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1. Introduction
In RAN #75 meeting, the new SID on 5G Non-orthogonal Multiple Access (NoMA) was approved [1]. In the  new SID, NoMA is suggested as an generic scheme that can be applied to both grant-based and grant-free transmission and may encompass a variety of use cases or deployment scenarios, including eMBB, URLLC, mMTC, etc. The NoMA related procedure should be designed for different identified targeting scenarios.  On top of  the problems, one key issue is how many users could access the network, which would have great impacts on system design, including DMRS pattern, and spreading factor etc.  In RAN1 #94 meeting [2], the following agreement is achieved,

  Agreements:

· Further study how many NOMA UEs can be multiplexed in the same PRBs in practical multi-cell deployments by system-level evaluations, taking inter-cell interference and per UE performance into account
In this work, we try to present some observations on the number of admissible users in NoMA through link simulation results, at which the number of admissible users is defined as the maximal connection number with a target BLER requirement, e.g., 10%. Note that SCMA is used as the NoMA scheme without losing generality, and the related simulation assumptions are presented in the Appendix.
2. Observations on the number of admissible users
The number of admissible users may relates to multiple parameters, such as the PRB number, TBS, the antenna number and the channel condition etc. For the purpose of analysis, we present 3 simulations cases, as presented in Table 1, to get some observations.

Table 1 Simulation cases

	
	Simulation Parameters
	Objectives

	Case 1
	Same SE (spectrum efficiency) configuration, 
e.g., 10 Bytes @ 3 PRBs, 20 Bytes @6PRBs
	Whether same/similar performance achieved for same SE configurations

	Case 2
	OMA vs NoMA

e.g., 8/10/12 users with 20 Bytes@3RBs,  
v.s. 16/20/24 users with 20 Bytes@6PRBs  
	NoMA is expected to have better perf. but not sure it is correct for all the cases,  e.g., for large TBS or large user number.

	Case 3
	Admissible user # for different TBSs

e.g., 10 Bytes, 20 Bytes, 40 Bytes@6PRBs
	Maximally user number for different TBSs with target BLER=10%. 


2.1 Simulation Case 1

In Fig.1, same spectrum efficiency (TBS/#PRB) is configured and the BLER curves are presented. It shows that 20 Bytes@6PRBs has much better performance than 10 Bytes@3PRBs. The performance gap mainly comes from the difference of code rate caused by the CRC attachment. Then, Fig.2 presents the BLER performance with same code rate configuration, at which [TBS+CRC]/#PRB is set as same. We see that  20 Bytes@6PRBs has slightly better performance than  9.xBytes@3PRBs. This gain probably comes from the coding gain with larger code size. 
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Fig.1 BLER performance for same SE configuration [TBS/#PRB]
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Fig.2 BLER performance for same code rate configuration [(TBS+CRC)/#PRB]
Observation 1： For same SE configuration in NoMA, smaller TBS has worse BLER performance due to the CRC overhead. For same code rate configuration in NoMA, smaller TBS has slightly worse BLER performance probably due to the worse coding performance with  smaller code size.
2.2 Simulation Case 2
In this subsection, we try to understand if NoMA has better performance compared with OMA for all the cases,  e.g., for large TBS or large user number. Fig.3 gives the performance curves for 8/10/12 NoMA users with 20 Bytes@3RBs (equivalent to 16/20/24 users with 20Bytes@6PRBs), and 16/20/24 NoMA users with 20Bytes@6PRBs.  From the simulation results, we see that NoMA has much better performance than OMA. That is, it has the necessity for supporting more users (>12) multiplexing on the same time-frequency resource. 
It is understood that the performance of NoMA depends on the multi-user interference and the interference handling capability of the receiver, while the performance of OMA depends on the code rate which reduces by half. Generally, the performance loss caused by multi-user interference is smaller than the performance loss caused by half the reduction of PRBs. And we see that as the number of NoMA users becomes larger, the performance gap becomes smaller. It shows that there is only 5dB coverage loss for 24 NoMA users with 20Bytes@6PRBs in the next subsection (i.e., the multi-user interference is bearable),  and thus much gain of NoMA can be observed. Note that the gain is at the expense of receiver complexity.
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Fig.3 BLER performance comparison between NoMA v.s. OMA 
Observation 2: It provides better performance for  a number of users(>12) multiplexing on the same resources compared with half of the  users multiplexing on half of the resources. 
2.3 Simulation Case 3

Fig. 4 shows the curves of maximal connection number v.s. SNR for different TBSs [10 Bytes, 20 Bytes & 40 Bytes], where the target BLER for each user is set as 10%.  We see that at least 24 users can be supported for TBS as 10 Bytes@6PRBs, and nearly no coverage performance loss is seen. It also shows that the NoMA system could support 24 uses when TBS is set as 20 Bytes@6PRBs, but some coverage loss [<5dB] can be seen for large user number. Specifically, when the number of admissible users is smaller than 12, the required SNR (@target BELR=10%) nearly does not change, but when the user number is larger than 12, the required SNR (@target BELR=10%) increases greatly. While for the case with TBS as 40 Bytes@6PRBs,  it requires very high SNR [>15dB] for supporting so many users. Also, receiver with higher complexity [EPA-SIC] is expected, as we see that the decoding procedure does not converge with EPA receiver. Combined with the observation 1, we get that if the code rate is identified, the admissible UE number and related SNR requirement could be determined.  And if BS gets the SNR for each user, a preconfigured code rate (or SE) and related DMRS pattern (corresponding to maximal connection number) could be decided.
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Fig.4 Admissible user number for different TBSs
Further, we get that 24 users can be supported at least for 10 Bytes@6PRBs, 20Bytes@6PRBs. Based on Observation 2, we propose that DMRS pattern be enhanced for supporting 24 users from link level perspective. From the simulation, we also see that more user may be supported for very small TBS e.g., 10 Bytes@6PRBs. But we understand that the probability of multiplexing so large user number would be low (depending on the system level simulations). In addition, the use cases with so small TBS [10 Bytes] is not clear, and it has relatively worse performance from  observation 1. It seems 24 that users could satisfy the system requirements.

Observation 3:. 10 Bytes@6PRBs has nearly no coverage performance loss for up to 24 connection number; 20 Bytes@6PRBs has some coverage loss [<5dB] especially for large user number (>12); 40 Bytes@6PRBs has much coverage loss with user number.
Propose 1: Additional orthogonal DMRS pattern for NoMA needs to be designed for supporting 24 users.
3. Conclusions
In this contribution, we have the observations and proposal as follows.
Observation 1： For same SE configuration in NoMA, smaller TBS has worse BLER performance due to the CRC overhead. For same code rate configuration in NoMA, smaller TBS has slightly worse BLER performance probably due to the worse coding performance with  smaller code size.

Observation 2: It provides better performance for a number of users(>12) multiplexing on the same resources compared with half of users multiplexing on half of the resources.  
Observation 3:. 10 Bytes@6PRBs has nearly no coverage performance loss for up to 24 connection number; 20 Bytes@6PRBs has some coverage loss [<5dB] especially for large user number (>12); 40 Bytes@6PRBs has much coverage loss with user number.
Propose 1: Additional orthogonal DMRS pattern for NoMA needs to be designed for supporting 24 users.
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Appendix: LLS parameters
Table A1: LLS Evaluation Assumptions 
	Parameters
	Assumptions

	Carrier Frequency
	700MHz

	Waveform
	CP-OFDM

	Channel coding
	LDPC

	Numerology
	SCS = 15 kHz, #OS = 14 with 2 Ctrl Symbol

	Allocated bandwidth
	3PRB/6 PRBs

	Spreading factor
	6

	Modulation 
	8p

	TBS per UE
	 [10, 20, 40]Bytes

	Target BLER for one transmission
	10%

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	AWGN, TDL-C 300ns, 3km/h,

	Max number of HARQ transmission
	1 as starting point.

	Receiver
	EPA, EPA-SIC


