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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 #116b [2], the following agreements were made.

[bookmark: _Hlk164098130]Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
TBoMS for OCC techniques is FFS

Agreement
RAN1 to at least further study the potential specification aspects on OCC techniques:
· TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects

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
In this approach, Type A PUSCH slots are repeated N times. This scheme is the simplest among all those discussed. For example, the first PUSCH is scrambled with OCC factor w0= +1, and the second repeated PUSCH is scrambled with OCC factor w1 = −1, assuming the OCC length N = 2.
2.2	OCC across OFDM symbols
The second scheme is the repetition of OFDM symbols in the time domain. In this approach, OCC is applied after each OFDM symbol. Unlike the scheme where OCC is applied across slots, the repeated OFDM symbols are temporally close, potentially enhancing robustness against channel time variations and timing drift. However, this approach necessitates significant changes to the PUSCH configuration, thereby substantially impacting the specifications.
2.3	OCC within an OFDM symbol (pre-DFT OCC scheme)
When implementing repetition for OCC within an OFDM symbol, two approaches are considered: pre-DFT OCC and post-DFT OCC. However, it was agreed at RAN WG1 #116b [2] that post-DFT OCC might not be a high priority. When utilizing pre-DFT OCC, data symbols from different UE are distributed across different subcarriers after performing the DFT. Consequently, after executing the FFT, the receiver can distinguish the signals of different UEs, enabling each UE's signal to be processed separately without the need for complex demultiplexing methods. This method is similar to the OCC scheme used in PUCCH format 4(TS 38.211 6.3.2.6).

2.4	Comparison of OCC schemes
[bookmark: _Hlk162947818]Advantages and challenges of the three OCC schemes are compared. The scheme of OCC across OFDM symbols is robust against channel variation in the time domain. However, it reduces the number of information bits that can be transmitted in a slot and necessitates a change in TBS, significantly impacting the specifications. The pre-DFT OCC scheme may expand RB to maintain the transmit data speed. However, since the transmission power available to a UE is not unlimited, the increase in throughput might be limited compared to the time-domain OCC schemes, OCC across slots, and OCC across OFDM symbols. The study of the pre-DFT OCC scheme, which would also require significant changes to the specifications, may not be high priority unless substantial gains are anticipated. It seems appropriate to prioritize the standardization of OCC across slots based on the comparison in the Table 1. A smaller impact on the specifications would facilitate standardization. The challenges of the scheme involving OCC across slots include degradation due to channel time variations.

Table 1: Comparison of OCC schemes.
	
	OCC across slots
	OCC across OFDM symbols
	OCC within an OFDM symbol (pre-DFT OCC)

	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 may need to alleviate impairments due to channel time variations and timing drift.
	TBS may be re-designed, and impact of specification is large.
	TBS may be re-designed, and Impact of specification is large. 
Transmit power is limited, and despreading gain in frequency domain may not be large. 



Observation 1:
The OCC across OFDM symbols and OCC within an OFDM symbol (pre-DFT OCC) involve significant changes to the specifications, while the OCC scheme across slots requires fewer modifications.
2.5	Further Classification in the scheme of OCC across slots
It is necessary to clarify the setting of RV when performing repetition in the OCC across slots scheme. Additionally, deciding on the cyclic schemes for RV is crucial. Figure 1 illustrates three schemes where the RV transmission mode is modified. In the figure, the code length for OCC is set to N = 2 (w0, w1), and the repetition occurs 8 times. Some schemes transmit only RV0 (Scheme (a)), while others transmit RV0, RV1, RV2, and RV3 (Schemes (b) and (c)). In a comparison, cycling the RV as in Schemes (b) and (c) may achieve a lower BLER because incremental redundancy (IR) generally outperforms chase combining in terms of BLER performance. Considering the time variability of the channel, Scheme (c), which allows for OCC decoding in fewer slots, appears preferable to Schemes (a) and (b).
[image: ]
Figure1: Repetition schemes for different RV transmission mode in OCC across slots

Observation 2:
Throughput and BLER are affected by the configuration of the RV arrangement in the OCC scheme across slots.

Proposal 1:
When discussing the scheme of OCC across slots, RAN1 should clarify the cyclic configuration of RV and the allocation method for OCC.
3. Further enhancement for uplink capacity/throughput
In NR-NTN communications, discussions are ongoing to ensure connectivity even with low-gain antennas in challenging propagation environments, as depicted in Figure 2. UEs 1 and 2 are primary targets of this discussion. However, there are also UEs, such as UE 3, equipped with high-gain antennas, which provide better line of sight (LoS). In such scenarios, the application of power-domain (PD) NOMA at the receiver could be considered to exploit the differences in received power levels between UEs with high and low received power. Successive interference cancellation (SIC) can separate signals on overlapping PUSCH. The deployment of PD-NOMA is expected to further enhance uplink capacity and throughput. PD-NOMA requires a large power difference between UEs transmitting PUSCH to achieve lower BLER. Hence channel measurement and TPC will become more important, and DCI should be enhanced. Importantly, the implementation of NOMA does not interfere with the application of OCC.

[image: ]
Figure2: Power Domain Non-Orthogonal Multiple Access (PD-NOMA) for uplink

[bookmark: _Hlk162951103]Observation 3:
[bookmark: _Hlk166247569]In NR-NTN communications, some UEs are equipped with high-gain antennas and experience favorable propagation conditions.
Proposal 2:
To further enhance capacity and throughput, RAN1 may consider modifying the DCI to enable advanced TPC, which could facilitate the implementation of PD-NOMA.
4. Conclusion
To define further enhancements for 5G NR-based NTN, we conclude as follows:

Observation 1:
The OCC across OFDM symbols and OCC within an OFDM symbol (pre-DFT OCC) involve significant changes to the specifications, while the OCC scheme across slots requires fewer modifications.

Observation 2:
Throughput and BLER are affected by the configuration of the RV arrangement in the OCC scheme across slots.

Observation 3:
In NR-NTN communications, some UEs are equipped with high-gain antennas and experience favorable propagation conditions.

Proposal 1:
When discussing the scheme of OCC across slots, RAN1 should clarify the cyclic configuration of RV and the allocation method for OCC.

Proposal 2
To further enhance capacity and throughput, RAN1 may consider modifying the DCI to enable advanced TPC, which could facilitate the implementation of PD-NOMA.
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