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Introduction
For the discussion on uplink capacity/throughput enhancement for FR1-NTN, there were some discussions on the OCC schemes and sequence and some agreements were concluded in the last RAN1 #116-bis meeting.
	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


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 issue 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 multiplexing scheme of PUSCH
OCC Mapping to allocated resources
The potential schemes of OCC techniques multiplex with PUSCH are mentioned in WID [3]: OCC across OFDM symbols, OCC across slots, and OCC within an OFDM symbol. During the last RAN1#116-bis meeting, there was a more detailed elaboration on various technologies. However, it seems that the unified consensus among companies regarding the mapping mechanism for OCC has not be achieved yet. Based on our observations, there are currently two main viewpoints. One is to achieve mapping through block-wise spreading with OCC sequences, while the other is directly multiplying OCC sequences with PUSCH. The inconsistent understanding of the OCC mapping results in the difference between different OCC techniques. Taking the OCC across slots as an example, for the former, the legacy resource mapping cannot be reused. For the legacy mapping scheme, the OCC sequence can multiply with PUSCH after the repetition when each repetition is exactly the same and the length of OCC sequence is the same as the repetition number. For the scheme of OCC spreading, the slot in a PUSCH is repeated by the times of OCC length after block-wise spreading. In fact, some legacy issues are indeed related to resource mapping such as UCI multiplexing. The UCI multiplexed on the PUSCH in a slot can also be block-wise spreading. If the legacy mapping scheme is applied, the UCI piggyback is not suitable and the multiplexing rules should be redesigned.
Proposal 3: The mapping rule for PUSCH with OCC should be studied. 
Inter-slot OCC
According to the legacy procedure, PUSCH repetition will be performed by transmitting a different RV for each repetition. The OCC scheme is not suitable for this scenario because the OCC application requires the content of each repetition to be exactly the same to ensure orthogonality. For the legacy mapping scheme, the adjacent RV is different. The direct OCC spreading over different redundancy versions is infeasible. There are two options to solve this issue, the first one is to pause the RV cycling and keep the RV for different repetitions to be the same, e.g. always RV0 and the second is to modify the RV cycling period. For the first option, it sacrifices the benefit of incremental redundancy. For the second option, the RV cycling period can be modified according to the length of the OCC sequence to ensure repetition spread by OCC sequence with the same RV.
[bookmark: _Hlk166001251]Proposal 4: For the PUSCH with OCC spreading, the RV cycling period can be modified according to the length of the OCC sequence.
Inter-symbol OCC
If we want to apply inter-symbol OCC, the content of multiple adjacent symbols should be the same. Suppose the block-wise spreading is employed to OCC across symbols for PUSCH. In this resource mapping, each symbol will be repeated in adjacent positions with OCC sequence, and different symbol groups are connected with each other. In the current specification, the number of PUSCH symbols can be configured via TDRA. After applying PUSCH with OCC spreading, it needs to be clarified whether the number of total symbols is based on the TDRA indication or is associated with the length of the OCC sequence. 
[image: ]
Figure 1. OCC= [1 -1 1 -1] across symbols
Another issue is that the symbol group after spreading may cross the slot boundary if the length of the OCC sequence is large just as the Type B PUSCH. In the current specification, a nominal PUSCH repetition will be divided into one or more actual repetitions when passing a slot boundary or invalid symbols. Obviously, the content and length of the actual repetitions are different, so the direct OCC spreading is infeasible.
Proposal 5: For the scheme of OCC across symbols, the number of symbols after OCC spreading should be clarified.
Proposal 6: For the scheme of OCC across symbols, it is necessary to study whether to support Type B PUSCH with OCC.
OCC based PUSCH with TBoMS
In NTN, the uplink signal will experience significant path loss during transmission, and the transmission power at the UE side is relatively low. Therefore, the uplink coverage of NTN also necessitates enhancement. The TBoMS is employed to transmit a single TB processing over multiple slots. The main idea is to combine multiple time slots of PUSCH into one transport block (TB) for transmission, which can reduce packet header overhead and achieve higher coding gain to improve coverage performance. Therefore, TBoMS has the advantage for UL coverage enhancements when the resource is limited.
Proposal 7: TBoMS for PUSCH with OCC can be studied for the enhancement of uplink performance.
OCC sequence design 
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 8: Both Walsh sequences and DFT sequences can be considered for PUSCH with OCC.
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 mapping rule for PUSCH with OCC should be studied. 
Proposal 4: For the PUSCH with OCC, the RV cycling period can be modified according to the length of the OCC sequence. 
Proposal 5: For the scheme of OCC across symbols, the number of symbols after OCC spreading should be clarified.
Proposal 6: For the scheme of OCC across symbols, it is necessary to study whether to support Type B PUSCH with OCC.
Proposal 7: TBoMS for PUSCH with OCC can be studied for the enhancement of uplink performance.
Proposal 8: Both Walsh sequences and DFT sequences can be considered for PUSCH with OCC.
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