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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction  
In RAN1 meeting#93, the following agreement about MA signatures was achieved[1]：
Agreements:
· Transmitter side data processing for NOMA can be based on one or more of the following aspects
· UE -specific bit-level scrambling
· UE -specific bit-level interleaving
· UE -specific symbol-level spreading
· Can be with NR legacy modulation or modified modulation
· UE -specific symbol-level scrambling 
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE -specific power assignment
· UE-specific sparse RE mapping
· Cell-specific MA signature 
· Multi-branch/MA signature transmission (irrespective of rank) per UE

The detailed objectives of SI for NOMA include transmission side signal processing, receivers for NOMA, procedures related to NOMA, and LLS and SLS performance evaluation. In this contribution, we give our viewpoints on the evaluation methodology for NOMA and performance evaluation results about NOMA are provided.  
2. Legacy MU-MIMO based NOMA
There are 16 NOMA schemes presented by respective proponents so far, and the Tx chain for NOMA is a combination of various MA signatures. NOMA with legacy Tx modules inheriting from Rel.15 is similar to uplink virtual MU-MIMO (MU-MIMO for short), so the legacy MU-MIMO can be seen as one NOMA scheme. For MU-MIMO or NOMA with special MA signatures, traditional MMSE-IRC receiver can be used with low complexity. To further enhance the performance, MMSE-SIC receiver can be adopted at cost of increased receiver complexity. 
For evaluations, NOMA schemes with new designed MA signatures or Tx modules will be evaluated with advanced receivers. Meanwhile, the complexity of advanced receivers needs to be verified as well. In addition, NOMA schemes with legacy MA signatures or Tx modules could be useful in some cases considering transceiver complexity and backward compatibility, e.g. advance receivers are not available at gNB. Therefore, we suggest that NOMA with legacy MA signatures or Tx modules should be included as cases for evaluations where either traditional MMSE-IRC receiver or MMSE-SIC receiver can be adopted.

Proposal 1:  NOMA with legacy MA signatures or Tx modules should be included as cases for evaluations where either traditional MMSE-IRC receiver or MMSE-SIC receiver can be adopted. 
3. Evaluation methodology
1. Pool-based evaluation
The main goal of NOMA is to increase the number of terminal connections in the cell, where grant-based scheduling will bring huge overhead of PDCCH. One solution is that the network in advance configures a signaling pool that consists of bandwidth allocation, modulation, MA signatures, etc.  A group of the users transmits data based on the pool that avoids allocating each user a dedicated scheduling signaling. This method is called pool-based scheme.
Although pool-based can reduce signaling overhead, but collisions between MA signatures inevitably occur when each user randomly chooses resources in fixed pool, for instance, several users use the same MA signature at the same time. Considering that many NOMA schemes mainly depend on the low correlation of wireless channels between users and extra low correlation between MA signatures to reduce the mutual interference each other on the receiving side, once MA collides, the capacity of interference suppression will deteriorate due to the  correlation rising. 
Some simulation cases about random allocation of MA signatures for fixed number of NOMA users have listed in agreement of last meeting. In real pool-based scenarios, the packets of user arrival according to a certain probability, such as Poisson distribution, but which is not considered in current agreement.
There are two kinds of option to further evaluate pool-based scenario.
· Option 1: For link simulation, besides random MA allocation, the packets of user arrival per slot according to Poisson distribution model.
· Option 2. A Poisson distribution model can be established with maximum number of users (e.g. maximum 12), and emulate the arriving probability of NOMA users being 1, 2, 3, and up to 12, respectively. The performance in pool-based scenarios is obtained with weighting the simulation results of MA with random allocation under the fixed number of NOMA users by arriving probability of corresponding users.
Proposal 2:  Pool-based random MA signature should be evaluated in LLS with non-full buffer traffic model. 

2. Asynchronization evaluation
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]When NOMA users send small packets without lower delay requirements, the traditional 4-step RACH method will bring overhead of resource and signaling. Two-step RACH can reduce the overhead, but the uplink sync is no longer guaranteed because of abandoning signaling of TA. Therefore, the async problem in NOMA scenario needs consider in LLS. 
Although preambles can play the function of timing, it still cannot solve the problem of relative timing offset between NOMA users, e.g users near the base station and users at the cell edge transmit simultaneously, now the range of the asynchronization is related to the cell radius. When the timing offset between users and the multipath delay fall within CP, the base station reasonably sets OFDM symbols window according to one target user's timing position, which does not cause signals loss of other users, traditional MMSE-IRC and MMSE-SIC receivers can still work. However, when the asynchronous range exceeds CP (such as mMTC wide coverage scenario), the MMSE-SIC receiver by reconstructing frequency domain signal is no longer applicable. Further research is needed on other advanced receivers, such as reconstructing the user’s transmitted signal in time-domain when the CRC of user is correct, and removing the interference in the time-domain according to the relative delay estimated by preamble.
Proposal 3: The effect of asynchronous performance on NOMA should be also be evaluated for different Tx schemes. 
· The performance of asynchronous transmission should be further evaluated in LLS together with pool-based resource allocation and random MA selection.
· Performance of different NOMA schemes under asynchronous scenarios is one of the metric to down-select schemes.

3. Receiver complexity evaluation
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In order to improve the NOMA performance especially in heavier overloading, the receiver chain often introduce detection modules that are most complex, where multiple iterations with decoding and signal reconstruction bring the complexity and processing delay. It bring a great challenge to the engineering application.
The legacy detection in base station is MMSE-IRC w/o SIC. No matter any NOMA schemes, we should support the legacy receiver. For low code rate packets, the performance of legacy receiver is not significantly worse than other advanced detection perform, e.g MMSE-SIC. Respective proponents should give a detailed description of the receiver processing in contribution, such as which architecture of the receiver adopted, the number of iterations, the multiplicative and additive quantity and so on. 
Proposal 4: Performance of different Tx schemes are compared with similar receiver complexity. 
· For the purpose of drawing conclusions for the SI, performance of those receivers that are more implementation-friendly should be prioritized.

4. [bookmark: OLE_LINK2]Performance evaluation results
In our simulation, eMBB scenario was selected from numerous simulation cases to reduce workload of simulation, although other scenarios (mMTC, URLLC) are also important. More information of LLS assumptions and parameters, please see Appendix. 
4.1.  Introduction of transceiver
· Transmitter
We assume constant TB size, fixed number of multi-users, and localized allocation for the evaluation of MU-MIMO. For each UE, all REs in the allocated bandwidth without special UE-specific RE mapping are occupied for legacy MU. Thus, low code rate for users from MU-MIMO could be achieved, as shown in figure below. 
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                                             Figure1.  Localized allocation of legacy MU-MIMO 
· Receiver
For receiver, MMSE-hard SIC receiver with CW-level serial interference cancellation is assumed in simulation. If CRC check of a user is correct, the received signal can be reconstructed from the decoded bits and utilizing channel knowledge. As a rule, SINR sorting can be performed to accelerate SIC and improve the performance, where SINR calculation is based on formula of MMSE detection, more information in reference [2].
4.2. Performance
[image: ]
Figure2.  MMSE-hard SIC performance of 20 bytes
    [image: ]
Figure3.  MMSE-hard SIC performance of 80 bytes
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Figure4.  MMSE-hard SIC performance of 150 bytes
The table below shows the demodulation threshold @ target BLER=10% for easy comparison.
Table1:  Demodulation threshold @ target Initial BLER=10%
	Localized:12PRB, QPSK
	BLER=10%, SNR(dB)

	
	Multi-users
	OMA
	MU-MIMO

	20bytes
CR=0.0463
	4
	-12.56
	-12.48

	
	8
	-12.56
	-12.37

	
	12
	-12.56
	-12.29

	
	16
	-12.56
	-12.18

	80bytes
CR=0.185
	4
	-6.9
	-6.7

	
	8
	-6.9
	-6.48

	
	12
	-6.9
	-6.13

	150bytes
CR=0.347
	4
	-3.83
	-3.48

	
	8
	-3.83
	-2.53

	
	12
	-3.83
	1.67


5. Conclusion

Proposal 1:  NOMA with legacy MA signatures or Tx modules should be included as cases for evaluations where either traditional MMSE-IRC receiver or MMSE-SIC receiver can be adopted.
Proposal 2:  Pool-based random MA signature should be evaluated in LLS with non-full buffer traffic model. 

[bookmark: _GoBack]Proposal 3: The effect of asynchronous performance on NOMA should be also be evaluated for different Tx schemes.
· The performance of asynchronous transmission should be further evaluated in LLS together with pool-based resource allocation and random MA selection.
· Performance of different NOMA schemes under asynchronous scenarios is one of the metric to down-select schemes.
Proposal 4: Performance of different Tx schemes are compared with similar receiver complexity. 
· For the purpose of drawing conclusions for the SI, performance of those receivers that are more implementation-friendly should be prioritized.
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7. Appendix
Table1:  summarizes LLS assumptions and parameters
	Parameters
	eMBB

	Carrier Frequency 
and Numerology
	4 GHz with SCS = 15 kHz, #OS = 14

	Waveform
	CP-OFDM

	Channel coding
	NR LDPC

	Allocated bandwidth
	12PRBs

	TBS per UE
	[20, 80,150] bytes

	BS antenna configuration
	4Rx for 4 GHz

	Propagation channel & UE velocity
	TDL-A 30ns, 3km/h

	Channel estimation
	Ideal channel estimation and realistic channel estimation

	DMRS overhead
	2/14

	MA signature allocation
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Other cell interference
	Not considered



image4.emf
-5 -4 -3 -2 -1 0 1 2 3 4

SNR

10

-3

10

-2

10

-1

10

0

I

B

L

E

R

TDL-A 4Rx , eMBB 12PRB , CP-OFDM  , BYTE=150 , w/ MMSE-HardSIC

MU=4

MU=8

MU=12

OMA


image2.emf
-14 -13 -12 -11 -10 -9 -8 -7 -6

SNR

10

-3

10

-2

10

-1

10

0

I

B

L

E

R

TDL-A 4Rx , eMBB 12PRB , CP-OFDM  , BYTE=20 , w/ MMSE-HardSIC

MU=4

MU=8

MU=12

MU=16

OMA


image3.emf
-8 -7 -6 -5 -4 -3 -2 -1

SNR

10

-3

10

-2

10

-1

10

0

I

B

L

E

R

TDL-A 4Rx , eMBB 12PRB , CP-OFDM  , BYTE=80 , w/ MMSE-HardSIC

MU=4

MU=8

MU=12

OMA


