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Introduction
During RAN1#116bis meeting, the following agreements were achieved for the study of PUSCH capacity enhancement. 
	[bookmark: _Hlk164098130]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 will focus on several aspects related to study for NR-NTN PUSCH capacity enhancement and share our consideration.
Discussion 
Potential solutions for PUSCH capacity enhancement 
According to the last RAN1 meeting agreement, OCC multiplexing across OFDM symbols, across slots, and within an OFDM symbol are taken as three potential solutions for the study of NR-NTN PUSCH capacity enhancement. In this section, we provide our views and analysis on these potential solutions respectively 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 block-wise spread based on the OCC sequence length before performing DFT. If the length of the OCC sequence is L, then modulation symbols need to be repeated L times. Meanwhile, each OCC sequence value is used to be covered on the corresponding modulation symbols within a symbol block. According to [1], when pre-DFT OCC spreading are used combining with DFT-based OCC sequence, data symbols of different UEs will be distributed on different subcarriers after performing DFT, as shown in the Figure 1 below. In this way, different signals forom different UEs are FDM-ed multiplexed on the same slot after DFT and resource mapping. Thus, it is feasible for the receiver to de-multiplex and process each UE’s signals without inter-UE’s inference between those multiplexed UEs, and better channel equalization performance gain can be achieved. In theory, FDM based solution is not sensitive to UE impairment, doppler shift and delay spread, which could be taken as an available solution for the study of NR-NTN PUSCH capacity enhancement. 
[image: ]
Figure 1 Frequency domain 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 = 8, it can be generated in accordance with the formula of DFT. We provide DFT-based OCC sequence with length = 8 in table 1 as an example. 

Table 1 DFT-based OCC sequence with length = 8
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When using pre-DFT-based OCC spreading for UE multiplexing, some resources are occupied by spreading symbols and can no longer be used for transmitting some coded bits. Therefore, compared to the transmission of a single UE with the same number of resources and modulation order, the actual number of coded bits carried in each slot will be reduced. Besides, if the TBS in a time slot is also the same, this means that the actual code rate will increase, and the transmission performance may be affected. It needs to be taken into consideration in the subsequent design of the pre-DFT based OCC spreading scheme.

Observation 1: Pre-DFT based OCC spreading is not sensitive to UE impairment, doppler shift and delay spread. 

Observation 2: In the case of pre-DFT based OCC spreading, the actual number of coded bits carried in a slot will be reduced compared to the transmission of a single UE with the same number of resources and modulation order.

Inter-symbol(s) OCC spreading
In the case of inter-symbol OCC spreading, symbol spreading is essential, and, similar to pre-DFT OCC spreading, the actual code rate may be increased. With inter-symbol OCC spreading, the post-DFT symbols are spread across OFDM symbols in the time domain based on the OCC length, enabling signals from different UEs to be multiplexed in the same resource elements. Consequently, the receiver must be able to de-multiplex signals from different UEs in the same resources. It's worth noting that the receiver needs to assume that the channel experienced by the time-domain spread symbols is the same for each UE during the de-multiplexing process, resulting in some performance loss due to the doppler shift and UE impairment. Without perfect compensation for the doppler shift, especially in high-speed satellite scenarios, the link performance of inter-symbol OCC spreading may experience significant degradation. Therefore, in comparison to pre-DFT OCC spreading, inter-slot time-domain OCC spreading can be deprioritized for further study.

Observation 3: In the case of inter-symbol(s) OCC spreading for UE multiplexing, the actual number of coded bits carried in a slot will be reduced compared to the transmission of a single UE with the same number of resources and modulation order.

Observation 4: In theory, post-FFT time domain OCC multiplexing is sensitive to the UE impairment and doppler shift. Compare with pre-DFT based OCC spreading, time domain OCC spreading may experience non-negligible performance degradation. 

Inter-slot time-domain OCC multiplexing 
The specific scheme of inter-slot OCC multiplexing, i.e., repetition-based OCC multiplexing, 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. RV cycling can be utilized across every L repetitions. Obviously, inter-slot OCC multiplexing is more sensitive to the UE impairment and doppler shift. However, considering that with repetition-based OCC multiplexing, there is no need to perform symbol spreading, it can achieve lower code rate than the other two OCC spreading solutions. For repetition-based OCC multiplexing, the performance degradation due to UE impairment and doppler shift could be compensated by lower code rate in somehow compared with OCC multiplexing solutions with symbol spreading. Therefore, we suggest to evaluate repetition-based time-domain OCC multiplexing with a higher priority for NR-NTN uplink capacity enhancement. 
Proposal 1: further study the following two potential solutions with a higher priority for NR-NTN PUSCH capacity enhancements.
· Pre-DFT OCC spreading
· Inter-slot OCC multiplexing 
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Evaluation on potential solutions for OCC multiplexing
Evaluation assumptions 
Performance metric: We conduct link-level simulation to evaluate the transmission performance, including the required SNR@ target BLER, and the aggregated throughput across different number of UEs for different services. For the aggregated throughput, we use the following formula for simplifying the simulation. For each SNR, we can obtain the aggregated throughput based on the following calculation. 
 


UE impairment: Timing offset and frequency offset is assumed in our simulation. 

For the timing offset, a same value random selected from [-0.94us, 0.94us] is applied across multiple slots for a single TB transmission. After the end of the slot or repetition for a same TB transmission, the timing offset is randomly selected again. Of course, for OCC multiplexing, the TO value is randomly selected by each UE independently. Besides, timing drift is optional as agreed in RAN1#116 meeting and is not assumed by us. Furthermore, in our simulation, the phase shift caused by TO is evaluated and compensated for both single UE’s transmission and multiple UEs’ transmission with different OCC multiplexing solutions. 

For the frequency offset, we assume it is randomly selected by each UE for each TB transmission. When a single TB is transmitted across multiple slots, e.g., for the case of PUSCH transmission with TBoMS and/or with repetitions, the phase shift caused by the FO is accumulated across multiple slots. For example, for OCC multiplexing with PUSCH repetition type A, if the number of repetitions is 8, then the phase shift is accumulated across 8 repetitions. Also, after the end of slot or repetition for a same TB transmission, the frequency offset is randomly generated again.  

Orthogonal DMRS port: In our simulation, the orthogonality of DMRS is ensured by utilizing orthogonal DMRS ports as specified in TS 38.211. When multiplexing two UEs, port 0 and port 2 are used for each UE respectively, ensuring that the DMRS resources of the two UEs are multiplexed together with different frequency domain resources, and avoiding DMRS overlapping in the same time-frequency domain resources. This approach significantly improves channel estimation performance compared to using CDM-ed DMRS ports. Besides, it also allows for more accurate evaluation of the phase shift caused by the frequency offset (FO) and time offset (TO).

In the case of multiplexing 4 UEs, port 0 to port 3 are used for each UE respectively, resulting in the application of both frequency-division multiplexing (FDM) and code-division multiplexing (CDM) in the frequency domain for DMRS ports. However, due to the time-frequency domain resource overlapping between different DMRS ports, the performance of channel estimation and phase shift evaluation may be somewhat affected. 

In addition, our detailed simulation parameters are provided in Table 2~Table 4 as follows.

Table 2 Common simulation parameters in NTN scenario
	Parameters
	values

	Scenario
	NTN LEO 30°

	Frequency Carrier
	S-band, 2 GHz, FDD band

	Bandwidth
	20MHz

	Waveform
	DFT-S-OFDM

	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

	Frequency hopping
	No

	Channel decoding
	LDPC

	OS
	14-for OCC across slots including DMRS

	TBS
	Case 1: ≈184 bits payload @AMR 4.75kbps;
Case 2: 96 bits @Low data rate

	DMRS configuration
	Type 1, type A, 2-symbol DMRS with l0=2 and pos1 in [38.211], no multiplexing with data 

	DMRS sequence
	Low-PAPR sequence type 1

	DMRS orthogonality for OCC multiplexing
	By different DMRS ports
· 2 UEs: Port 0, Port 2
· 4 UEs: Port 0~3

	TO (timing offset)
	With TO: Uniform selection from [-0.94us, 0.94us];

	Timing drift
	No assumed

	FO
	Uniform selection from [-0.1ppm, +0.1ppm];

	Delay spread
	100ns

	BLER
	•	VoIP: 2%
•	Low data rate: 10%

	Aggregated throughput
	According to number of multiplexed UEs, including single UE 



Table 3 Simulation parameters for pre-DFT OCC spreading
	Parameter
	Value

	Number of multiplexed UEs
	1, 2, 4, 8 (8 is only assumed for some cases, as shown in section 2.2.2)

	Number of slots for a single TB
	Option 1: 8 repetitions with HARQ combination
Option 2: TBoMS over 4 slots with 2 repetitions

	RV sequence
	{0, 2, 3, 1} if available



Table 4 Simulation parameters for slot-based OCC spreading
	Parameters
	Values

	Number of multiplexed UEs
	1, 2, 4

	Number of slots for a single TB
	8 repetitions with HARQ combination

	RV sequence
	{0, 2, 3, 1} if available 



Based on above, link-level simulation was conducted and our simulation results for pre-DFT based OCC spreading and slot-based OCC multiplexing are provided as follows, respectively. 

Evaluation results for Pre-DFT OCC spreading
In the simulation of pre-DFT OCC spreading, we assume that the OCC length equals the number of multiplexed UEs. Additionally, in this simulation, the Transport Block Size (TBS) is calculated based on the total number of Resource Blocks (RBs) and OFDM symbols in a single slot allocated for PUSCH transmission. As there is modulation symbol spreading based on the OCC length, the actual code rate will increase accordingly with the number of multiplexed UEs. To mitigate the performance degradation, it is preferable to combine pre-DFT based OCC spreading with TBoMS to obtain more coded bits. That is, unlike TBoMS in Rel-17, the TBS for pre-DFT OCC spreading with TBoMS is calculated based on resources in a single slot only. In order to more intuitively observe the impact of UE multiplexing on the link performance, we provide simulation results for two different services with pre-DFT based OCC spreading with 8 repetitions, and pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, as shown in Figure 2 – Figure 5.

Based on the simulation results shown below, it is evident that pre-DFT based OCC spreading with TBoMS and repetitions shows superior performance compared to pre-DFT based OCC spreading with repetitions only, despite occupying the same number of slots for both solutions.

For VOIP service with a 2% BLER requirement, when the number of multiplexed UEs is 2, the performance degradation is 0.5 dB with pre-DFT based OCC spreading using 8 repetitions compared to single UE transmission. However, when using pre-DFT based OCC spreading with TBoMS, the performance is almost the same between single UE and 2 UE multiplexing. When the number of multiplexed UEs is 4, the performance degradation is 4.1 dB for pre-DFT based OCC spreading with 8 repetitions. Conversely, with pre-DFT based OCC spreading using 4-slot TBoMS and 2 repetitions, the performance is only reduced by 0.4 dB compared to single UE transmission.

Observation 5: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is ~0.5 dB and ~4.1 dB for 2 and 4 multiplexed UEs respectively compared to single UE transmission for VOIP service with 2% BLER. 

Observation 6: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0 dB and 0.4 dB for 2 multiplexed UEs and 4 multiplexed UEs respectively compared to single UE transmission for VOIP service with 2% BLER.

For low data rate services with a 10% BLER requirement, the performance gap for pre-DFT based solutions is similar to VOIP when compared to a single UE. Of course, the absolute value of SNR for the baseline solution is definitely smaller. For pre-DFT based OCC spreading with 8 repetitions, when the number of multiplexed UEs is 2 and 4, the performance degradation is 0.7 dB, and 1.9 dB respectively compared to single UE transmission. However, Pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions has 0 dB and 0.6 dB performance loss for 2 and 4 multiplexed UEs respectively. 

Observation 7: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is 0.7 dB and 1.9 dB for 2 and 4 multiplexed UEs respectively for low data rate service with 10% BLER.

Observation 8: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0 dB and 0.6 dB for 2 and 4 multiplexed UEs respectively for low data rate service with 10% BLER.

Observation 9: In general, pre-DFT based OCC spreading combining with TBoMS and repetitions has better link performance than pre-DFT based OCC spreading only with repetitions. 
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Figure 2 Pre-DFT based OCC spreading with 8 repetitions for VOIP

               [image: ]
Figure 3 Pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for VOIP
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Figure 4 Pre-DFT based OCC spreading with 8 repetitions for low data rate

                  [image: ]
Figure 5 Pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for low data rate 

When it comes to the aggregated throughput, we provide our simulation results in Figure 6~Figure 8. In general, it can be observed that higher SNR generally results in a larger increasing for both VOIP and low data rate services. Furthermore, pre-DFT based OCC spreading with 8 repetitions can enhance system-level capacity and throughput even with a lower SNR. Of course, it is worth to mention that pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions could improve system-level capacity for all numbers of multiplexed UEs.

Furthermore, it can be observed that at low SNR, Pre-DFT based OCC spreading with TBoMS provides a better increase in system throughput compared to pre-DFT based OCC spreading with repetitions especially in a lower SNR range. For example, for low data rate services with 4 UE multiplexing, at an SNR of -7 dB, the throughput of pre-DFT based OCC spreading with 8 repetitions can reach approximately 170 kbps, roughly 2.6 times greater than the single UE throughput at the current SNR. However, the throughput of pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions can reach approximately 270 kbps with the same SNR.

             [image: ]
Figure 6 Aggregated througput with pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for VOIP 
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Figure 7 Aggregated througput with pre-DFT based OCC spreading with 8 repetitions for low data rate 
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Figure 8 Aggregated througput with pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for low data rate 

Observation 10: In general, pre-DFT based OCC spreading can effectively enhance system throughput, even in the case of degraded link performance for a single UE.

Observation 11: Pre-DFT based OCC spreading with TBoMS provides a better increase in system throughput compared to pre-DFT based OCC spreading with repetitions at low SNR. 

Evaluation results for slot-based OCC multiplexing 
For repetition-based OCC multiplexing, RV cycling is assumed if available for different number of multiplexed UEs. Besides, different values in one OCC sequence is applied for adjacent slots. The simulation results for the performance metric of required SNR are shown in Figure 9 and Figure 10 for VOIP and low data rate service respectively. Besides, the simulation results for the performance metric of aggerated throughput are shown in Figure 11 and Figure 12 for VOIP and low data rate service respectively.  

[image: ]
Figure 9 repetition-based OCC multiplexing for VOIP

[image: ]
Figure 10 repetition-based OCC multiplexing for low data rate

Based on above simulation results for the link level performance, we can observe that for both VOIP and low data rate services, at least 2 UE’s multiplexing can be supported with repetition-based OCC multiplexing. For repetition-based OCC multiplexing, the performance loss is 0.5 dB and 0.6 dB for 2 multiplexed UEs for VOIP with 2% BLER and for low data rate service with 10% BLER respectively. When the multiplexed UE number is 4, for low data rate service, the performance loss is 3.9 dB compared to single UE. However, for VOIP with 2% BLER requirement, due to the UE impairment between different UEs, the performance loss of 4 UEs’ multiplexing is above than 10 dB. 

Observation 12: For repetition-based OCC multiplexing, the performance loss is 0.5 dB and 0.6 dB for 2 multiplexed UEs for VOIP with 2% BLER and for low data rate with 10% BLER respectively. 

Observation 13: For repetition-based OCC multiplexing, the performance loss is more than 10 dB and 3.9 dB for 4 multiplexed UEs for VOIP with 2% BLER and for low data rate service with 10% BLER respectively. 

For the aggregated throughput, from the following simulation results, we can observe that, even with low SNR, e.g., -7 dB, the system throughput can also be improved compared with single UE. Of course, it is no doubt that repetition based OCCC multiplexing can effectively enhance system throughput either.
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Figure 11 Aggregated througput with repetition-based OCC multiplexing with 8 repetitions for VOIP

[image: ]
Figure 12 Aggregated througput with repetition-based OCC multiplexing with 8 repetitions for low data rate 

Observation 14: In general, repetition-based OCC multiplexing can effectively enhance system throughput, even at low SNR and with single UE’s performance degradation.

Comparison between pre-DFT based solution and inter-slot based OCC multiplexing
Furthermore, when comparing the simulation results between repetition-based OCC multiplexing and pre-DFT based OCC multiplexing with TBoMS, it is obvious that since the TBoMS scheme can offer some coding gain for pre-DFT based OCC spreading, and considering that pre-DFT based solution is less sensitive to the UE impairment caused by TO and FO, pre-DFT OCC spreading with TBoMS shows superior transmission performance compared to repetition-based OCC multiplexing.
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Figure 13 Comparison of potential solutions with OCC length = 4 for VOIP service
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Figure 14 Comparison of potential solutions with OCC length = 2 for VOIP service

[bookmark: _Hlk166298238]Observation 15: pre-DFT OCC spreading with TBoMS shows superior transmission performance compared to repetition-based OCC multiplexing.

Table 5 simulation results for potential solutions for NR-NTN PUSCH capacity enhancement
	-
	service
	Solution
	Number of UEs

	-
	-
	-
	1
	2
	4
	8

	Required SNR (dB)

	VOIP with 2% BLER
	Pre-DFT OCC 
	-4.2
	-3.7
	-0.1
	-

	
	
	Pre-DFT OCC with TBoMS
	
	-4.2
	-3.8
	-0.4

	
	
	Inter-slot OCC 
	
	-3.7
	7.9
	-

	
	Low data rate with 10% BLER
	Pre-DFT OCC 
	-6.1
	-5.4
	-4.2
	-

	
	
	Pre-DFT OCC with TBoMS
	
	-6.1
	-5.5
	

	
	
	Inter-slot OCC multiplexing
	
	-5.5
	-2.2
	



Besides, as shown in Table 5 with summarized simulation results for all solutions, the pre-DFT based OCC spreading with TBoMS has the best performance among the three solutions in our simulation. According to the simulation results of pre-DFT based OCC spreading with TBoMS, the performance loss for 8 UE multiplexing is 3.8 dB compared to single UE transmission, which is not acceptable in our view. For other solutions, the performance may be even worse. Thus, repetition number = 8 is not preferred by us.

Proposal 2:  Don’t support 8 UE multiplexing for NR-NTN uplink capacity enhancement. 

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.

Observation 1: Pre-DFT based OCC spreading is not sensitive to UE impairment, doppler shift and delay spread. 
Observation 2: In the case of pre-DFT based OCC spreading, the actual number of coded bits carried in a slot will be reduced compared to the transmission of a single UE with the same number of resources and modulation order.
Observation 3: In the case of inter-symbol(s) OCC spreading for UE multiplexing, the actual number of coded bits carried in a slot will be reduced compared to the transmission of a single UE with the same number of resources and modulation order.
Observation 4: In theory, post-FFT time domain OCC multiplexing is sensitive to the UE impairment and doppler shift. Compare with pre-DFT based OCC spreading, time domain OCC spreading may experience non-negligible performance degradation. 
Observation 5: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is ~0.5 dB and ~4.1 dB for 2 and 4 multiplexed UEs respectively compared to single UE transmission for VOIP service with 2% BLER. 
Observation 6: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0 dB and 0.4 dB for 2 multiplexed UEs and 4 multiplexed UEs respectively compared to single UE transmission for VOIP service with 2% BLER.
Observation 7: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is 0.7 dB and 1.9 dB for 2 and 4 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 8: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0 dB and 0.6 dB for 2 and 4 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 9: In general, pre-DFT based OCC spreading combining with TBoMS and repetitions has better link performance than pre-DFT based OCC spreading only with repetitions. 
Observation 10: In general, pre-DFT based OCC spreading can effectively enhance system throughput, even in the case of degraded link performance for a single UE.
Observation 11: Pre-DFT based OCC spreading with TBoMS provides a better increase in system throughput compared to pre-DFT based OCC spreading with repetitions at low SNR. 
Observation 12: For repetition-based OCC multiplexing, the performance loss is 0.5 dB and 0.6 dB for 2 multiplexed UEs for VOIP with 2% BLER and for low data rate with 10% BLER respectively. 
Observation 13: For repetition-based OCC multiplexing, the performance loss is more than 10 dB and 3.9 dB for 4 multiplexed UEs for VOIP with 2% BLER and for low data rate service with 10% BLER respectively. 
Observation 14: In general, repetition-based OCC multiplexing can effectively enhance system throughput, even at low SNR and with single UE’s performance degradation.
Observation 15: pre-DFT OCC spreading with TBoMS shows superior transmission performance compared to repetition-based OCC multiplexing.

Proposal 1: further study the following two potential solutions with a higher priority for NR-NTN PUSCH capacity enhancements.
· Pre-DFT OCC spreading
· Inter-slot OCC multiplexing 
Proposal 2:  Don’t support 8 UE multiplexing for NR-NTN uplink capacity enhancement. 
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