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1 Introduction
[bookmark: _Hlk145277988]In RAN1#116, it was discussed about evaluation assumption to performance results for DFT-s OFDM PUSCH using OCC. The following agreements were reached. This contribution discusses on performance results and potential specification impact for various OCC methods. 

	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 4.75kbps 96 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







2 Discussion
In RAN1#116, some companies raised clarification issue about whether Msg3 PUSCH is included in scope or not. Since WID has a note saying “no enhancement for initial access”, Msg3 PUSCH should be excluded in the scope. Actually, Msg3 PUSCH is used in connected mode such as beam failure reporting, SR request, re-sync procedure and positioning. However, considering limited TU for NR NTN and there would be larger potential other issues, RAN1 needs to conclude that Msg3 PUSCH is out of scope in Rel-19 NTN. 
Proposal 1: Conclude that DFT-s-OFDM PUSCH enhancements via OCC is not targeted to Msg3 PUSCH. 
In RAN1#116, there was lots of discussion on details for various OCC mapping schemes such as 1) OCC across slots, 2) OCC across symbols, and 3) OCC within a symbol. For OCC across slots, the OCC mapping itself is simple by spreading OCC code over different slots. While, for 2) and 3), there would be two different approaches such as interlaced-symbol/RE/RB level OCC or continuous symbols/REs/RBs level OCC. It is preferable to consider unified solution by considering performance results and potential specification impact together. Furthermore, in IoT NTN, the same objective has been considered for PUSCH and PRACH. In that sense, considering the same OCC design for NR and LTE would be proper when considering limited TU. Regarding specification impact, in [1], various specification impacts were captured such as PUSCH repetition scheme, TBS determination, UCI multiplexing on PUSCH, frequency hopping, uplink power control, RV determination and so on. 
Proposal 2: If OCC PUSCH is concluded as beneficial, consider unified solution for NR NTN and IoT NTN. 
	Though many things are discussed for evaluation methodologies and assumptions in RAN1#116, the feasible SNR operating range was not discussed. Table 1 provides the link budget result for PUSCH transmission assuming 2 PRB. Other assumptions are based on what agreed in the agenda of downlink coverage enhancement. Based on Table 1, it is understood that “KPI – SNR for a target BLER per UE” needs to be evaluated in lower SNR range than -5.77dB because it may not meet the performance requirement if evaluated SNR ranges are higher than -5.77dB. Actually, in OCC scheme, there is interference power transmitted from other UE. However, dominant interference factor can be assumed as ignorable via OCC de-spreading, and then noise factor is assumed to be more dominant than interference.  
Proposal 3: When evaluating “KPI – SNR for a target BLER per UE”, RAN1 needs to consider SNR value based on link budget calculation. 
Table 1. Link budget result for PUSCH
	Altitude (km)
	600

	Elevation angle (degree)
	30

	Distance (km)
	1075.51

	Frequency (GHz)
	2

	Bandwidth (MHz)
	0.36

	Transmission power (DL: dBW/MHz, UL:dBm)
	23

	Tx antennga gain (dBi)
	-5.5

	TX EIRP (dBm)
	17.50

	Rx antenna gain (dBi)
	30

	Noise figure (dB)
	5

	Ambient Temperature (T)
	290

	RX G/T (dB/T)
	1.10

	Free Space Pathloss (dB)
	159.10

	Shadowing Loss (dB)
	3

	Scintillation Loss (dB)
	2.2

	Polarization Loss (dB)
	3

	Atmospheric Loss (dB)
	0.1

	SNR (dB)
	-5.77



Figure 1 shows performance results for No OCC and OCC. Intra-slot/symbol OCC schemes are considered for evaluation. Detailed assumptions are provided in Appendix A. Actually, it is observed that SNR gap between no OCC and inter-slot OCC @10% target BLER is about 0.03dB, and SNR gap between no OCC and inter-symbol OCC @10% target BLER is about 0.13dB. Since inter-symbol OCC scheme uses less time domain resource compared to other no OCC and inter-slot OCC schemes, it is observed that CRC overhead is significant considering that payload side is the same.

[image: ]
Figure 1. Performance results between No OCC and OCC. 
Observation 1: SNR gap between no OCC and inter-slot OCC @10% target BLER is about 0.03dB. 
Observation 2: SNR gap between no OCC and inter-symbol OCC @10% target BLER is about 0.13dB.

If it is observed that all OCC schemes show similar performances having less than 0.5~1dB, potential specification impact should be considered important point to choose one of them. In that sense, inter-slot OCC is evidently simpler solution than other because there is no impact on TBS determination, and resource mapping rule. The more important thing is that this solution could be seen as backward compatible because network can assume that legacy UE applies one of OCC codes, i.e., [1 1] in case of Walsh code. Lastly, inter-slot OCC can be extended to inter-PUSCH OCC scheme. That is, OCC schemes could be applicable to both PUSCH repetition type A and type B. Thus, inter-symbol OCC scheme can be considered implicitly via PUSCH repetition type B. 
Proposal 4: Consider inter-slot or inter-PUSCH based OCC scheme in priority if performance results are similar. 

Conclusion
This contribution discussed on evaluation assumptions for uplink capacity/throughput evaluation. Followings are observations/proposals in this contribution. 
Observation 1: SNR gap between no OCC and inter-slot OCC @10% target BLER is about 0.03dB. 
Observation 2: SNR gap between no OCC and inter-symbol OCC @10% target BLER is about 0.13dB.

Proposal 1: Conclude that DFT-s-OFDM PUSCH enhancements via OCC is not targeted to Msg3 PUSCH. 
Proposal 2: If OCC PUSCH is concluded as beneficial, consider unified solution for NR NTN and IoT NTN. 
Proposal 3: When evaluating “KPI – SNR for a target BLER per UE”, RAN1 needs to consider SNR value based on link budget calculation. 
Proposal 4: Consider inter-slot or inter-PUSCH based OCC scheme in priority if performance results are similar. 
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Appendix
Evaluation assumption
	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 
	14 OS (No OCC, Inter-slot OCC), 7 OS (Inter-symbol OCC)

	HARQ configuration 
	No HARQ

	Channel coding
	LDPC

	TBS
	96 bits 

	DMRS port 
	1 port per UE

	PRBs/MCS/RV
	2 PRBs / MCS 1 / {0, 0, 0, 0}

	Repetition number
	8 (No OCC, Inter-slot) / 16 (Inter-symbol)

	OCC length 
	2

	OCC sequence
	Walsh sequences in Table 6.3.2.6.3-1 in TS38.211

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx
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