Page 1
3GPP TSG RAN WG1 #116bis	R1-2402534
Changsha, Hunan Province, China, April 15th – April 19th, 2024	
[bookmark: Source]Agenda item:	9.11.3				
Source: 	Langbo
Title: 	Discussion on Uplink Capacity/Throughput Enhancement for NR-NTN
[bookmark: DocumentFor]Document for:	Discussion and Decision
1       Introduction 
At RAN#102 meeting, the WID: Evolution of Non-Terrestrial Networks (NTN) for NR Phase 3 [1] was approved, including the following objective to enhance the uplink capacity/throughput: 
	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 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 this contribution, we provide our views on NTN UL capacity/throughput enhancement via OCC for PUSCH using DFT-S-OFDM.
2       Discussions
In existing NR systems [2], DFT sequences and Walsh sequences are defined for different PUCCH formats. These two types of sequences could be considered as baseline for designing OCC sequences for PUSCH. Besides, Zadoff-Chu sequences can be also considered as a candidate to reduce PAPR. 
Proposal 1: RAN1 to consider DFT sequences and Walsh sequences as baseline and study the feasibility of Zadoff-Chu sequences for designing OCC sequences for PUSCH.
It may be challenging to design a type of one-size-fit-all sequences for different PUSCH transmission configurations. In this sense, different types of OCC sequences for different OCC length, or for different OCC schemes can be applied if more than one OCC scheme is supported. 
Proposal 2: Different types of OCC sequences can be used for different OCC length or for different OCC schemes.
As mentioned in the WID[1], the UL enhancement for NR-NTN is not targeted for PUSCH DMRS, then the number of code-division multiplexed UEs (i.e., maximum OCC length) should not exceed the PUSCH DMRS multiplexing capacity. In addition, the maximum OCC length may be limited by the single UE performance requirement (e.g., considering inter-subcarrier interference and timing alignment error) and is related to OCC spreading granularity. Furthermore, if more than one OCC scheme is employed, the restrictions on OCC lengths may also differ for different OCC schemes.
Proposal 3: RAN1 to discuss the set of supported OCC lengths for different OCC schemes.
[bookmark: _Hlk162513422]In existing NR systems [3], for a PUSCH transmission of PUSCH repetition type A, the redundancy version varies per repetition. When inter-slot OCC is applied, the redundancy version should remain same within a span of OCC sequence. To address this issue, if the number of repetitions is greater than the length K of the OCC in use, the redundancy version can be changed every K repetitions; otherwise, all repetitions have the same redundancy version. 
Proposal 4: For a PUSCH transmission of PUSCH repetition type A with OCC, if the number of repetitions is greater than the length K of the OCC in use, the redundancy version can be changed every K repetitions; otherwise, all repetitions have the same redundancy version.
Different from PUSCH repetition Type A, the lengths of actual repetitions for PUSCH repetition type B can be different and time domain OCC cannot be directly applied for the actual repetitions. If time domain OCC is supported for PUSCH repetition type B, how to determine the actual repetitions need to be further discussed.
Proposal 5: RAN1 to discuss how to support time domain OCC for PUSCH repetition type B.
3       Conclusions
A number of aspects on uplink capacity/throughput enhancement for NR-NTN are discussed in this contribution and the following proposals are provided correspondingly:
Proposal 1: RAN1 to consider DFT sequences and Walsh sequences as baseline and study the feasibility of Zadoff-Chu sequences for designing OCC sequences for PUSCH.
Proposal 2: Different types of OCC sequences can be used for different OCC length or for different OCC schemes.
Proposal 3: RAN1 to discuss the set of supported OCC lengths for different OCC schemes.
Proposal 4: For a PUSCH transmission of PUSCH repetition type A with OCC, if the number of repetitions is greater than the length K of the OCC in use, the redundancy version can be changed every K repetitions; otherwise, all repetitions have the same redundancy version.
Proposal 5: RAN1 to discuss how to support time domain OCC for PUSCH repetition type B.
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