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Introduction
[bookmark: _Hlk162256825]In RAN1 meeting #116, the assumptions for evaluation parameters, modelling impairments and KPIs for link level evaluation in NR-NTN UL capacity and throughput enhancements are agreed as below.
	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
[bookmark: _Hlk162270401]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
· [bookmark: _Hlk162275015]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
· [bookmark: _Hlk162254819]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

	[bookmark: _Hlk162275279]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






[bookmark: _Hlk158922569]In this contribution, the potential schemes on performing OCC across symbols or slots or within a symbol for PUSCH transmission are discussed, accompanied with simulation assumptions and results.
Discussion
For PUSCH transmission with OCC, multiple UEs are supposed to transmit their respective UL data through the overlapped frequency-domain and time-domain resources with different OCC sequences, and the OCC can improve the reliability in separating the different data from each other, and can enhance UL capacity/throughput. In this section, we first discuss the potential OCC schemes, and then we provide the simulation results for the OCC schemes based on the assumption made in previous RAN1 meeting.
[bookmark: _Hlk162259172][bookmark: _Hlk162259648]2.1 Mapping of OCC across slots, symbols, and within a symbol
OCC can be mapped across slots (inter-slot OCC), symbols (intra-slot OCC), and within a symbol (intra-symbol OCC). For inter-slot OCC or intra-slot OCC, OCC is performed across slots/symbols, and one OCC group is the smallest number of slots/symbols on which all OCC factors of one OCC are scrambled. For intra-symbol OCC, OCC factors are scrambled on modulation symbols before DFT operation, and one OCC group is the allocated PRBs for PUSCH transmission within which different OCC factors are scrambled. 
· Inter-slot OCC: each OCC factor of one OCC is scrambled on one PUSCH, and one OCC group includes N repeated PUSCHs. E.g., the first PUSCH is scrambled with OCC factor w(0), and the second repeated PUSCH is scrambled with OCC factor w(1) assuming the OCC length N=2.
· Intra-slot OCC: the mapped data symbols are repeated N times within one PUSCH. Each OCC factor of one OCC is scrambled across multiple symbols, and one OCC group is one PUSCH. E.g., the first half of the PUSCH data symbols are scrambled with OCC factor w(0), and the second half of the repeated PUSCH data symbols are scrambled with OCC factor w(1) assuming the OCC length N=2.
· Intra-symbol OCC: the mapped modulation symbols are repeated N times within the allocated PRBs for PUSCH transmission. E.g., the first half of modulation symbols corresponding to the allocated PRBs are scrambled with OCC factor w(0), and the second half of modulation symbols corresponding to the allocated PRBs are scrambled with OCC factor w(1) assuming the OCC length N=2.
[bookmark: _Hlk162268444]Figure 1 gives examples for inter-slot OCC, intra-slot OCC, and intra-symbol OCC assuming the OCC length N=2.


Figure 1. Mapping of OCC across slots, symbols, and within a symbol
[bookmark: _Hlk162269557][bookmark: _Hlk162269574][bookmark: _Hlk162269592][bookmark: _Hlk159211309]If the PUSCH performances of inter-slot OCC, intra-slot OCC, and intra-symbol OCC are acceptable compared to non-OCC case, they can be considered as candidate schemes for PUSCH with OCC.
[bookmark: _Hlk159211270][bookmark: _Hlk158907816]Observation 1: Inter-slot OCC, intra-slot OCC, and intra-symbol OCC can be considered as candidate schemes for PUSCH with OCC if the corresponding PUSCH performances are acceptable.

2.2 Simulation assumptions and results
[bookmark: _Hlk162285318][bookmark: _Hlk162285328][bookmark: _Hlk162283501][bookmark: _Hlk162282239]The performances of inter-slot OCC (marked as ‘interslotOCC’), intra-slot OCC (marked as ‘intraslotOCC’) and intra-symbol OCC (marked as ‘intrasymbolOCC’) for VoIP and low data rate are evaluated according to the agreed assumptions. As comparison, the performance of PUSCH without OCC (marked as ‘nonOCC’) is also provided. In the evaluation, four cases of modelling impairments are considered, i.e., without FO and without TO, without FO and with TO, with FO and without TO, and with FO and with TO. For PUSCH transmission with intra-slot OCC and intra-symbol OCC, TBoMS is considered and the slot number for TB size determination is 2 for OCC length N = 2 and 4 for OCC length N = 4. TB size is determined per slot for other cases. Other detailed assumptions which should be reported by companies are provided in Appendix. 
· Simulation results of VoIP for OCC length N = 2 
[bookmark: _Hlk162282321]Figure 2 and Figure 3 show the SNR vs. BLER curves and the SNR vs. aggregated throughput curves for 2 users multiplexing respectively for VoIP. Table 1 summarizes the degradation of the required SNR at 2% BLER point for all the candidate OCC schemes when compared to PUSCH without OCC.
Table 1. Degradation of the required SNR at 2% BLER for OCC length N = 2 for VoIP
	Modelling impairment
	Inter-slot OCC
	Intra-slot OCC
	Intra-symbol OCC

	W/O FO and W/O TO
	1.0 dB
	0.4 dB
	0.4 dB

	W/O FO and W/ TO
	0.9 dB
	0.6 dB
	0.6 dB

	W/ FO and W/O TO
	0.9 dB
	0.7 dB
	0.6 dB

	W/ FO and W/ TO
	1.1 dB
	0.8 dB
	0.6 dB
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Figure 2. SNR vs. BLER curves for OCC length N = 2 
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[bookmark: _Hlk162278939]Figure 3. SNR vs. aggregated throughput curves for OCC length N = 2 

· Simulation results of VoIP for OCC length N = 4 
Figure 4 and Figure 5 show the SNR vs. BLER curves and the SNR vs. aggregated throughput curves for 4 users multiplexing respectively for VoIP. Table 2 summarizes the degradation of the required SNR at 2% BLER point for all the candidate OCC schemes when compared to PUSCH without OCC.
Table 2. Degradation of the required SNR at 2% BLER for OCC length N = 4 for VoIP
	Modelling impairment
	Inter-slot OCC
	Intra-slot OCC
	Intra-symbol OCC

	W/O FO and W/O TO
	2.8 dB
	0.8 dB
	0.8 dB

	W/O FO and W/ TO
	2.6 dB
	1.0 dB
	1.0 dB

	W/ FO and W/O TO
	2.4 dB
	1.3 dB
	1.0 dB

	W/ FO and W/ TO
	2.8 dB
	1.4 dB
	1.0 dB
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Figure 4. SNR vs. BLER curves for OCC length N = 4 
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Figure 5. SNR vs. aggregated throughput curves for OCC length N = 4

· [bookmark: _Hlk162285853]Simulation results of low data rate for OCC length N = 2 
[bookmark: _Hlk162285232]Figure 6 and Figure 7 show the SNR vs. BLER curves and the SNR vs. aggregated throughput curves for 2 users multiplexing respectively for low data rate. Table 3 summarizes the degradation of the required SNR at 10% BLER point for all the candidate OCC schemes when compared to PUSCH without OCC.
Table 3. Degradation of the required SNR at 10% BLER for OCC length N = 2 for low data rate
	Modelling impairment
	Inter-slot OCC
	Intra-slot OCC
	Intra-symbol OCC

	W/O FO and W/O TO
	0.5 dB
	0.6 dB
	0.6 dB

	W/O FO and W/ TO
	0.5 dB
	0.7 dB
	0.7 dB

	W/ FO and W/O TO
	0.3 dB
	0.6 dB
	0.6 dB

	W/ FO and W/ TO
	0.4 dB
	0.4 dB
	0.4 dB
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Figure 6. SNR vs. BLER curves for OCC length N = 2 
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Figure 7. SNR vs. aggregated throughput curves for OCC length N = 2

· Simulation results of low data rate for OCC length N = 4 
Figure 8 and Figure 9 show the SNR vs. BLER curves and the SNR vs. aggregated throughput curves for 4 users multiplexing respectively for low data rate. Table 4 summarizes the degradation of the required SNR at 10% BLER point for all the candidate OCC schemes when compared to PUSCH without OCC.
Table 4. Degradation of the required SNR at 10% BLER for OCC length N = 4 for low data rate
	Modelling impairment
	Inter-slot OCC
	Intra-slot OCC
	Intra-symbol OCC

	W/O FO and W/O TO
	1.4 dB
	0.9 dB
	0.9 dB

	W/O FO and W/ TO
	1.7 dB
	1.0 dB
	1.0 dB

	W/ FO and W/O TO
	1.7 dB
	1.1 dB
	1.0 dB

	W/ FO and W/ TO
	1.8 dB
	1.4 dB
	0.9 dB
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Figure 8. SNR vs. BLER curves for OCC length N = 4 
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Figure 9. SNR vs. aggregated throughput curves for OCC length N = 4

From the above simulation results, the following observations are made. 
Observation 2: For VoIP with OCC length N = 2 at 2% BLER point, intra-slot OCC and intra-symbol OCC share similar performance, which slightly outperform the performance of inter-slot OCC.
Observation 3: For VoIP with OCC length N = 4 at 2% BLER point, the performance of intra-symbol OCC slightly outperforms the performance of intra-slot OCC, and the performance of intra-slot OCC outperforms the performance of inter-slot OCC.
Observation 4: For low data rate with OCC length N = 2 at 10% BLER point, intra-slot OCC, intra-symbol OCC and inter-slot OCC share similar performance.
Observation 5: For low data rate with OCC length N = 4 at 10% BLER point, intra-slot OCC and intra-symbol OCC share similar performance, which outperform the performance of inter-slot OCC.
Observation 6: For all the evaluated scenarios with OCC length N = 2, twice throughput can be obtained for PUSCH with OCC when compared to PUSCH without OCC.
[bookmark: _Hlk162286510]Observation 7: For all the evaluated scenarios with OCC length N = 4, almost 4x throughput can be obtained for PUSCH with OCC when compared to PUSCH without OCC.
Therefore, at least for the evaluated OCC schemes, PUSCH with OCC can provide obvious throughput gain for UL capacity enhancement compared to PUSCH without OCC. 
Proposal 1: Support inter-slot OCC, intra-slot OCC, and intra-symbol OCC for PUSCH transmission in NR-NTN.

Conclusion
In this contribution, the potential schemes on performing OCC across symbols or slots or within a symbol for PUSCH transmission are discussed, accompanied with simulation assumptions and results. 
The following observations are made.
Observation 1: Inter-slot OCC, intra-slot OCC, and intra-symbol OCC can be considered as candidate schemes for PUSCH with OCC if the corresponding PUSCH performances are acceptable.
Observation 2: For VoIP with OCC length N = 2 at 2% BLER point, intra-slot OCC and intra-symbol OCC share similar performance, which slightly outperform the performance of inter-slot OCC.
Observation 3: For VoIP with OCC length N = 4 at 2% BLER point, the performance of intra-symbol OCC slightly outperforms the performance of intra-slot OCC, and the performance of intra-slot OCC outperforms the performance of inter-slot OCC.
Observation 4: For low data rate with OCC length N = 2 at 10% BLER point, intra-slot OCC, intra-symbol OCC and inter-slot OCC share similar performance.
Observation 5: For low data rate with OCC length N = 4 at 10% BLER point, intra-slot OCC and intra-symbol OCC share similar performance, which outperform the performance of inter-slot OCC.
Observation 6: For all the evaluated scenarios with OCC length N = 2, twice throughput can be obtained for PUSCH with OCC when compared to PUSCH without OCC.
Observation 7: For all the evaluated scenarios with OCC length N = 4, almost 4x throughput can be obtained for PUSCH with OCC when compared to PUSCH without OCC.
The following proposal is made.
Proposal 1: Support inter-slot OCC, intra-slot OCC, and intra-symbol OCC for PUSCH transmission in NR-NTN.

Reference
[1] R1-2401791, Feature lead summary #2 of AI 9.11.3 on NR-NTN uplink capacity and throughput, Moderator (MediaTek).
[2] R1-2400604, Discussion on NR-NTN uplink capacity/throughput enhancement, OPPO.

Appendix
This table provides assumptions for evaluation parameters, modelling impairments and KPIs for link level evaluation for UL OCC in NR-NTN.
Table 5. Simulation assumptions for OCC evaluation
	Parameter
	Value

	TBS
	184 bits payload @AMR 4.75kbps;
96 bits @Low data rate.

	DMRS configuration / port / bundling
	1 port per UE
DMRS positions for single-symbol DMRS defined in Table 6.4.1.1.3-3 with ld=14, l0=2 and pos1=11 in TS38.211.

	PRBs/MCS
	1 PRB

	Max repetition number
	20 for VoIP;
8 for low data rates.

	OCC length
	2; 4

	OCC sequence
	OCC-2: [+1 +1], [+1 -1];
OCC-4: [+1 +1 +1 +1], [+1 -j -1 +j], [+1 -1 +1 -1], [+1 +j -1 -j].

	TO
	With TO: Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts;
Without TO.

	FO
	Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible;
Without FO.

	Timing drift
	Not considered.

	Receiver algorithm
	MMSE

	Number of code-division multiplexed users
	2; 4

	KPI – SNR for a target BLER per UE
	[bookmark: _Hlk162282184]VoIP: SNR @2% BLER;
Low data rate: SNR @10% BLER.

	KPI - Aggregated throughput
	Total throughput according to number of code-division multiplexed users.
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