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In RAN#102, the New WID: Non-Terrestrial Networks (NTN) for NR Phase 3 is approved [1]:

	The objectives of the work item are the following:

2. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design



In RAN1#116, the following agreements are made [2]
	Agreement
Adopt the table below for assumptions for Evaluation parameters for link level evaluation in NR NTN UL capacity and throughput enhancements

	Parameter
	Value

	Channel model
	· NTN-TDL-C Rural, 30° elevation angle

	Carrier frequency
	· 2 GHz

	Subcarrier spacing
	· 15 kHz

	UE speed
	· 3 km/h

	Frequency hopping 
	· No frequency hopping

	PUSCH mapping type A with
	· 14 OS- for OCC across slots including DMRS 

	HARQ configuration 
	· No HARQ

	Channel coding
	· LDPC

	TBS
	Reported by companies, e.g.
· ≈184 bits payload @AMR 4.75kbps96 bits @Low data rate

	DMRS configuration / port / bundling
	1 port per UE
Reported by companies
· DMRS positions for single-symbol DMRS and optional double-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 respectively with ld=14, l0=2 and pos1 in [38.211].
· up to 8 DMRS Ports
Optional DMRS Bundling

	PRBs/MCS
	Reported by companies, e.g. 
· 1 PRB, 2 PRBs
· MCS in Table 6.1.4.1-2 in [TS 38.214]

	Max repetition number
	· Reported by companies – up to 20 for VoIP, up to 32 for low data rates

	OCC length 
	Reported by companies, e.g.
·  Up to 8

	OCC sequence
	Reported by companies, e.g.
· Walsh sequences in Table 6.3.2.6.3-1 in TS38.211
· DFT sequence in Table 6.3.2.6.3-2 in TS38.211

	Antenna configuration at Satellite
	· 1Rx

	Antenna configuration at UE
	· 1Tx




Agreement
Adopt the table below for assumptions for modelling impairments for link level evaluation in NR NTN UL capacity and throughput enhancements
	Parameter
	Value

	TO
	Reported by companies
· With TO: Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts
· Optional without TO

	FO
	Reported by companies
· Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible.
· Optional: with lower maximum residual FO, to be reported by companies

	Timing drift 
	Optional

	Receiver algorithm
	To be reported by companies, e.g.
· MMSE

	Channel estimation
	· Real channel estimation



Agreement
Adopt the table below for assumptions for KPIs for link level evaluation in NR NTN UL capacity and throughput enhancements

	Parameter
	Value

	Number of code-division multiplexed users
	Reported by companies (up to 8)

	KPI – SNR for a target BLER per UE
	As in Rel-18 (otherwise reported by companies)
· VoIP: SNR @2% BLER
· For other cases: SNR @10% BLER

	KPI - Aggregated throughput
	Reported by companies
Total throughput according to number of code-division multiplexed users (up to 8)
Note: companies should also report the throughput for the case without OCC

	
	






In this contribution, we provide our views on the uplink capacity/throughput enhancement for NR-NTN.
[bookmark: _Ref129681832]Discussion 
The legacy PUSCH transmission procedure includes scrambling, modulation, layer mapping, transform precoding, precoding, mapping to virtual resource blocks, and mapping from virtual to physical resource blocks as TS 38.211 [3], clause 6.3.1.  The transform precoding procedure is for DFT-s-OFDM and to ensure the PARP performance, which is essential to terminals.  
PUCCH format 3 and 4 supports OCC and do the OCC spreading in between the modulation and transform precoding operations as TS 38.211 [3], clause 6.3.2.6.
For DFT-s-OFDM PUSCH enhancements via OCC, terminals require good PAPR properties to facilitate the power-limited transmitter, while the network requires good code domain orthogonal property to facilitate the receiver to despread and cancel inter-user interference. 

Proposal 1: Study the PAPR impact on the transmitter of a terminal to spread the PUSCH with OCC for NR-NTN uplink capacity/throughput enhancement.

Proposal 2: Study the complexity impact on the receiver of the network to despread the PUSCH with OCC and cancel inter-user interferences for NR-NTN uplink capacity/throughput enhancement.

For legacy PUCCH format 3 with interlaced mapping and PUCCH format 4, block-wise spreading with OCC under spreading factors 2 and 4 are supported. The spreading factor/orthogonal cover code length,  , is given by occ-Length, and the orthogonal cover code index, n, is given by occ-Index [4]. The orthogonal sequences for orthogonal cover code lengths equal to 2 and 4 are listed below as in [3]. 

Table 6.3.2.6.3-1: Orthogonal sequences  for PUCCH format 3 with interlaced mapping and PUCCH format 4 when .
	

	


	0
	

	1
	




Table 6.3.2.6.3-2: Orthogonal sequences  for PUCCH format 3 with interlaced mapping and PUCCH format 4 when .
	

	


	0
	

	1
	

	2
	

	3
	



Proposal 3: Study the feasibility of reusing the legacy PUCCH format 3 or format 4 block-wise spreading mechanism for DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC), at least for double and/or quadruple the capacity improvement. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following observations and proposals.

Proposal 1: Study the PAPR impact on the transmitter of a terminal to spread the PUSCH with OCC for NR-NTN uplink capacity/throughput enhancement.

Proposal 2: Study the complexity impact on the receiver of the network to despread the PUSCH with OCC and cancel inter-user interferences for NR-NTN uplink capacity/throughput enhancement.

Proposal 3: Study the feasibility of reusing the legacy PUCCH format 3 or 4 block-wise spreading mechanism for DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC), at least for double and/or quadruple the capacity improvement. 
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