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1. Introduction
In RAN1 #94 meeting [1], 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 [2], we presented 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 as 10%.  In this work, we try to understand the number of the multiplexing users on the same PRBs from system level perspective. Further, performance comparison between non-orthogonal scheme with symbol-domain spreading and  LCRS (already supported in Rel-15) is presented.
2. Observations on the number of admissible users from link level perspective
The number of admissible users may relates to multiple parameters, such as the PRB number, TBS, the antenna number and the channel condition etc. Note that SCMA is used as the candidate scheme for evaluation. Fig. 1 shows the curves of maximal connection number v.s. SNR for different TBSs [10 Bytes, 20 Bytes, 40 Bytes, 60 Bytes], where the target BLER for each user is set as 10%.  
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Fig.1 Admissible user number for different TBSs
For the case with TBS as 40 Bytes@6PRBs & 60 Bytes@6PRBs, it requires high SNR for supporting more than 12 users, and it has much coverage loss as the user number increases.  Note that EPA-SIC is used for TBS=40 bytes & TBS=60 bytes as the decoding procedure does not converge with EPA receiver. While for the case with smaller TBS [10 Bytes & 20 Bytes], up to 24 users multiplexed on the same PRBs can be supported. The use cases of 10bytes or 20bytes TBS needs to be discussed further as the smallest packet in NB-IOT is 49 Bytes (20 Bytes + 29 Bytes header) . 

Observation 1:. From link level perspective with assumed simulation parameters, it supports up to 24 users for 10 Bytes@6PRBs and 20 Bytes@6PRBs; It supports up to 16 users for 40 Bytes@6PRBs; It supports up to 12 users for 60 Bytes@6PRBs.
3. Observations on the number of admissible users from System level perspective
In this subsection, we try to understand the number of admissible users in NOMA from system level perspective. The number of concurrently transmitting UEs per transmission duration depends on  the UE traffic model (e.g. Poisson distribution with a certain PAR), the HARQ retransmissions, TBS size after segmenting the higher layer packets, SNRs of allocated users etc [3]. In our work, the grant-free configuration is assumed and repetition is set to be 1, i.e. no repetition. The SNRs of all UEs (40 users) in one pre-configuration are larger than the demodulated threshold (target BLER as 10%), which actually depends on the number of multiplexed users. The more the multiplexed users is, the higher the demodulated threshold becomes. Here, the number of multiplexed UEs for the demodulation threshold is set as 4 (as it has similar performance with 1, 2, and 3 users). Also note that no multi-cell interference and no MA collision are considered in this simulation. That is, the number of practical multiplexed users is expected to be smaller than the value from the simulations. Other assumptions are presented in the Appendix B.
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Fig.2 PDF of admissible user number for TBS [60Bytes]
Fig. 2 shows an example of the PDF of multiplexed UEs per transmission duration at 1% system PDR for the mMTC scenario. The TBS is 60 bytes and higher layer packets larger than 60 bytes are segmented accordingly. With our assumptions, 95% percentile of the number of admissible UEs is smaller than 10 users (the occasion with no data transmission is not included in the computation).  

Observation 2: From system level perspective with assumed simulation parameters, 95% of the number of multiplexed UEs on the same PRBs is smaller than 10 users.
4. Performance comparison with LCRS
In this subsection, the LLS performances between LCRS and SCMA are compared in Fig.3. Note that LCRS utilizes the same transmitter processing as Rel-15 NR PUSCH including channel encoding, rate matching, bit-level scrambling and then modulator. And the bit-level scrambling defined in TS 38.211 [4] can be configured in a UE-specific manner. So LCRS can be considered as a MU-MIMO scheme and should be the baseline for OMA and NOMA performance comparison. For fairness, the same receiver type (EPA-SIC) is used for both LCRS and SCMA. And in our simulation, only 1 branch is used by SCMA for case 4 and case 5. In other words, the code rates of LCRS are 0.287 and 0.3565 for case 4 and case 5, respectively. And the code rates of SCMA are 0.5741 and 0.7130 for case4 and case5, respectively. Other simulation assumptions are listed in Appendix A.
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Fig.3 LLS performance comparison between NOMA and MU-MIMO (LCRS)
Observation 3: For case 4 of 6 users, MU-MIMO(LCRS) slightly outperform NOMA . Bubtwith the number of UEs increasing, e.g. case4 of 8users, NOMA shows apparent advantages than MU-MIMO (LCRS),.
Observation 4: For case 5 of 4 users, the performance of NOMA and MU-MIMO (LCRS) is comparable, while  for the case of 6 users, NOMA performs better than MU-MIMO (LCRS).
5. Conclusions
In this contribution, we have the observations and proposal as follows.
Observation 1: From link level perspective with assumed simulation parameters, it supports up to 24 users for 10 Bytes@6PRBs and 20 Bytes@6PRBs; It supports up to 16 users for 40 Bytes@6PRBs; It supports up to 12 users for 60 Bytes@6PRBs.
Observation 2: From system level perspective with assumed simulation parameters, 95% of the number of multiplexed UEs on the same PRBs is smaller than 10 users.
Observation 3: For case 4 of 6 users, MU-MIMO(LCRS) outperform NOMA . Bub with the number of UEs increasing, e.g. case4 of 8 users, NOMA shows apparent advantages than MU-MIMO (LCRS),.
Observation 4: For case 5 of 4 users, the performance of NOMA and MU-MIMO (LCRS) is comparable, while for the case of 6 users, NOMA performs better than MU-MIMO (LCRS).  
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Appendix A: LLS parameters
Table A: Link level assumptions 
	Parameters
	Assumptions

	Carrier Frequency
	700MHz

	Waveform
	CP-OFDM

	Channel coding & decoding
	LDPC, Offset Min-Sum

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

	Allocated bandwidth
	3PRB/6 PRBs

	Spreading factor
	6

	Modulation 
	QPSK,8p, HW16QAM

	TBS per UE
	 [10, 20, 40, 60, 75]Bytes

	Target BLER for one transmission
	10%

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	AWGN, TDL-C 300ns, TDL-A 30ns, 3km/h,

	Max number of HARQ transmission
	1 as starting point.

	Receiver
	EPA-SIC


Appendix B: SLS parameters
Table B:System level assumptions 
	Parameters
	mMTC

	Carrier Frequency
	700MHz

	Traffic model
	Packet size: 20~200 bytes Pareto 
+ higher layer protocol overhead of 29 bytes

	Waveform

	CP-OFDM

	Inter-BS distance
	1732m

	Bandwidth per UE
	6PRBs

	Number of UEs per cell
	200 ( up to 40 users for one pre-configuration)

	Channel model
	UMa 

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 Rx 2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1)

	BS antenna height
	25m

	BS antenna element gain
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx 


