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1. Introduction
According to the WID approved in [1], capacity and throughput will be enhanced via OCC in NR-NTN uplink using DFT-s-OFDM.  

1. 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 signaling, 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 RAN WG1 #116 [2], the following parameters were discussed for link level evaluation.

· Evaluation parameters assumptions
· Modelling impairments assumptions
· KPIs assumptions

2. OCC schemes for PUSCH in DFT-s-OFDM
In WID [1], the study can consider the application of OCC across OFDM slots, across symbols, and/or within an OFDM symbol. We aim to clarify possible schemes for applying OCC across slots, OCC, OCC across OFDM symbols, and within an OFDM symbol, respectively. 
2.1	OCC across slots
The simplest way to implement OCC is to apply them between slots, as depicted in Figure 1. In this approach, slots of the type A PUSCH is repeated several times. Typically, when transmitting the same signal (e.g., for HARQ processes), RV is varied. However, in the implementation of OCC, the RV remains constant, for example, fixed at 0. Instead of altering the RV, OCC is applied and multiplied for each slot. In this figure, the Walsh code is used to multiply each slot for two UE. While this scheme reduces the impact on the specifications, it may carry the risk of BLER degradation due to channel time variations and timing drift.
[image: ]
[bookmark: _Ref158204305][bookmark: _Hlk162513956]Figure1: Example of OCC across slots.
[bookmark: _Hlk162526812]Observation 1:
Applying OCC across slots represents one of the simplest ways, effectively minimizing the impact on the specifications. However, the extended duration of signals in time brings the risk that variations in channel conditions and timing drift may lead to a degradation in BLER.
2.2	OCC across OFDM symbols
The second scheme is the repetition of OFDM symbols in the time domain as illustrated in Figure 2. In this approach, OCC is applied after each OFDM symbol. Unlike the scheme of OCC across slots, the repeated OFDM symbols are temporally close, which may potentially enhance robustness against channel time variations and timing drift. However, this requires significant changes to the PUSCH configuration, resulting in a large impact on the specifications.
[image: ]
[bookmark: _Hlk162515826]Figure2: Example of OCC across OFDM symbols.

Observation 2:
The scheme of OCC across OFDM symbols may reduce BLER degradation. However, it has a larger impact on specifications than the scheme of OCC across slots.

2.3	OCC within an OFDM symbol
When implementing repetition for OCC within an OFDM symbol, two schemes, pre-DFT OCC and post-DFT OCC, may be considered.
[bookmark: _Hlk162947044]2.3.1	pre-DFT OCC scheme
Figure 3 illustrates the scheme where the repetition signal is generated in an OFDM symbol before the DFT and then multiplied by OCC. In this case, performing the DFT results in the signal appearing on the frequency axis in comb structure. By changing the Walsh sequence, the signal's position on the frequency axis can be altered, making the signals orthogonal on the frequency axis owing to OCC. This method is similar to the OCC scheme of PUCCH format 4 (TS 38.211 6.3.2.6).
[image: ] 
[bookmark: _Hlk162518346]Figure3: Example of within an OFDM symbol (Pre-DFT OCC).



2.3.2	post-DFT OCC scheme
Figure 4 shows the scheme where the repetition signal is generated in an OFDM symbol after the DFT and then multiplied by OCC. This scheme involves repeating the signal on the frequency axis before the IFFT, which inevitably leads to a higher PAPR(Peak to Average Power Ratio). Given the low PAPR characteristics of DFT-s-OFDM, applying the method in Figure 4 may be considered challenging.

[image: ]
[bookmark: _Hlk162950464]Figure4: Example of within an OFDM symbol (Post-DFT OCC).

Observation 3:
In OCC within an OFDM symbol, the scheme of post-DFT OCC may be unsuitable for DFT-s-OFDM transmission due to high PAPR.




2.4	Comparison of OCC schemes
Advantages and challenges of the three OCC schemes are compared in the following table.
[bookmark: _Hlk162947818]Table 1: Comparison of OCC schemes.
	
	OCC across slots
	OCC across OFDM symbols
	OCC within an OFDM symbol 

	Advantages
	Small Impact on specifications because PUSCH repetitions is already standardized.
	Not large Impairment because channel time variations and timing drift are not significantly affected. 
	Not large Impairment because channel time variations and timing drift are not significantly affected.

	Challenges
	RAN1 needs to alleviate impairments due to channel time variations and timing drift.
	TBS may be re-dined. Impact of specification is large.
	TBS may be re-dined. Impact of specification is large. Applying post -DFT scheme may be more challenging.



3. Link level simulation
To evaluate the scheme of OCC across slots, we conducted preliminary link-level simulations. The simulation parameters are detailed in Table 2 [2]. Table 3 presents assumptions for modelling impairments for link level evaluation [2]. Figure 5 illustrates the BLER both without or with TO and FO. To compare the base performance with the evaluated scheme, the figure also displays BLER performance of a single UE without TO and FO. In this scenario, employing OCC across slots without TO and FO resulted in little deterioration. With TO, the deterioration was not significant. However, with FO, the BLER experienced a significant increase in deterioration.
[bookmark: _Hlk162974206]Table 2: Simulation assumption for OCC across slots of NR-NTN.
	[bookmark: _Hlk162974262]Parameter
	Value

	Channel model
	TDL-C delay spread 100 ns

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	UE speed
	3 km/h

	Frequency hopping 
	No frequency hopping

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

	HARQ configuration 
	No HARQ

	Channel coding 
	LDPC

	TBS
	208

	DMRS configuration/part/bunding
	1 port per UE
・DMRS positions for single-symbol DMRS
・DMRS for mapping thpe A difined in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 respectively 

	PRB
	2

	MCS
	10

	OCC
	2

	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 as UE
	1Tx



Table 3: Simulation assumptions for modelling impairments for link level evaluation.
	Parameter
	Value

	TO
	Uniform selection from [−0.94 μs,+0.94μs]

	FO
	Uniform selection from [−0.1 ppm,+0.1 ppm]

	Timing drift
	Non

	Receiver algorithm
	MMSE

	Channel estimation
	Real channel estimation




Figure5: BLER performance of scheme of OCC across slots in OCC-length=2.

[bookmark: _Hlk162951103]Observation 4:
Little deterioration was observed in scenarios without TO and FO when employing the scheme of OCC across slots.
Observation 5:
TO may not degrade BLER significantly, however, FO could greatly deteriorate BLER when employing the scheme of OCC across slots.
4. Conclusion
To define further enhancements for 5G NR-based NTN, we conclude as follows:

Observation 1:
Applying OCC across slots represents one of the simplest ways, effectively minimizing the impact on the specifications. However, the extended duration of signals in time brings the risk that variations in channel conditions and timing drift may lead to a degradation in BLER.

Observation 2:
The scheme of OCC across OFDM symbols may reduce BLER degradation. However, it has a larger impact on specifications than the scheme of OCC across slots.

Observation 3:
In OCC within an OFDM symbol, the scheme of post-DFT OCC may be unsuitable for DFT-s-OFDM transmission due to high PAPR.

Observation 4:
Little deterioration was observed in scenarios without TO and FO when employing the scheme of OCC across slots.
Observation 5:
TO may not degrade BLER significantly, however, FO could greatly deteriorate BLER when employing the scheme of OCC across slots.
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Modulation DFT OCC IFFT
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