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Introduction
In RAN#102 [1], a new WID on NR NTN enhancements was endorsed for Release 19. This contribution aims to discuss Uplink Capacity/Throughput Enhancement for FR1-NTN as shown below. We’ll discuss increase of NR-NTN capacity with DFT-s-OFDM PUSCH and Orthogonal Cover Codes (OCC), DMRS bundling, mapping of OCC to resources, and UE multiplexing. 
· 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

Discussion on Orthogonal Cover Code length
[bookmark: _Hlk158639420]The delay drift in NR NTN is a key parameter to determine the code size and repetition requirements. These are important aspects that need to be considered for consistent VoIP transmission. Increasing the capacity in NR NTN system by integrating DFT-s-OFDM PUSCH with Orthogonal Cover Codes (OCC), while maintaining individual UE performance and coverage can be studied in RAN1.
RAN1 can discuss how OCC design may support multiple UEs sharing the same PRBs to enhance spectral efficiency and network capacity with contention-based access. It needs to be studied whether satellite delay and Doppler drift could impact the orthogonality of OCC design which may result in limiting the number of UEs that can be multiplexed on the shared PRBs.
For example, at lowest elevation angle over the service link and feeder link considered in Release 16 Study Phase in TR 38.821, a maximum delay drift in the order of 100 us/s could be experienced. This would result in maximum delay drift per UL transmission times that could exceed the cyclic prefix within 32 ms as shown in Table 1. The most significant delay drift occurs between a UE at the beam center and one at the edge, while the greatest Doppler drift is between UEs at opposite edges of the beam. This suggests that for effective UE multiplexing, elevation angle, beam size and edge of the beam aspects should be considered when mapping OCC to PRB resources.
	UL transmission time (repetitions)
	Max Delay drift per UE (calculated)
	Max Delay drift among UEs
	Max Doppler drift among UEs
	CP [%]

	2 ms (x2)
	0.2 us
	0.0074 us
	0.001 ppm
	4.27%

	4 ms (x4)
	0.4 us
	0.0155 us
	0.002 ppm
	8.55%

	8 ms (x8)
	0.8 us
	0.0305 us
	0.005 ppm
	17.1%

	16 ms (x16)
	1.6 us
	0.0634 us
	0.01 ppm
	34.2%

	32 ms (x32)
	3.2 us
	0.12 us
	0.02 ppm
	68.3%

	Note: Lowest elevation angle over the service link and feeder link considered in Release 16 Study Phase in TR 38.821 is assumed


Table 1: Illustration of delay drift and doppler drift with UL transmission time (repetitions). 
The evaluation assumes the satellite moves on the z-axis with an ideal circular orbit, and both the UE and the gateway are co-located at the satellite beam center. The satellite beam is fixed on the Earth and maintains a perfect circle during the satellite's movement. This idealized scenario helps to simplify the analysis but may not capture all the complexities of a real-world system. More details in Appendix.
[bookmark: _Toc158193756]RAN1 to study impact of delay drift and doppler drift on capacity and throughput enhancements of NR NTN via DFT-s-OFDM PUSCH with Orthogonal Cover Codes (OCC).

DMRS aspects for OCC
DMRS bundling enhancement was specified in Release 18 NR NTN. Further DMRS enhancements are not in scope of Release 19. The DMRS bundling performance limits the effectiveness of Orthogonal Cover Codes (OCC) over multiple slots. Using R18 DMRS bundling with a maximum Time-Domain Window (TDW) of N slots can preserve OCC orthogonality across those slots, as legacy UE is required to maintain phase continuity and power consistency. Mapping OCC codes in time domain with a duration exceeding the TDW for DMRS bundling for Rel-18 NR NTN could lead to DMRS-related loss of orthogonality of OCC codes. We expect the impact on performance to be more significant in scenarios where repetitions is used in low SNR conditions. The channel estimation performance may also degrade OCC orthogonality at low SNR even assuming optimum DMRS bundling within the TDW. Note that in Rel18, the size of maximum TDW is subject to UE capability.
[bookmark: _Toc158193757]Re-use R18 DMRS bundling with max TDW = N slots based on UE capability to maintain OCC orthogonality over N slots.

OCC Mapping to allocated resources
The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol. Optimal OCC mapping within the time domain is key to system performance. Sufficient time domain granularity should be possible to map OCC with large code sizes re-using legacy specifications in a straightforward way. Note that there is no UL segmented transmission for GSO/NGSO in R17 NR NTN. RAN1 can further study some optimization considering that legacy NR NTN UEs are not precluded to apply UE pre-compensation per slot for transmission of PUSCH (at his was discussed in RAN1 and RAN4). In particular, RAN1 should study mapping of OCC in the time domain with legacy resource allocation in time domain as baseline to avoid un-necessary impact on specifications and increase complexity.
[bookmark: _Toc158193758][bookmark: _Hlk158630720]RAN1 to study mapping of OCC in the time domain with legacy resource allocation in time domain as baseline.

To our understanding, mapping OCC within OFDM symbols implies it is done with resource allocation in the frequency domain. This would have high impact on specifications and complexity. It should only be considered if there is no other way to achieve the objective re-using legacy resource allocation in time domain as this has relatively less impact on specifications and complexity as discussed above.
Relying on frequency domain mapping often assumes a flat channel which may help. However, this may  not help channel estimation performance which is highly dominated by low SNR conditions assumptions in UL capacity enhancements (since repetitions are assumed).

[bookmark: _Toc158193759]RAN1 to de-prioritize mapping of OCC within a symbol.

Pairing of UEs with OCC for Simultaneous Transmission
Simultaneous transmission of paired UEs where each UE uses a specific OCC can cause interference, potentially disrupting the orthogonality of OCC. To counter this, UEs should be paired thoughtfully, using appropriate OCC code sizes and MCS. Nested OCC structure for efficient multiplexing could also be considered.
Pairing of UEs via OCC should be designed to boost spectral efficiency and support UEs with different DM RS bundling capabilities. By considering OCC code sizes and MCS during pairing, the system can better handle channel imperfections and maintain orthogonality to ensure that simultaneous transmissions do not compromise network capacity and efficiency.
[bookmark: _Toc158193760]RAN1 to study pairing of UEs using same/different OCC code sizes and MCS to optimize UE multiplexing for capacity and throughput enhancements at system level.

Conclusion
In this contribution, we have the following proposals:
1. RAN1 to study impact of delay drift and doppler drift on capacity and throughput enhancements of NR NTN via DFT-s-OFDM PUSCH with Orthogonal Cover Codes (OCC).
Proposal 1 Re-use R18 DMRS bundling with max TDW = N slots based on UE capability to maintain OCC orthogonality over N slots.
Proposal 2 RAN1 to study mapping of OCC in the time domain with legacy resource allocation in time domain as baseline.
Proposal 3 RAN1 to de-prioritize mapping of OCC within a symbol.
Proposal 4 RAN1 to study pairing of UEs using same/different OCC code sizes and MCS to optimize UE multiplexing for capacity and throughput enhancements at system level.
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Appendix
The appendix outlines maximum Doppler and delay drifts among UEs in a LEO-600km satellite system, detailing their variation with gateway elevation angles and uplink transmission times.
Settings
	Setting/Assumption
	Description

	Satellite Altitude
	LEO 600 km above Earth's surface

	Satellite Speed
	7565.95 m/s

	Carrier Frequency
	2 GHz 

	Beam Radius
	25 km (50 km diameter)

	Minimum Elevation Angle
	10 degrees for service and feeder links

	Number of UEs
	100 randomly distributed within the satellite beam

	UE Altitude
	Assumed to be at sea level (0 meters)

	RTT and Doppler Errors
	Calculated for each UE and compared to find maximum differences



Gateway Elevation Angle = 10
[image: ]
[image: ]
	UL transmission time (repetitions)
	2 ms (x2)
	4 ms (x4) 
	8 ms (x8) 
	16 ms (x16) 
	32 ms (x32) 

	Max Delay drift gap among UEs
	0.0002 us
	0.0003 us
	0.0006 us
	0.0014 us
	0.0027 us

	Max Delay drift per UE
	0.1815 us
	0.3630 us
	0.7260 us
	1.4521 us
	2.9040 us

	Min Delay drift per UE
	0.1813 us
	0.3627 us
	0.7254 us
	1.4507 us
	2.9013 us

	Mean of Max Delay drift
	0.1814 us
	0.3628 us
	0.7257 us
	1.4514 us
	2.9028 us

	Variance of Max Delay drift
	2e-15 us
	7e-15 us
	3e-14 us
	1e-13 us
	5e-13 us

	Max Doppler drift gap among UEs
	1e-6 ppm
	3e-6 ppm
	5e-6 ppm
	1e-5 ppm
	2e-5 ppm



Gateway Elevation Angle = 30
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	UL transmission time (repetitions)
	2 ms (x2)
	4 ms (x4) 
	8 ms (x8) 
	16 ms (x16) 
	32 ms (x32) 

	Max Delay drift gap among UEs
	0.0013 us
	0.0028 us
	0.0052 us
	0.0112 us
	0.0225 us

	Max Delay drift per UE
	0.1597 us
	0.3194 us
	0.6386 us
	1.2780 us
	2.5556 us

	Min Delay drift per UE
	0.1584 us
	0.3166 us
	0.6334 us
	1.2668 us
	2.5331 us

	Mean of Max Delay drift
	0.1590 us
	0.3181 us
	0.6359 us
	1.2718 us
	2.5440 us

	Variance of Max Delay drift
	1e-13 us
	6e-13 us
	2e-12 us
	9e-12 us
	4e-11 us

	Max Doppler drift gap among UEs
	1e-5 ppm
	3e-5 ppm
	5e-5 ppm
	1e-4 ppm
	2e-4 ppm



Gateway Elevation Angle = 60
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	UL transmission time (repetitions)
	2 ms (x2)
	4 ms (x4) 
	8 ms (x8) 
	16 ms (x16) 
	32 ms (x32) 

	Max Delay drift gap among UEs
	0.0057 us
	0.0115 us
	0.0224 us
	0.0453 us
	0.0769 us

	Max Delay drift per UE
	0.0895 us
	0.1793 us
	0.3585 us
	0.7157 us
	1.4285 us

	Min Delay drift per UE
	0.0837 us
	0.1678 us
	0.3362 us
	0.6704 us
	1.3416 us

	Mean of Max Delay drift
	0.0867 us
	0.1736 us
	0.3469 us
	0.6948 us
	1.3858 us

	Variance of Max Delay drift
	2e-12 us
	9e-12 us
	4e-11 us
	2e-10 us
	5e-10 us

	Max Doppler drift gap among UEs
	4e-5ppm
	9e-5ppm
	2e-4 ppm
	3e-4 ppm
	7e-4 ppm



Gateway Elevation Angle = 90
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	UL transmission time (repetitions)
	2 ms (x2)
	4 ms (x4) 
	8 ms (x8) 
	16 ms (x16) 
	32 ms (x32) 

	Max Delay drift gap among UEs
	0.0074 us
	0.0155 us
	0.0305 us
	0.0634 us
	0.1211 us

	Max Delay drift per UE
	8.2e-3 us
	0.0161 us
	0.0328 us
	0.065137 us
	0.1259 us

	Min Delay drift per UE
	7.5e-4 us
	5.5e-4 us
	2.3e-3 us
	1.7e-3 us
	4.8e-3 us

	Mean of Max Delay drift
	0.0867 us
	8.6e-3 us
	0.0177 us
	0.03372 us
	0.069 us

	Variance of Max Delay drift
	2e-12 us
	2e-11 us
	7e-11 us
	3e-10 us
	9.6e-10 us

	Max Doppler drift gap among UEs
	0.001 ppm
	0.002 ppm
	0.005 ppm
	0.010 ppm
	0.020 ppm
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