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1. Introduction
[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Toc466352963][bookmark: _Toc472222530]In RAN1 #92, agreements have been made to evaluate the link level performance of proponents’ NOMA schemes.  The agreements made so far are listed in [1].  In the RAN1 #92 meeting, a slightly revised version of low-rate channel code and signature based shared access (LSSA) [2] was introduced as a NOMA candidate to achieve increased total network spectral efficiency.  In this contribution, we present some of the initial UL LLS performance results of the proposed LSSA scheme, which is compared with OFDMA reference model under the simulation setup agreed so far.
2. Link level simulation setup and assumptions
2.1. General simulation setup 
Following parameter setup listed in Table 1 is used in the simulation, as agreed in [1].  In order to compare how the proposed LSSA NOMA scheme performs under varying number of UL users compared to the interference free single UL user case, the performance metric used for the simulation is BLER vs per UE SNR at a given pair of {per UE SE, # of UEs}.  For both OMA and NOMA, the total time/frequency (REs) used for the corresponding use case scenario LLS is always the same, but per UE wise, depending on OMA or NOMA, bits/REs it may have differences.  Nevertheless, once per UE SE is figured out, total multiplexed SE can be derived.
For the sum throughput vs SNR at Rx at given BLER level (for a given pair of # of UEs), the results are in direct relationship with the BLER vs per UE SNR at a given pair of # UEs.  Since the calculation of SNR at Rx depends on total amount of input power at gNB (in other words, the total number of transmitting UL users) a direct translation of BLER vs per UE SNR to BLER vs SNR at Rx is simple by calculating/adjusting the noise power at Rx.  Thus, linear shift towards higher required SNR for a targeted BLER occurs by having higher number of transmitting UL users.  And then, sum throughput vs SNR at given BLER level can be derived.
Total number of REs are fixed for each use case scenarios (i.e. 864 for mMTC, 432 for URLLC, and 1728 for eMBB).  Although current NR defines the number of orthogonal DMRS ports as much as 12 per slot, we find that the number of ports available for orthogonal channel estimation is relatively low, especially when considering very high number of supported multiplexed UEs is possible for mMTC case.  For instance, there is no support, in terms of number of DMRS ports, when 30 UEs are multiplexed within an allocated bandwidth of 6 PRBs per slot.  Therefore, without any considerations on supported DMRS ports availability, we fix the total number of REs for each use case scenarios.  
For OMA, allocated bandwidth are assumed as follows: 1 PRB per UE for mMTC, 2 PRBs per UE for eMBB, and 4 PRBs per UE for URLLC case.  In other words, fixed 6 UEs for mMTC, 3 UEs for URLLC, and 6 UEs for eMBB are assumed.  For LSSA, various repetition (spreading factor) levels in bit or symbol level and channel coding rate are applied to meet the same total REs that OMA is configured for.  The number of UEs multiplexed for given total REs ranges from 1 up to 30 UEs, depending on use case scenarios.  However, due to lack of URLLC use case resource, the range of multiplexed UEs for both OMA and NOMA are limited.

[bookmark: _Ref450656597][bookmark: _Ref450656593]Table 1. Evaluation parameters – LLS for UL
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Carrier Frequency
	700 MHz
	4 GHz 
	4 GHz
	

	Waveform 
(data part)
	CP-OFDM
	CP-OFDM 
	CP-OFDM 
	

	Channel coding
	URLLC: NR LDPC
 eMBB: NR LDPC 
mMTC: NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	Numerology 
(data part)
	SCS = 15 kHz, #OS = 14
	SCS = 30 kHz, #OS = 4

	SCS = 15 kHz
#OS = 14
	For #OS=14, 
#bits per RE calculation does not include DMRS overhead (e.g., REs of one every 7 symbols for DMRS would not be used to carry the data)

	Allocated bandwidth
	6 
Fixed total REs
864 (assuming 2 OFDM symbols are DMRS overhead)
	12 
Fixed total REs
432 (assuming 1 OFDM symbol is DMRS overhead)
	12 
Fixed total REs
1728 (assuming 2 OFDM symbols are DMRS overhead)
	

	TBS per UE
	[10, 20, 40, 60, 75] bytes.

	[10, 20, 40, 60, 75] bytes.

	 [20, 40, 80, 120, 150] bytes. 
	

	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	OMA: 6 UEs
NOMA: 1~30 UEs
	OMA: 3 UEs
NOMA: 1~12 UEs
	OMA: 6 UEs
NOMA: 1~30 UEs
	Companies are encouraged to perform evaluations with various number of UEs 

	BS antenna configuration
	4Rx

	Only TDL models are applied

	UE antenna configuration
	1Tx  
	

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h, CDL optional
	

	Max number of HARQ transmission
	1 
	1 
	1
	

	Channel estimation
	Ideal channel estimation 
	

	MA signature allocation (for data and DMRS)
	Fixed/Random
	Fixed MA signature in principle, but it can be modified to be selected by UE in a random way

	Distribution of avg. SNR
	Equal 

	Equal
	Equal
	

	Timing offset
	0 
	

	Frequency error
	0 
	

	Traffic model for link level
	Full buffer 
	

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. AWGN curves can be provided also.

	



2.2. Resource allocation setup for OFDMA and LSSA
Localized subcarrier allocation is assumed for OFDMA transmission case.  For OFDMA transmission, each user occupies 1 (or 2) PRB bandwidth, whereas the non-orthogonal scheme shares the entire designated frequency and time resource for the system, as illustrated in figure 1.  A 2-dimensional comparison of orthogonal vs non-orthogonal transmission scheme, in terms of resource allocation, for 12 user UL transmission case is shown.


Figure 1 Comparison of orthogonal vs non-orthogonal user resource allocation schemes

3. Receiver design considerations
3.1.  Modified ESE 
The proposed NOMA scheme uses low-rate channel code along with user specific short permutation pattern, as a signature, which is predefined during the RRC configuration state [2].  This signature pattern is unknown to other UL transmitters.  Although blind decoding of overlaid non-orthogonal signal is detected/decoded for user transmission activity, the LLS simulation results, to be presented in the next section, assumes perfectly known user channel estimation information and each signature pattern.  LSSA UL transmitter assumes parallel interference cancellation (SIC) type decoding algorithm like elementary signal estimator being applied to the receiver, as shown in figure 2.  


Figure 2 Example of LSSA transmitter and receiver structure
Since all the PUSCH payload data are channel encoded with CRC, the cyclic redundancy check procedure can aid the ESE iteration process.  The conventional way to subtract inter-user signal was via soft cancellation of LLR signals in the received LLR signal.  This is a default setting for typical ESE inter UE interference cancellation procedure.  However, if at least one of the targeted user is CRC checked, the receiver can regenerate the exact channel convoluted transmitted CRC checked UE signal, and, thus, the gNB can completely eliminate the already CRC checked UE’s signal from the received signal.  This type of modification can potentially lead to not only reduced decoding latency (both the number of UEs to be decoded and the number of decoding iteration) but also overall average BLER performance enhancement.  If OFDM is selected waveform for UL transmission, all the signal processing steps shown in figure 2 are contained in the frequency domain.
4. Link level simulation results 
In this section, uplink LLS performance of OFDMA and LSSA are compared.  The receiver antenna configuration is fixed to 4.  Channel model is TDL-A type with delay spread of DS=30ns.  The average total received power per UE (equal SNR) is kept the same, and the SNR is defined per UE transmit power over noise power in the given bandwidth.
4.1. mMTC scenario 
Following figures 3, 4 and 5 show BLER curves with total of 864 available REs for mMTC scenario.  The number of REs are derived from the condition that 2 OFDM symbols out of 14 are allocated for DMRS.  Thus, 12 OFDM symbols with 6 PRB bandwidth can be used for data transmission.  For 20 bytes payload OMA, QPSK modulation and LDPC channel coding rate of R=0.56 is chosen to get a reasonable performance. Since 1 PRB is allocated for 1 UE, a total of 6 UEs can be multiplexed for OMA scheme.  For 20 bytes payload LSSA, bit-level spreading factor of 2, channel coding rate of R=0.1852 is applied, regardless of number of UL multiplexed UEs.  The number of multiplexed UEs range from 1 up to 30. 
For the payload size of 20 bytes, spectral efficiency is very low such that 1 UE transmission of LSSA corresponds to bits/RE of 0.1852.  As shown in figure 3, a significant performance gain of LSSA over OFDMA is observed.  In the SNR at Rx case, about -0.5dB SNR is required to achieve the target 10% BLER for 6 UEs multiplexing with OFDMA, whereas the required SNR is about -2.3dB for 6 UEs multiplexing with LSSA. In addition, total spectra efficiency as much as 5 times over the OFDMA baseline can be achieved if the extra 10dB of SNR is provided for LSSA.  It is also worth mentioning that near single user BLER performance is achieved even for 24 UE multiplexing case, and the performance gap between single UE vs multiplexed UEs is nearly disappears if the target BLER is set to 1%.  
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Figure 3 BLER results of OFDMA and LSSA with payload size of 20 bytes
For 40 bytes payload OMA, 16-QAM modulation and coding rate of 0.56 is applied.  For 40 bytes payload LSSA, bit-level spreading factor of 2, channel coding rate of R=0.3704, QPSK modulation is applied.  As the payload doubles to 40 bytes, multiplexing capability of LSSA reduces, but fairly high multiplexing capability (12 users at target BLER 10%) while maintaining comparable 6 UE multiplexing of OMA BLER performance is observed.
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Figure 4 BLER results of OFDMA and LSSA with payload size of 40 bytes

Following figure 5 show BLER curves of 60 bytes payload size case.  For OMA, 64-QAM modulation and LDPC channel coding rate of R=0.56 is applied.  This corresponds to bits/REs of 3.3333.  For LSSA, QPSK modulation, bit-level spreading factor of 1 and channel coding rate of R=0.2778 is applied.  This corresponds to per UE bits/RE of 0.5555.  Even for high payload size LSSA maintain a reasonably superior UE multiplexing capacity to OMA scheme.  Approximately 50% increase in multiplexing capacity is observed for LSSA over OFDMA at 10% target BLER.  The single user UL transmission performance at 10% BLER is not achieved for 6 UE multiplexing case but a slightly higher required SNR (about 0.5dB) is observed.  
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Figure 5 BLER results of OFDMA and LSSA with payload size of 60 bytes

4.2. URLLC scenario 
Following figures 6, 7, and 8 show BLER curves with total of 432 available REs for URLLC scenario.  The number of REs are derived from the condition that 1 OFDM symbol out of 4 is allocated for DMRS.  Thus, 3 OFDM symbols with 12 PRB bandwidth can be used for data transmission.  
For 20 bytes payload OMA, QPSK modulation and LDPC channel coding rate of R=0.56 is chosen to get a reliable performance (thus, 144 REs per UE). Since 4 PRB is allocated for 1 UE, a total of 3 UEs can be multiplexed for OMA scheme.  For 20 bytes payload LSSA, bit-level spreading factor of 2, channel coding rate of R=0.3704, and QPSK modulation is applied, regardless of number of UL multiplexed UEs.  The number of multiplexed UEs range from 1 up to 12.  For the payload size of 20 bytes, spectral efficiency is relatively low such that 1 UE transmission of LSSA corresponds to bits/RE of 0.3704.  For 3 UE multiplexing case, the performance gap between LSSA and OMA is observable but not significant.  About 1dB gain is observed at the target 0.1% BLER.  If ample SNR is available, significantly increase multiplexing capacity (as much as 4 times) can be supported, whereas the OMA scheme needs more bandwidth to match up that of LSSA’s.
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Figure 6 BLER results of OFDMA and LSSA with payload size of 20 bytes: # of HARQ transmission 1
Following figure 7 show BLER curves of 40 bytes payload size with total of 432 available REs.  For OMA, 16-QAM modulation and LDPC channel coding rate of R=0.56 is applied.  Compared to the 20 byte case, significant performance gain of LSSA over OFDMA is observed when payload size is increased.  LSSA can  pack 1 more UE while satisfying target BLER of 0.1%, as shown in BLER vs SNR at Rx in the figure 7.  For 3 UE multiplexing case with LSSA, SNR gain about 5dB is observed.
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Figure 7 BLER results of OFDMA and LSSA with payload size of 40 bytes: # of HARQ transmission 1

Following figure 8 show BLER curves of 60 bytes payload size with total of 864 available REs.  For OMA, QPSK modulation and LDPC channel coding rate of R=0.56 is chosen.  For LSSA, bit-level spreading factor of 1, coding rate of R=0.3704, and symbol spreading factor of 3 is applied.  The maximum spectral efficiency and sum throughput of both schemes are the same, but LSSA can be operated in a lower SNR region.
[image: ][image: ]
Figure 8 BLER results of OFDMA and LSSA with payload size of 60 bytes: # of HARQ transmission 1


4.3. eMBB scenario 
Following figures 9, 10, and 12 show BLER curves with total of 1728 available REs for eMBB scenario.  The number of REs are derived from the condition that 2 OFDM symbol out of 14 is allocated for DMRS.  Thus, 12 OFDM symbols with 12 PRB bandwidth can be used for data transmission.  
LLS results for eMMB scenario are generally similar to mMTC case.  Single UE performance of LSSA for OMA equivalent total spectral efficiency is generally achievable for relatively low payload size, but it is not observed for larger payload size cases.  Except for 120 byte case, QPSK and bit-level spreading factor of 2 are applied.  LDPC channel coding rate for 40, 80, and 120 bytes are R=0.1804, R=0.3704, and R=0.3704, respectively.  Following figure 9 show sBLER curves of 40 bytes payload size with total of 1782 available REs..
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Figure 9 BLER results of OFDMA and LSSA with payload size of 40 bytes

Following figure 10 shows BLER curves of 80 bytes payload size with total of 1782 available REs..
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Figure 10 BLER results of OFDMA and LSSA with payload size of 80 bytes

Following figure 11 show BLER curves of 120 bytes payload size with total of 1728 available REs.  
[image: ] [image: ]
Figure 11 BLER results of OFDMA and LSSA with payload size of 120 bytes

Observation 1: In all deployment scenarios, LSSA non-orthogonal multiple access with OFDM transmission generally shows significant gain over orthogonal multiple access scheme.  BLER performance of LSSA is affected by overall channel coding rate and spreading factor, and, thus, best BLER and sum throughput performance can be expected for the low per UE SE settings. 

5. Conclusion
In this contribution, uplink NOMA LLS results are presented, and following is our proposal: 
Observation 1: In all deployment scenarios, LSSA non-orthogonal multiple access with OFDM transmission generally shows significant gain over orthogonal multiple access scheme.  BLER performance of LSSA is affected by overall channel coding rate and spreading factor, and, thus, best BLER and sum throughput performance can be expected for the low per UE SE settings. 
Proposal 1: LSSA scheme can be considered as a candidate for non-orthogonal multiple access scheme, supporting massive connectivity, high throughput, high reliability, and low complexity design.
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LSSA 1 user (per UE bits/RE:1.1111, total bits/RE: 1.1111)

LSSA 3 users (per UE bits/RE:1.1111, total bits/RE: 3.3333)
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eMBB, 12 PRBs, total 1728 REs, TDL-A, 1Tx 4Rx, 40 bytes

OFDMA QPSK,R=0.56, 6 users (per UE bits/RE:1.1111, total bits/RE: 1.1111)

LSSA 1 user (per UE bits/RE:0.1852, total bits/RE: 0.1852)

LSSA 6 users (per UE bits/RE:0.1852, total bits/RE: 1.1111)

LSSA 12 users (per UE bits/RE:0.1852, total bits/RE: 2.2222)

LSSA 18 users (per UE bits/RE:0.1852, total bits/RE: 3.3333)

LSSA 24 users (per UE bits/RE:0.1852, total bits/RE: 4.4444)

LSSA 30 users (per UE bits/RE:0.1852, total bits/RE: 5.5555)
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eMBB, 12 PRBs, total 1728 REs, TDL-A, 1Tx 4Rx, 40 bytes

OFDMA QPSK,R=0.56, 6 users (per UE bits/RE:1.1, total bits/RE: 1.1)

LSSA 1 user (per UE bits/RE:0.1852, total bits/RE: 0.1852)

LSSA 6 users (per UE bits/RE:0.1852, total bits/RE: 1.1111)

LSSA 12 users (per UE bits/RE:0.1852, total bits/RE: 2.2222)

LSSA 18 users (per UE bits/RE:0.1852, total bits/RE: 3.3333)

LSSA 24 users (per UE bits/RE:0.1852, total bits/RE: 4.4444)

LSSA 30 users (per UE bits/RE:0.1852, total bits/RE: 5.5555)


image17.emf
-10 -8 -6 -4 -2 0 2

per UE SNR [dB]

10

-3

10

-2

10

-1

10

0

B

L

E

R

eMBB, 12 PRBs, total 1728 REs, TDL-A, 1Tx 4Rx, 80 bytes

OFDMA 16QAM,R=0.56, 6 users (per UE bits/RE:2.2222, total bits/RE: 2.2222)

LSSA 1 user (per UE bits/RE:0.3704, total bits/RE: 0.3704)

LSSA 6 users (per UE bits/RE:0.3704, total bits/RE: 2.2222)

LSSA 10 users (per UE bits/RE:0.3704, total bits/RE: 3.7037)

LSSA 12 users (per UE bits/RE:0.3704, total bits/RE: 4.4444)
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eMBB, 12 PRBs, total 1728 REs, TDL-A, 1Tx 4Rx, 80 bytes

OFDMA 16QAM,R=0.56, 6 users (per UE bits/RE:2.2, total bits/RE: 2.2)

LSSA 1 user (per UE bits/RE:0.3704, total bits/RE: 0.3704)

LSSA 6 users (per UE bits/RE:0.3704, total bits/RE: 2.2222)

LSSA 10 users (per UE bits/RE:0.3704, total bits/RE: 3.7037)

LSSA 12 users (per UE bits/RE:0.3704, total bits/RE: 4.4444)
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eMBB, 12 PRBs, total 1728 REs, TDL-A, 1Tx 4Rx, 120 bytes

OFDMA 64QAM,R=0.56, 6 users (per UE bits/RE:3.3333, total bits/RE: 3.3333)

LSSA 1 user (per UE bits/RE:0.5555, total bits/RE: 0.5555)

LSSA 6 users (per UE bits/RE:0.5555, total bits/RE: 3.3333)

LSSA 8 users (per UE bits/RE:0.5555, total bits/RE: 4.4444)

LSSA 9 users (per UE bits/RE:0.5555, total bits/RE: 5.0000)

LSSA 10 users (per UE bits/RE:0.5555, total bits/RE: 5.5555)
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eMBB, 12 PRBs, total 1728 REs, TDL-A, 1Tx 4Rx, 120 bytes

OFDMA 64QAM,R=0.56, 6 users (per UE bits/RE:3.3, total bits/RE: 3.3)

LSSA 1 user (per UE bits/RE:0.5555, total bits/RE: 0.5555)

LSSA 6 users (per UE bits/RE:0.5555, total bits/RE: 3.3333)

LSSA 8 users (per UE bits/RE:0.5555, total bits/RE: 4.4444)

LSSA 9 users (per UE bits/RE:0.5555, total bits/RE: 5.0000)

LSSA 10 users (per UE bits/RE:0.5555, total bits/RE: 5.5555)
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