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1 Introduction
During RAN1#116 meeting, the following agreements were achieved for the study of PUSCH capacity enhancement. 
	Agreement

· Adopt the table below for assumptions for Evaluation parameters for link level evaluation in NR NTN UL capacity and throughput enhancements

Parameter
Value
Channel model

· NTN-TDL-C Rural, 30° elevation angle

Carrier frequency

· 2 GHz

Subcarrier spacing
· 15 kHz

UE speed

· 3 km/h

Frequency hopping 

· No frequency hopping

PUSCH mapping type A with

· 14 OS- for OCC across slots including DMRS 

HARQ configuration 

· No HARQ

Channel coding

· LDPC

TBS

· Reported by companies, e.g.

· ≈184 bits payload @AMR 4.75kbps96 bits @Low data rate
DMRS configuration / port / bundling

1 port per UE

Reported by companies

· DMRS positions for single-symbol DMRS and optional double-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 respectively with ld=14, l0=2 and pos1 in [38.211].

· up to 8 DMRS Ports

Optional DMRS Bundling

PRBs/MCS

Reported by companies, e.g. 

· 1 PRB, 2 PRBs

· MCS in Table 6.1.4.1-2 in [TS 38.214]

Max repetition number
· Reported by companies – up to 20 for VoIP, up to 32 for low data rates

OCC length 

Reported by companies, e.g.

·  Up to 8

OCC sequence

Reported by companies, e.g.

· Walsh sequences in Table 6.3.2.6.3-1 in TS38.211

· DFT sequence in Table 6.3.2.6.3-2 in TS38.211
Antenna configuration at Satellite
· 1Rx
Antenna configuration at UE
· 1Tx
Agreement

· Adopt the table below for assumptions for modelling impairments for link level evaluation in NR NTN UL capacity and throughput enhancements

Parameter
Value
TO

Reported by companies
· With TO: Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts
· Optional without TO

FO

Reported by companies
· Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible.

· Optional: with lower maximum residual FO, to be reported by companies
Timing drift 
Optional
Receiver algorithm

To be reported by companies, e.g.

· MMSE
Channel estimation

· Real channel estimation
Agreement

· Adopt the table below for assumptions for KPIs for link level evaluation in NR NTN UL capacity and throughput enhancements

Parameter
Value
Number of code-division multiplexed users
Reported by companies (up to 8)
KPI – SNR for a target BLER per UE

As in Rel-18 (otherwise reported by companies)
· VoIP: SNR @2% BLER
· For other cases: SNR @10% BLER
KPI - Aggregated throughput
Reported by companies
Total throughput according to number of code-division multiplexed users (up to 8)

Note: companies should also report the throughput for the case without OCC




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. Besides, it may have impact on the low PAPR characteristic of DFT-s-OFDM waveforms. Thus, compared with pre-DFT OCC spreading, post-DFT frequency-domain OCC spreading can be optional studied with a low priority. 
Observation 1: In theory, post-DFT frequency domain OCC spreading is more sensitive to delay spread than pre-DFT base solution. Besides, it may have impact on the Low PAPR characteristic of DFT-s-OFDM waveforms. 
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 the doppler shift. 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.    
Observation 2: In theory, post-FFT time domain OCC spreading is sensitive to the doppler shift. Compare with pre-DFT based OCC spreading, time domain OCC spreading may experience non-negligible performance degradation. 
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. 
Proposal 1: Study and evaluate the following two potential solutions for NR-NTN PUSCH capacity enhancements.
· Pre-DFT OCC spreading

· Repetition-based OCC multiplexing 

2.2 Preliminary evaluation results  
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. 
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In our simulation, the DMRS orthogonality with orthogonal DMRS ports as specified in TS 38.211 is assumed, which has effect on the performance of channel estimation. Besides, the UE impairment with timing offset and frequency offset is also assumed. For the timing offset and frequency offset, we assume that the UE has the ability for frequency offset pre-compensation and timing advance pre-compensation before each slot. So, the frequency offset and timing offset is reset per slot. 
Our preliminary simulation results for pre-DFT based OCC spreading and repetition-based OCC multiplexing are provided respectively. Detailed simulation parameters are summarized in Table A.1-1~Table A.1-3 in the Annex A.1. 
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 in a single slot allocated for the PUSCH transmission. Since 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 base OCC spreading with PUSCH repetitions using RV cycling and/or TBoMS to obtain more coded bits. In order to more intuitively observe the impact of multiple UEs’ multiplexing on the link performance, we provide simulation results for different services with pre-DFT based OCC spreading with 8 repetitions, and pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions respectively, as shown in Table 2 - Table 5.
Table 2 required SNR @ 2% BLER for pre-DFT based OCC spreading with 8 repetitions for VOIP

	# of UEs 
	1
	2
	4
	6
	8

	SNR
	4.1
	5.2
	6.8
	9.6
	NA


Table 3 required SNR @ 2% BLER for pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for VOIP
	 # of UEs
	1
	2
	4
	6
	8

	SNR
	4.1
	5.0
	5.7
	7.0
	7.6


Based on the simulation results as shown above, we can observe that, both pre-DFT based OCC spreading with repetitions, and pre-DFT based OCC spreading with TBoMS, have non-negligible performance degradation for VOIP service. when the number of multiplexed UEs is 2, the performance degradation is 1.1 dB and 0.9 dB for pre-DFT based OCC spreading with 8 repetitions, and pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions respectively. When the number of multiplexed UEs is 4, the performance degradation is 2.7dB for pre-DFT based OCC spreading with 8 repetitions. However, pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions is 1.1 dB better than pre-DFT based solution with only 8 repetitions. 
Observation 3: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is ~1.1 dB and ~2.7 dB for 2 and 4 multiplexed UEs respectively compared with single UE transmission for VOIP service with 2% BLER. 

Observation 4: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0.9 dB and 1.6 dB for 2 multiplexed UEs and 4 multiplexed UEs respectively compared with single UE transmission for VOIP service with 2% BLER.

Table 4 required SNR @ 10% BLER for pre-DFT based OCC spreading with 8 repetitions for low data rate
	# of UEs 
	1
	2
	4
	6

	SNR
	-2.0  
	-1.5
	-0.3
	1.6


Table 5 required SNR @ 10% BLER for pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for low data rate 
	# of UEs 
	1
	2
	4
	6

	SNR
	-2.0
	-1.8
	-1.1
	-0.2


For low data rate service with 10% BLER requirement, the transmission performance is much better than VOIP.  When the number of multiplexed UEs is 2, the performance degradation of pre-DFT based OCC spreading is minor. When the number of multiplexed UEs is 4 and 6, pre-DFT based OCC spreading with 8 repetitions has 1.7 dB and 3.6 dB performance degradation respectively. Pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions has 0.9 dB and 1.8 dB performance loss for 4 and 6 multiplexed UEs respectively. 
Observation 5: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is 1.7 dB and 3.6 dB for 4 and 6 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 6: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0.9 dB and 1.8 dB for 4 and 6 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 7: In general, pre-DFT based OCC spreading combining with TBoMS has better link performance than pre-DFT based OCC spreading with repetitions. 

When it comes to the aggregated throughput, we provide our simulation results in Figure 2~Figure 5. In general, it can be observed that higher SNR generally results in a larger increase for both VOIP and low data rate services. Furthermore, apart from 8 UEs' multiplexing, pre-DFT based OCC spreading with 8 repetitions can enhance system-level capacity and throughput, even with a lower SNR and single UE link performance degradation. 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. For example, for VOIP services with 8 UE multiplexing, at an SNR of 10dB, the throughput of pre-DFT based OCC spreading with 8 repetitions can reach approximately 1.35Mbps, roughly 6.9 times greater than the single UE throughput at the current SNR. However, pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions can achieve a similar increase in throughput at an SNR of 4dB.
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Figure 2 Aggregated througput with pre-DFT based OCC spreading with 8 repetitions for VOIP 
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Figure 3 Aggregated througput with pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for VOIP 
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Figure 4 Aggregated througput with pre-DFT based OCC spreading with 8 repetitions for low data rate 
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Figure 5 Aggregated througput with pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for low data rate 

Observation 8: 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 9: 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 repetition-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 Table 6 and Table 7 for VOIP and low data rate service respectively. Besides, the simulation results for the performance metric of aggerated throughput are shown in Figure 6 and Figure 7 for VOIP and low data rate service respectively.  
 Table 6 required SNR @ 2% BLER for repetition-based OCC multiplexing with 8 repetitions for VOIP
	# of UEs 
	1
	2
	4
	8

	SNR
	4.1
	4.1
	4.5
	NA


Table 7 required SNR @ 10% BLER for repetition-based OCC multiplexing with 8 repetitions for low data rate
	# of UEs 
	1
	2
	4
	8

	SNR
	-2.0
	-2.4
	-2.3
	-0.3


Based on above simulation results for the link level performance, we can observe that for both VOIP and low data rate services, at least 4 UE’s multiplexing can be supported with repetition-based OCC multiplexing. For repetition-based OCC multiplexing, the performance loss is 0.4 dB and 0.3 dB for 4 multiplexed UEs for VOIP with 2% BLER and for low data rate service with 10% BLER respectively. When the multiplexed UE number is 8, for low data rate service, the performance gap is 1.7 dB compared with single UE. However, for VOIP with 2% BLER requirement, considering the occurrence with error floor, 8 UEs’ multiplexing is not available. 
Observation 10: For repetition-based OCC multiplexing, the performance loss is 0.4 dB for 4 multiplexed UEs for VOIP with 2% BLER. 
Observation 11: For repetition-based OCC multiplexing, the performance loss is 0.3 dB and 1.7 dB for 4 and 8 multiplexed UEs for low data rate service with 10% BLER. 
For the aggregated throughput, from the following simulation results, we can observe that, even with low SNR, e.g., -12 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 6 Aggregated througput with repetition-based OCC multiplexing with 8 repetitions for VOIP
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Figure 7 Aggregated througput with repetition-based OCC multiplexing with 8 repetitions for low data rate 
Observation 12: In general, repetition-based OCC multiplexing can effectively enhance system throughput, even at low SNR.
Furthermore, when comparing the simulation results of repetition-based OCC multiplexing with pre-DFT based OCC multiplexing, it is obvious that although the TBoMS mechanism can offer some coding gain for pre-DFT based OCC spreading, it still exhibits some performance loss compared to repetition-based OCC multiplexing. Besides, it can be foreseen that the repetition-based OCC multiplexing has much less specification impact than pre-DFT based OCC spreading. Based on above, we propose to consider repetition-based OCC solution with maximum of 4 UEs multiplexing together.
Observation 13: Repetition-based OCC multiplexing shows superior transmission performance compared to pre-DFT OCC spreading.
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.
Observation 1: In theory, post-DFT frequency domain OCC spreading is more sensitive to delay spread than pre-DFT base solution. Besides, it may have impact on the Low PAPR characteristic of DFT-s-OFDM waveforms. 

Observation 2: In theory, post-FFT time domain OCC spreading is sensitive to the doppler shift. Compare with pre-DFT based OCC spreading, time domain OCC spreading may experience non-negligible performance degradation. 

Observation 3: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is ~1.1 dB and ~2.7 dB for 2 and 4 multiplexed UEs respectively compared with single UE transmission for VOIP service with 2% BLER. 
Observation 4: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0.9 dB and 1.6 dB for 2 multiplexed UEs and 4 multiplexed UEs respectively compared with single UE transmission for VOIP service with 2% BLER.

Observation 5: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is 1.7 dB and 3.6 dB for 4 and 6 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 6: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0.9 dB and 1.8 dB for 4 and 6 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 7: In general, pre-DFT based OCC spreading combining with TBoMS has better link performance than pre-DFT based OCC spreading with repetitions. 

Observation 8: 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 9: 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 10: For repetition-based OCC multiplexing, the performance loss is 0.4 dB for 4 multiplexed UEs for VOIP with 2% BLER. 
Observation 11: For repetition-based OCC multiplexing, the performance loss is 0.3 dB and 1.7 dB for 4 and 8 multiplexed UEs for low data rate service with 10% BLER. 
Observation 12: In general, repetition-based OCC multiplexing can effectively enhance system throughput, even at low SNR.
Observation 13: Repetition-based OCC multiplexing shows superior transmission performance compared to pre-DFT OCC spreading.

Proposal 1: Study and evaluate the following two potential solutions for NR-NTN PUSCH capacity enhancements.

· Pre-DFT OCC spreading

· Repetition-based OCC multiplexing 
Annex
A.1 simulation assumption 
Table A.1-1 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

	MCS/RBs
	Case 1: MCS5, 2RBs for VOIP;

Case 2: MCS5, 1RB for low data rate

	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

	TO 
	With TO: Uniform selection from [-0.94us, 0.94us]

	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 A.1-2 Simulation parameters for pre-DFT OCC spreading
	Parameter
	Value

	Number of multiplexed UEs
	1, 2, 4, 6, 8 (8 is only available for cases with suitable number of RBs)

	Repetition
	Option 1: 8 repetitions with RV cycling {0,2,3,1}
Option 2: TBoMS over 4 slots with 2 repetitions and RV cycling {0,2}


Table A.1-3 Simulation parameters for repetition-based OCC spreading
	Parameters
	Values

	Number of multiplexed UEs
	1, 2, 4, 8

	Repetition
	8 with HARQ combination

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


A2: Simulation results 
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Figure A.2-1 BLER-SNR for pre-DFT based OCC spreading with 8 repetitions for VOIP
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Figure A.2-2 BLER-SNR for pre-DFT based OCC spreading with 8 repetitions for low data rate
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Figure A.2-3 BLER-SNR for pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for VOIP
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Figure A.2-4 BLER-SNR for pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions for low data rate 
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Figure A.2-5 BLER-SNR for repetition-based OCC multiplexing for VOIP
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Figure A.2-6 BLER-SNR for repetition-based OCC multiplexing for low data rate
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