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