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Introduction
Following objective was included in Rel-19 NR NTN WID regarding UL capacity/throughput enhancement as approved in RAN#102 meeting [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, our views on DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) for UL capacity/throughput enhancement for FR1-NTN are provided.

[bookmark: DocumentFor]Discussion 
For Rel-19 NR NTN study, the capacity performance on uplink is to be optimized through multiplexing techniques, where DFT-s-OFDM PUSCH enhancements via OCC is mainly considered. Whether/how to support DFT-s-OFDM PUSCH enhancements via OCC for UL capacity/throughput enhancement for FR1-NTN is discussed from following aspects. 
Feasibility of DFT-s-OFDM PUSCH enhancements via OCC
In 5G NR, OCC is already used for PUCCH format 1 and format 4 to multiplex PUCCH resources for multiple users, and for PUSCH DMRS to differentiate antenna ports in a CDM group. From technique perspective, OCC can enable accommodating multiple users’ transmissions at the same time/frequency resource and improve overall system performance, which is particularly effective in scenarios where multiple users need to do transmission simultaneously. Based on R18 NR NTN UL coverage enhancement, handheld UEs shall perform repetitions due to the large propagation loss and the limited transmit power. Typically, it is desirable that a lot of UEs do transmission simultaneously. According to discussion in RAN plenary [2], if OCC is applied, the performance of UL coverage is not largely affected but UL capacity can be improved up to 10 times in case of low coding rate. Thus, it’s beneficial to apply OCC for PUSCH to multiplex multiple UEs in the same PRB.   
Proposal 1:
Support DFT-s-OFDM PUSCH enhancements via OCC for Rel-19 NR NTN.

Design of OCC
Regarding DFT-s-OFDM PUSCH enhancements via OCC, the design of OCC is considered from perspectives of orthogonal code generation, OCC scheme (e.g., inter-slot time domain OCC, inter-symbol time domain OCC, intra-symbol pre-DFT OCC), and determination of applied OCC. 
Orthogonal code generation 
The OCC can be generated by various of techniques, e.g., Walsh-Hadamard matrix, cyclic shift codes, etc., to ensure orthogonality and minimize cross-correlation between OCC codes assigned to different users. For OCC for PUSCH, the design of OCC generation for DMRS can be considered as baseline. In current specifications, Walsh matrix is applied to generate OCC for DMRS for PDSCH with benefits of simple design. For example, with OCC length of 4, the OCC generated by Walsh matrix can be each row of following matrix.
A (4) = 
Meanwhile, for PUSCH DMRS, Walsh matrix is applied to OCC length of 2 and cyclic shift is applied to OCC length of 4, which was introduced in R18 MIMO WI. The reason of adopting cyclic shift instead of Walsh matrix in R18 MIMO is less implementation complexity, better robustness against large delay spread, etc. For example, with OCC length of 4, the OCC generated by cyclic shift can be each row of following matrix.
B (4) = 
In our view, for this agenda, cyclic shift can be reused for generating OCC for PUSCH considering mainly the consistency of the OCC design with DMRS for PUSCH under the assumption that OCC length 4 may be used for PUSCH DMRS in NTN scenario.
Proposal 2:
Consider cyclic shift as baseline for generating OCC for PUSCH.

OCC schemes
Following schemes were discussed in RAN1#116 meeting for OCC for PUSCH:
· Inter-slot time domain OCC
· Inter-symbol time domain OCC
· Intra-symbol pre-DFT OCC
The pros and cons of each OCC scheme are analyzed and summarized as follows.
Table I: Pros and Cons of different OCC schemes
	OCC type
	Pros
	Cons 

	Inter-slot time domain OCC
	Not impacted by large delay spread
	Degradation by large doppler spread if channel is not constant

	
	Less/small impact on OCC design considering UCI multiplexing, TBS determination
	Only applicable for TBoMS and PUSCH repetition case; Impact on OCC design considering inter-slot FH

	Inter-symbol time domain OCC
	Not impacted by large delay spread
	Degradation by large doppler spread if channel is not constant 

	
	
	Impact on OCC design considering FH/ UCI multiplexing /TBS determination

	Intra-symbol pre-DFT OCC 
	Not impacted by large doppler spread; Low PAPR
	Degradation by large delay spread 

	
	Less spec impact considering FH
	Impact on OCC design consider UCI multiplexing /TBS determination


For time-domain OCC (i.e., both inter-slot and inter-symbol), the UL performance may not be impacted by large delay spread and may degrade due to large doppler spread if channel is not constant. For intra-symbol pre-DFT OCC, the UL performance may not be impacted by large doppler spread and may degrade due to large delay spread if channel is not constant. The impact on performance of PUSCH when different OCC schemes are applied can be compared based on simulation results.  
On the other hand, the design complexity and specification effort of different OCC schemes should be considered. For inter-slot OCC, the impact on OCC design considering inter-slot frequency hopping is relatively small, besides, PUSCH transmission with repetition is typical in NTN scenario, which means there’s no clear drawbacks for inter-slot OCC scheme for PUSCH. Besides, there’s no specification impact on TBS determination, and the issue in UCI multiplexing can be resolved with small design complexity and specification effort. For intra-symbol pre-DFT OCC schemes, the issues in UCI multiplexing and TBS determination can be resolved with small design complexity and specification effort, and the OCC design is not impacted by frequency hopping. For inter-symbol OCC, considering impact of intra-slot frequency hopping, UCI multiplexing and TBS determination for OCC design, the mechanisms are complicated and large specification effort is required. Thus, inter-symbol OCC scheme is not preferred, and at least one of inter-slot time-domain OCC and intra-symbol pre-DFT OCC scheme can be supported for PUSCH. 
Proposal 3:
Support at least one of inter-slot time-domain OCC and intra-symbol pre-DFT OCC for PUSCH. 
Regarding the inter-slot time-domain OCC, how to assign each bit of an OCC sequence (e.g., +1 from [+1, +j, -1, -j]) to repetitions should be studied. For example, if OCC length equals repetition factor, each repetition is assigned with one bit of OCC sequence; if OCC length is smaller than repetition factor, mapping of the OCC bits and repetitions should be studied. Moreover, the impact of RV needs to be considered, i.e., the slots which mapped to one OCC sequence shall use same RV to ensure orthogonality. Besides, how to handle the inter-slot frequency hopping should be studied.
Regarding intra-symbol pre-DFT OCC, the OCC sequence can be assigned across subcarriers or across RBs, and how many subcarriers/RBs a bit of an OCC sequence (e.g., +1 or -1) is assigned with can be studied. 
Proposal 4:
For inter-slot time-domain OCC, study how to assign inter-slot OCC sequence to repetitions, how to handle the inter-slot FH, how to handle RV for repetitions, etc.
Proposal 5:
For intra-symbol pre-DFT OCC, study with which unit to apply an OCC, how many subcarriers/RBs a bit of an OCC sequence (e.g., +1 or -1) is assigned with, etc.
Determination of applied OCC  
Regarding the maximum OCC length, considering demodulation, the number of multiplexed users for PUSCH should be the same as or smaller than the maximum number of PUSCH DMRS ports (i.e., 8 ports for PUSCH DMRS in DFT-s-OFDM waveform). Besides, the maximum OCC length also needs to consider the simulation results of performance degradation with different OCC length. 
In addition to the maximum length, which OCC lengths are supported also needs further discussion. The candidate value(s) of OCC length should be based on the maximum OCC length and the applied OCC schemes, which can be configured/indicated by the NW. For OCC with length N, N OCC sequences can be predefined and each of them is defined with an index. 
For OCC length determination, at least inter-slot OCC is related to repetition factor and thus study on how to determine OCC length is necessary together with how to determine repetition factor. For OCC index determination, dynamic indication from multiple candidates has benefits of flexibility, while it may lead to larger overhead. Whether the indication of OCC index is semi-static or dynamic can be further studied.
Proposal 6: 
Identify the maximum length of OCC considering the number of DMRS port for PUSCH with OCC and the performance degradation brought by OCC.
Proposal 7: 
Study how to determine OCC length, e.g., in consideration of repetition factor determination for inter-slot time-domain OCC.
Proposal 8: 
Study whether the indication of OCC index is semi-static or dynamic.

Conclusion 
Proposal 1:
Support DFT-s-OFDM PUSCH enhancements via OCC for Rel-19 NR NTN.
Proposal 2:
Consider cyclic shift as baseline for generating OCC for PUSCH.
Proposal 3:
Support at least one of inter-slot time-domain OCC and intra-symbol pre-DFT OCC for PUSCH. 
Proposal 4:
For inter-slot time-domain OCC, study how to assign inter-slot OCC to repetitions, how to handle the inter-slot FH, etc.
Proposal 5:
For intra-symbol pre-DFT OCC, study with which unit to apply an OCC, how many subcarriers/RBs a code of an OCC sequence (e.g., +1 or -1) is assigned with, etc.
Proposal 6: 
Identify the maximum length of OCC considering the number of DMRS port for PUSCH with OCC and the performance degradation brought by OCC.
Proposal 7: 
Study how to determine OCC length, e.g., in consideration of repetition factor determination for inter-slot time-domain OCC.
Proposal 8: 
Study whether the indication of OCC index is semi-static or dynamic.
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