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1 Introduction
In RAN#102 meeting, a new WID [1] as Non-Terrestrial Networks (NTN) for NR Phase 3 was approved. One of the objectives is to study and specify if beneficial, DFT-s-OFDM PUSCH capacity enhancements via OCC. The details are the following.
	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 will focus on several aspects related to study for NR-NTN PUSCH capacity enhancement and share our consideration.

2 Discussion 
2.1 Potential solutions for PUSCH capacity enhancement 
According to the WID[1], OCC across OFDM symbols, across slots, and/or within an OFDM symbol can be taken as the baseline for the evaluation of NR-NTN PUSCH capacity enhancement. For OCC within a symbol, there are two potential solutions, including pre-DFT OCC spreading and post-DFT frequency-domain OCC spreading. For OCC across OFDM symbols, the potential solution is post-DFT time-domain OCC spreading across OFDM symbols. For OCC across slots, the potential solution is repetition-based OCC multiplexing between different UEs. In this section, we provide our views and analysis on whether it is necessary to study and evaluate these potential solutions as follows.

Pre-DFT OCC spreading
In Rel-15, pre-DFT OCC spreading has been introduced for multiplexing multiple UEs on the long PUCCH with a moderate number of information bits, i.e., PUCCH format 4. The specific scheme of pre-DFT OCC spreading is as follows: For pre-DFT OCC spreading, modulation symbols should be spread based on the OCC sequence length before performing DFT. If the length of the OCC sequence is L, then the modulation symbols need to be repeated L times. Meanwhile, the OCC sequence value needs to be covered on the corresponding modulation symbol. According to [2], when pre-DFT OCC spreading are used in combination with DFT-based OCC sequence, data symbols of different UEs will be distributed on different subcarriers after performing DFT, as shown in the figure below. In this way, after performing FFT, the receiver can distinguish different signals of different UEs, so that each UE’s signal can be processed separately without considering complicated methods for de-multiplex different UEs. And, in this way, since it is not necessary to assume that the channels on several resources for OCC multiplexing are the same, better channel equalization performance can be achieved. In theory, this solution is not sensitive to coherent time and delay spread, which should be taken as an accessible option for the evaluation of NR-NTN PUSCH capacity enhancement. 
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Figure 1 frequency resource locations for different UEs with pre-DFT OCC spreading
Besides, for pre-DFT OCC spreading, the DFT-based OCC sequence with length=2/4 for PUCCH format 4 is reused for NR-NTN PUSCH, as reference in TS 38.211 of clause 6.3.2.6.3. For other length of OCC sequences, e.g., for OCC sequence length = 6 or 8, it can be generated in accordance with the formula of DFT. We provide DFT-based OCC sequence with length = 6 in table 1 as an example. 
Table 1 DFT-based OCC sequence with length=6
	
[image: image2.wmf]n


	
[image: image3.wmf]n

w



	0
	[image: image4.png][+1 41 +1 +1 +1 +1]





	1
	[image: image5.png]_5m. _4m. _2m
[+1e3'e 3) —1 e 3 e 3]





	2
	[image: image6.png]




	3
	[image: image7.png][+1 -1 +1 -1 +1 —-1]





	4
	[image: image8.png]_im _Am _2m _Am
[+1e 37 e 3 +1e 3 e 3’]





	5
	[image: image9.png]fle S e 3 —1e Fe 3
[ e = —1e 3/ e 3]






Post-DFT frequency-domain OCC spreading

For post-DFT frequency domain OCC spreading, the post-DFT symbols should be spread in frequency domain based on the OCC length. Unlike pre-DFT OCC spreading, with post-DFT frequency-domain OCC spreading, signals from different UEs will locate at the same frequency and time domain resources. Correspondingly, during the de-multiplexing process, the receiver needs to assume that the channel experienced by the frequency-domain spread symbols is the same. In this case, there may be some performance loss for channel equalization. In theory, frequency-domain OCC spreading is sensitive to delay spread. Thus, compared with pre-DFT OCC spreading, post-DFT frequency-domain OCC spreading can be optional studied with a low priority. 
Post-DFT time-domain OCC spreading

For post-DFT time-domain OCC spreading, the post-DFT symbols should be spread in time domain based on the OCC length. And, it has the similar drawback with post-DFT frequency-domain OCC spreading that, at the receiver side, it needs to assume the channel experienced by the time-domain spread symbols is the same. And, there is also some performance loss for channel equalization. In theory, time-domain OCC spreading is sensitive to coherent time. If there is no perfect post/pre-compensation of doppler shift for the high speed of satellite, the link performance of pre-DFT time-domain OCC spreading may experience non-negligible degradation. Thus, compared with pre-DFT OCC spreading, post-DFT time-domain OCC spreading can be optional studied with a low priority.    
Repetition-based time-domain OCC multiplexing 

The specific scheme of repetition-based OCC spreading is as follows: L consecutive repetitions with the same redundancy version cover different values of an OCC sequence, where L is the OCC sequence length. Obviously, repetition-based time-domain OCC multiplexing has a similar drawback to post-DFT time-domain OCC spreading, namely, it is sensitive to coherent time. But, considering that with repetition-based OCC multiplexing, there is no need to perform symbol spreading, that is, repetition-based OCC multiplexing can reach a higher code rate that above three OCC spreading methods. For repetition-based OCC multiplexing, the performance degradation due to doppler shift could be compensated by the higher code rate compared with pre-DFT OCC spreading. So, we suggest to evaluate repetition-based time-domain OCC multiplexing for NR-NTN uplink capacity enhancement. Besides, there are two types of PUSCH repetition, i.e., PUSCH repetition type A and PUSCH repetition type B. In the study phase, PUSCH repetition type A can be as a baseline for the evaluation of repetition-based time-domain OCC multiplexing. 
Besides, for repetition-based OCC multiplexing, Walsh sequence or  Hadamard sequence can be used to generate the OCC sequences. 
Other considerations, e.g., time domain + frequency domain OCC spreading can also be optionally considered with a lower priority. 

Proposal 1: At least study and evaluate the following two potential solutions for NR-NTN PUSCH capacity enhancements.
· Pre-DFT OCC spreading

· Repetition-based OCC multiplexing 

2.2 Evaluation assumptions  
Simulation methodology

 For the simulation methodology, we believe LLS is enough to evaluate the impact of OCC multiplexing on link-level transmission performance. In general, LLS can be conducted to compare the transmission performance between different number of multiplexed UEs, including single UE without OCC multiplexing. 
Proposal 2: Conduct LLS for NR-NTN PUSCH capacity enhancement. 
Maximum number of multiplexed UEs

For the maximum number of multiplexed UEs, in our view, different multiplexing methods and OCC sequence generation could have different assumptions. For example, for the pre-DFT OCC spreading, if multiple UEs is multiplexed within one RB, then the maximum number of multiplexed UEs could be assumed as 12. For the repetition-based OCC multiplexing with Walsh sequence or Hadamard sequence, then the maximum number of multiplexed UEs should be a power of 2. However, for the evaluation of PUSCH capacity enhancement, there are two motivations: 1. Analysis whether OCC multiplexing can be applied for NR-NTN PUSCH  with the transmission performance comparison between PUSCH transmission with OCC multiplexing and PUSCH transmission without OCC multiplexing. 2. If OCC multiplexing is applicable, identify the maximum number of multiplexed UEs without or with minor performance degradation.  
In general, in our view, it is not reasonable to limit the maximum number of multiplexed UEs for the evaluation of NR-NTN PUSCH capacity enhancement. The number of multiplexed UEs should be reported by companies when the simulation results are provided. 
Proposal 3: Maximum number of multiplexed UEs can be reported by companies. 

Channel model 

LEO 30° with LOS NTN-TDL-C can be adopted as the NTN scenario and channel model for the evaluation of NTN PUSCH capacity enhancements. Besides, According to the WID[1], NR-NTN PUSCH capacity enhancement may be also applicable for UEs operating in terrestrial networks based on a common design. Thus, NR PUSCH capacity enhancement in TN with the channel model in TR 38.901 can also be evaluated with a low priority if TU permits. 
Proposal 4: Consider the NTN-TDL-C channel as the baseline.
· NR PUSCH capacity enhancement can be optional evaluated with TN channel in TR 38.901 with a low priority. 
Assumption of orthogonal DMRS 

For PUSCH OCC multiplexing, the DMRSs of different UEs should be multiplexed on the same OFDM symbol. In this case, in order to estimate each UE’s channel independently at the receiver, it is necessary to consider the orthogonal design between different UEs’ DMRS. When the number of multiplexed UEs is less than or equal to 8, the existing DMRS orthogonal design in the legacy specification can still be applied for both DMRS with low PAPR sequence type 1 and low PAPR sequence type 2. However, when the assumed maximum number of multiplexed UEs reporting by companies exceeds 8, new design for DFT-s-OFDM PUSCH should be considered. In this case, a simple way is to consider the increased DMRS port mechanism for CP-OFDM PUSCH in R18 MU-MIMO.

Proposal 5: Consider orthogonal DMRS for the evaluation of NR-NTN PUSCH OCC multiplexing. 
2.3 Preliminary evaluation results  
In this contribution, our preliminary simulation results for the impact of NR-NTN PUSCH capacity enhancement are shown as follows.

Evaluation results for Pre-DFT OCC spreading
For the simulation of pre-DFT OCC spreading, we assume that the OCC length equals to the number of multiplexed UEs. Besides, in this simulation, the TBS is calculated by the total number of RBs and OFDM symbols for PUSCH transmissions. Considering that there is modulation symbols spreading based on the OCC length, the actual code rate will be increased accordingly with the number of multiplexed UEs. Here, we conduct link-level simulation to evaluate the performance gap between different number of UEs with different MCS and with different number of repetitions. The simulation results are shown in Figure 1~5 respectively. Detailed simulation parameters are summarized in Table.1 and Table.2 in the Annex. 
According to the simulation results as shown in figure 1 and figure 2, we can observe that even with low code rate, if repetition is not enabled for pre-DFT OCC spreading, the maximum number of multiplexed UEs is quite limited. For MCS0, the maximum number of multiplexed UEs is limited to 2 with ~0.6dB performance loss compared with single UE transmission without pre-DFT OCC spreading. Besides, for MCS0, when the number of multiplexed UEs is 4, the performance loss is ~2.5dB. For MCS2, when the number of multiplexed UEs is 2, the performance loss is ~1.2dB.
[image: image10.png]BLER

o BLER, MCS0, 2RB, NTN-TDL-C, No Repetition
1o ST

107

—F—1UE
—&—20e
o aue
—=—6UE
—+—120e

10
15 10 5 0 5 10 15 20

SNR [dB]




Figure 1 pre-DFT OCC spreading with MCS0 and without repetitions 
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Figure 2 pre-DFT OCC spreading with MCS2 and without repetitions 

Besides, when 16 repetitions with RV cycling are assumed for pre-DFT OCC spreading, the available maximum number of multiplexed UEs varies across different MCS. For MCS0, 6 UEs and 12 UEs can be multiplexed together with about 0.7dB and ~2.1dB performance loss respectively. For MCS5, at most 2 UEs could be multiplexed together with ~0.3dB performance loss. Besides, for MCS5, when the number of multiplexed UE is 4, the performance loss is ~1.9dB. However, for MCS10, when the number of multiplexed UE is 2, the performance loss is ~1 dB.   
Based on above, we can conclude that PUSCH repetitions with low code rate is necessary to support Pre-DFT OCC spreading scheme with more than 2 multiplexed UEs.
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Figure 3 pre-DFT OCC spreading with MCS0 and with 16 repetitions 
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Figure 4 pre-DFT OCC spreading with MCS5 and with 16 repetitions 
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Figure 5 pre-DFT OCC spreading with MCS10 and with 16 repetitions 
Observations 1: For pre-DFT OCC spreading with MCS0 and without repetitions, the performance loss is ~0.6 dB and ~2.5 dB for 2 and 4 multiplexed UEs respectively compared with single UE transmission with 0.1 BLER. 
Observation 2: For pre-DFT OCC spreading with MCS2 and without repetition, the performance loss is ~1.2dB for 2 multiplexed UEs.
Observation 3: For pre-DFT OCC spreading with MCS0 and with 16 repetitions, the performance loss is ~ 0.7dB and ~2.1dB for 6 multiplexed UEs and 12 multiplexed UEs respectively.  
Observation 4: For pre-DFT OCC spreading with MCS5 and with 16 repetitions, the performance loss is ~0.3dB and ~1.9dB for 2 multiplexed UEs and 4 multiplexed UEs respectively.  
Observation 5: For pre-DFT OCC spreading with MCS10 and with 16 repetitions, the performance loss is ~1 dB for 2 multiplexed UEs.   

Observation 6: PUSCH repetitions with low code rate is necessary to support Pre-DFT OCC spreading scheme with more than 2 multiplexed UEs.
Evaluation results for repetition-based OCC multiplexing 

For repetition-based OCC multiplexing, the redundancy version is 0 for every repetition. In this simulation, the number of repetitions is assumed as 8. For repetition-based time domain OCC multiplexing, the performance may be affected by the frequency offset. Here, we conduct link-level simulation to evaluate the performance gap between different number of UEs with different MCS and with different assumption of frequency offset. The simulation results are shown in Figure 6~8 respectively. Detailed simulation parameters are summarized in Table.1 and Table.3 in the Annex. 
According the simulation results as shown in figure 6, we can observe that, for the repetition-based OCC multiplexing without FO assumption with MCS0, the performance loss is ~0.7dB and ~1.4dB for 4 and 8 multiplexed UEs respectively.  

According the simulation results as shown in figure 7, we can observe that, for the repetition-based OCC multiplexing with MCS0 and with 0.1ppm FO and with FO estimation,  the performance loss is ~0.5dB and ~1.7dB for 4 and 8 multiplexed UEs respectively.
Besides, according the simulation results as shown in figure 8, we can observe that, for the repetition-based OCC multiplexing with MCS5 and 0.1ppm FO and with FO estimation,  the performance loss is ~0.4dB and ~4dB for 4 and 8 multiplexed UEs respectively.
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Figure 6 Repetition-based OCC multipexing w/o residual frequency offset assumption with MCS0
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Figure 7 repetition-based OCC multiplexing w/. 0.1ppm FO and w/. FO estimation with MCS0
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Figure 8 repetition-based OCC multiplexing w/. 0.1ppm FO and w/. FO estimation with MCS5
Observation 7: For the repetition-based OCC multiplexing without FO assumption with MCS0, the performance loss is ~0.7dB and ~1.4dB for 4 and 8 multiplexed UEs respectively.  
Observation 8: For the repetition-based OCC multiplexing with MCS0 and with 0.1ppm FO and with FO estimation, the performance loss is ~0.5dB and ~1.7dB for 4 and 8 multiplexed UEs respectively.
Observation 9: For the repetition-based OCC multiplexing with MCS5 and 0.1ppm FO and with FO estimation, the performance loss is ~0.4dB and ~4dB for 4 and 8 multiplexed UEs respectively.
Besides, compared with the simulation results for for pre-DFT OCC spreading and repetion-based OCC multiplexing, we can oberserve that, the repetition-based OCC multiplexing has a better transmission performance with the same number of multiplexed UEs, when the code rate is relatvely large, e.g., for the MCS5, according to the simulation results as shown in Figure 4 and Firue 8 respectively. 
Observation 10: Repetition-based OCC multiplexing shows superior transmission performance compared to pre-DFT OCC spreading with a relatively large code rate for the same number of multiplexed UEs.
3 Conclusion  
In this contribution, we discuss several issues for the study of NR-NTN PUSCH capacity enhancement. Based on the discussion, our views are summarized as follows.
Observations 1: For pre-DFT OCC spreading with MCS0 and without repetitions, the performance loss is ~0.6 dB and ~2.5 dB for 2 and 4 multiplexed UEs respectively compared with single UE transmission with 0.1 BLER. 
Observation 2: For pre-DFT OCC spreading with MCS2 and without repetition, the performance loss is ~1.2dB for 2 multiplexed UEs.
Observation 3: For pre-DFT OCC spreading with MCS0 and with 16 repetitions, the performance loss is ~ 0.7dB and ~2.1dB for 6 multiplexed UEs and 12 multiplexed UEs respectively.  
Observation 4: For pre-DFT OCC spreading with MCS5 and with 16 repetitions, the performance loss is ~0.3dB and ~1.9dB for 2 multiplexed UEs and 4 multiplexed UEs respectively.  
Observation 5: For pre-DFT OCC spreading with MCS10 and with 16 repetitions, the performance loss is ~1 dB for 2 multiplexed UEs.   
Observation 6: PUSCH repetitions with low code rate is necessary to support Pre-DFT OCC spreading scheme with more than 2 multiplexed UEs.
Observation 7: For the repetition-based OCC multiplexing without FO assumption with MCS0, the performance loss is ~0.7dB and ~1.4dB for 4 and 8 multiplexed UEs respectively.  
Observation 8: For the repetition-based OCC multiplexing with MCS0 and with 0.1ppm FO and with FO estimation, the performance loss is ~0.5dB and ~1.7dB for 4 and 8 multiplexed UEs respectively.
Observation 9: For the repetition-based OCC multiplexing with MCS5 and 0.1ppm FO and with FO estimation, the performance loss is ~0.4dB and ~4dB for 4 and 8 multiplexed UEs respectively.
Observation 10: Repetition-based OCC multiplexing shows superior transmission performance compared to pre-DFT OCC spreading with a relatively large code rate for the same number of multiplexed UEs.
Proposal 1: At least study and evaluate the following two potential solutions for NR-NTN PUSCH capacity enhancements.

· Pre-DFT OCC spreading

· Repetition-based OCC multiplexing 
Proposal 2: Conduct LLS for NR-NTN PUSCH capacity enhancement. 
Proposal 3: Maximum number of multiplexed UEs can be reported by companies. 

Proposal 4: Consider the NTN-TDL-C channel as the baseline.

· NR PUSCH capacity enhancement can be optional evaluated with TN channel in TR 38.901 with a low priority. 

Proposal 5: Consider orthogonal DMRS for the evaluation of NR-NTN PUSCH OCC multiplexing. 
Annex
Table 1 Common simulation parameters in NTN scenario
	Parameters
	values

	Scenario
	NTN LEO 30°

	Frequency Carrier
	S-band, 2 GHz, FDD band

	Bandwidth
	20MHz

	SCS
	15kHz 

	Number of Rx chains for gNB
	1Rx

	Number of Tx chains for UE
	1Tx

	UE velocity
	3km/h

	Channel model
	NTN-TDL-C, LOS

	Delay spread
	300ns


Table2 Simulation parameters for pre-DFT OCC spreading
	Parameter
	Value

	Waveform
	DFT-S-OFDM

	Number of RBs
	2

	MCS
	Option 1: MCS0;

Option 2: MCS2;

Option 3: MCS5;

Option 4: MCS10

	Number of OS
	14

	DMRS configuration
	Type 1, type B, 2 DMRS symbols, no multiplexing with data 

	BLER
	10%

	Number of multiplexed UEs
	1, 2, 4, 6, 12

	Frequency drift
	Not assumed

	Frequency offset
	0.1 ppm

	BLER
	10%

	Repetition
	Option 1: No repetition

Option 2: 16 repetitions with RV cycling


Table 3 Simulation parameters for repetition-based OCC spreading
	Parameters
	Values

	Waveform
	DFT-S-OFDM

	Number of RBs
	2

	MCS
	Option 1: MCS0
Option 2: MCS5

	Number of OS
	14

	DMRS configuration
	Type 1, type B, 2 DMRS symbols, no multiplexing with data 

	BLER
	10%

	Number of multiplexed UEs
	1, 2, 4, 8

	Frequency drift
	Not assumed

	Frequency offset
	Option 1: 0.1 ppm

Option 2: Not assumed

	BLER
	10%

	Repetition
	8 with HARQ combination

	RV sequence
	{0,0,0,0}
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