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The Rel.19 WI on NR NTN enhancements includes the following objective related to UL capacity/throughput enhancements:
	· 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



In the past RAN1#116b, 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

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





Discussion

PUSCH enhancements via orthogonal cover codes include the following types of schemes:  
· Inter-slot time-domain OCC
· Inter-symbol time domain OCC
· Intra-symbol OCC 
These different flavors of OCC over PUSCH achieve different performance/complexity tradeoffs. In an NTN environment where the link budget is very limited, it is of utmost importance to make sure the fragile tradeoff between multiplexing capability and user-perceived degradation due to impairments remains beneficial to the system capacity.
On inter-slot time-domain OCC
For inter-slot time domain OCC schemes, the OCC spans across slots (PUSCH repetition type A) or block repetitions (PUSCH repetition type B). PUSCH repetition type is considered as per the standing agreements. Despite its conceptual simplicity, OCC across slots/repetitions is subject to the following drawbacks:
· Impairments such as imperfect pre-compensation of the LEO speed, residual CFO, timing drifts lead to OCC orthogonality loss which is more pronounced in the case of inter-slot time domain OCC due to longer time domain spreading.
· Some constraints on OCC length exist due to e.g. collision with PRACH, existence of configurations (SRS, measurement gaps), or necessity of keeping phase continuity during inter-slot frequency hopping. Handling all collision issues, exceptions and configuration restrictions would require a significant spec impact.
· Possible issues with UCI handling
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On inter-symbol time-domain OCC
For inter-symbol time domain OCC schemes, the OCC spans across symbols in a slot. For OCC across slots/repetitions, presents the following drawbacks:
· Impairments such as imperfect pre-compensation of the LEO speed, residual CFO, timing drifts lead to OCC orthogonality loss also exist, although less significant than in the case of inter-slot time domain OCC due to shorter time-domain span. 
· Depending on existing configurations such as slot length, number of DMRS, presence of other configured signals, intra-slot frequency hopping configuration, etc..., the number of PUSCH symbols available to be covered by the OCC code is extremely variable. The specification impact of handling all possibilities (or, alternatively, of describing all unexpected configurations) is unacceptable.
Observation: Inter-symbol time-domain OCC requires unacceptable spec impact to handle the restrictions/collisions caused by incompatibility with existing configurations and is also sensitive to impairments.

On intra-symbol OCC
For intra-symbol OCC schemes, the OCC spans across samples in a DFT-s-OFDM symbol. The following possibilities of applying the OCC exist:
· Pre-DFT (comb-like structure), with the preeminent advantage of guaranteeing the same PAPR as in the absence of OCC precoding
· Post-DFT processing, where specific precautions must be taken to preserve the UL PAPR
Only pre-DFT OCC (comb-like structure as in PUCCH format 4) is further considered as per the standing agreements. Intra-symbol OCC schemes do not suffer from the orthogonality loss or from the framing restrictions described for the time-domain OCC schemes. There is no PAPR impact from applying pre- OCC within one DFTsOFDM symbol: applying N-point IFFT on DFTM/2(x) with frequency domain mapping on a comb structure is equivalent to time domain repetition (eventually with a phase ramp) of the DFTsOFDM symbol corresponding to a N-point IFFT applied on DFTM/2(x) with frequency domain localized mapping. This does not affect the PAPR. The limitations imposed on the OCC length (it must be a divisor of 12) are acceptable. The specification impact, although present, is quite limited with respect to the other competing schemes. Although thorough performance evaluation needs to be conducted, the intra-symbol OCC scheme is more flexible and displays less limitations in terms of constraints/specification impact than the time-domain OCC schemes. Pre-DFT (comb-like structure) is specifically interesting in the context of the current discussion. PUSCH repetition is not mandatory for intra-symbol OCC and should not be a prerequisite.

Observation: Intra-symbol OCC scheme is more flexible and displays less limitations in terms of constraints/specification impact than the time-domain OCC schemes.

Observation: Pre-DFT intra-symbol OCC scheme does not impact the PAPR.

Proposal: For NR-NTN PUSCH capacity enhancements, support pre-DFT intra-symbol OCC schemes (comb-like structure) with and without PUSCH repetitions.

Conclusions
The following observations and proposals stand:
Observation 1: Inter-slot time-domain OCC has very high sensitivity to impairments and requires significant spec impact to handle the restrictions/collisions caused by incompatibility with existing configurations.
Observation 2: Inter-symbol time-domain OCC requires unacceptable spec impact to handle the restrictions/collisions caused by incompatibility with existing configurations and is also sensitive to impairments.
Observation 3: Intra-symbol OCC scheme is more flexible and displays less limitations in terms of constraints/specification impact than the time-domain OCC schemes.
Observation 4: Pre-DFT intra-symbol OCC scheme does not impact the PAPR.

Proposal: For NR-NTN PUSCH capacity enhancements, support pre-DFT intra-symbol OCC schemes (comb-like structure) with and without PUSCH repetitions.
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