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Introduction
In the WID of Release 19 NR NTN was agreed [1]. One objective of the WID is uplink capacity/throughput enhancement for FR1-NTN. 
	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 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 the study of NR-NTN uplink capacity enhancement. 
Discussion
Signal aspects of PUSCH with OCC 
In the RAN 1#116 meeting, the problem of signaling the PUSCH with OCC has been subjected to a preliminary discourse. The methods of OCC signaling can be different depending on the type of PUSCH. According to the WID and opinions from most companies, there is no need to enhance the initial access. Only the PUSCH enhancement via OCC for DCI dynamic scheduling and configured grant should be considered.
For PUSCH transmission with DCI dynamic scheduling, the relevant parameters for OCC can be configured in PUSCH-Config. For configured grant Type 1 where RRC activation is employed, the relevant parameters for OCC can be configured in high-layer parameters such as ConfiguredGrantConfig and rrc-ConfiguredUplinkGrant. 
[bookmark: _Hlk163057740]Proposal 1: The OCC for configured grant Type 1 PUSCH can be accomplished through RRC.
For configured grant Type 2, the parameters can be configured in ConfiguredGrantConfig and activated by a CS-RNTI scrambled DCI. Hence, the direct way of indicating OCC for PUSCH transmission is through the CS-RNTI scramble DCI. According to the existing specification [2], some domains of the DCI are set special fields so a potential solution is to utilize these special fields to indicate OCC for PUSCH. In this case, the impact on specification is that it is necessary to distinguish between the legacy and OCC-capable configured grant Type 2 PUSCH. To that end, RAN1 should investigate solutions of coexistence.
[bookmark: _Hlk163057763]Proposal 2: Special fields of the CS-RNTI scrambled DCI can be utilized for explicit indication of OCC for configured grant Type 2 PUSCH. 
OCC Spreading Schemes
Three different schemes of spreading PUSCH with OCC sequence are mentioned in WID [1]: OCC across OFDM symbols, OCC across slots, and OCC within an OFDM symbol. However, there is also simultaneous discussion on the OCC for NPUSCH for IoT NTN, and the following agreements were reached:
Agreement
For single-tone NPUSCH format 1 transmissions with both 3.75kHz and 15kHz SCS, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level 
· Repetition-level
· RV-level
 For multi-tone NPUSCH format 1 transmissions, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level (including Nslot level)
· Repetition-level
· RV-level
· Intra-symbol pre-DFT spreading OCC 
For saving effort, the feasibility of three additional schemes can also be subject to investigation: OCC across RV, OCC across symbol group, and OCC across slot group. 
[bookmark: _Hlk163057781]Proposal 3: The following OCC scheme for DFT-s-OFDM PUSCH can be considered:
· Across RV
· Across symbol group
· Across slot group
[bookmark: OLE_LINK3]For the scheme across symbols, the OFDM symbols are repeated in a slot and multiplied by with OCC sequency. For example, the repetition number of the symbol group in a slot is 4. In this condition, the scheme for OCC can also be across symbols. The number of PUSCH OFDM symbols depends on the configuration of DMRS, the possible OCC length is limited by the DMRS. If DMRS is configured with Type 1 with the additional position of pos1, the length of available symbols in a slot is 12. Even if the length of the OCC sequence is determined to be 4, the UE can still match the length of the PUSCH symbol by repetitively extending the OCC sequence. To avoid misunderstandings between UE and gNB, indicating the scheme of OCC is necessary because UE may support multiple OCC schemes.
Proposal 4: The scheme of OCC should be indicated.
[image: ]
Figure 1. Across symbol groups
OCC sequence design 
2.3.1 OCC sequence
In the existing specification, there are already two types of OCC sequences used for PUCCH, e.g. Walsh codes and DFT-based codes. A Walsh code is simply a row or column taken from a Hadamard matrix. The Hadamard matrix is a symmetric square matrix composed of ±1 with a power of 2. The advantages of Walsh codes lie in their excellent scalability, with higher-order matrices derivable from lower-order ones.
The DFT-based OCC sequence is generated by a formula of , where m=0,1,…, and has been used for PUCCH format 4. The length of the DFT-based OCC sequence can be any positive integer. The advantage of DFT sequences is that the length of the sequence can be any positive integer.
Both sequences can be adopted, considering their respective advantages and the flexibility of the internet.
Proposal 5: Both Walsh sequences and DFT sequences can be considered for PUSCH with OCC.
2.3.2 OCC size
It is worth noting that there is a relationship between the repetition count and the length of the OCC sequence. The base station has configured an OCC sequence for the UE, but during scheduling, the repetition number may be adjusted to achieve reliable transmission, which results in a mismatch between the OCC size and repetition number. Furthermore, the number of PUSCH OFDM symbols depends on the configuration of DMRS, the possible OCC length is limited by the DMRS symbols when the OCC scheme is across symbols. OCC spread length may not fit into the length of PUSCH symbols when the available symbols are not integer multiples of the length of the OCC sequence. So the size of the repetition may have varying relationships with the size of the OCC sequence constrained by legacy consideration and configuration.
[bookmark: OLE_LINK4]Proposal 6: The problem with the mismatch between the OCC size and repetition number should be studied.
Conclusion
In this contribution, we provided our views on NR-NTN uplink capacity enhancements. Our observations and proposals are as follows:
Proposal 1: The OCC for configured grant Type 1 PUSCH can be accomplished through RRC.
Proposal 2: Special fields of the CS-RNTI scrambled DCI can be utilized for explicit indication of OCC for configured grant Type 2 PUSCH.
Proposal 3: The following OCC scheme for DFT-s-OFDM PUSCH can be considered :
· Across RV
· Across symbol group
· Across slot group
Proposal 4: The scheme of OCC should be indicated.
Proposal 5: Both Walsh sequences and DFT sequences can be considered for PUSCH with OCC.
Proposal 6: The problem with the mismatch between the OCC size and repetition number should be studied.
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