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1
Introduction
In this contribution, we give link level and system level evaluation results for NOCA (Non-orthogonal coded access). In link level, we provide NOCA performance for both UL synchronized and asynchronized scenarios. Besides, NOCA PAPR performance is given and compared with that of CP-OFDM. In system level evaluation, we provide the simulation results for NOCA with configured grant.
The NOCA transmitter side and receiver side processing are proposed in our companion contributions [1][2]. The procedure of using NOCA for configured grant is analyzed in another companion contribution [3]. 
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NOCA link level evaluation
The link level assumptions are shown in the Appendix I, which are basically aligned with RAN1 agreed link simulation assumptions for NOMA. NOCA with SF=6 and SF=12 are evaluated, and the results shown in Figure 1 and Figure 2, respectively. The spreading sequences for each spreading factor are shown in Appendix II. 
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Figure 1 NOCA SF=6 performance in TDL-A and TDL-C channel
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Figure 2 NOCA SF=12 performance in TDL-A and TDL-C channel
From Figure 1 and Figure 2, it could be observed that for both spreading factors, NOCA with higher overloading can provide performance even close to low spreading. As seen from the figures, for real channel estimation, NOCA with 150% overloading has less than 1dB performance loss than that with 100% overloading for 10% BLER. 
From the figures it can also be observed that NOCA with SF=6 degrades less for real channel estimation cases than that with SF=12. On the other hand, high spreading factors could have more spreading gain from analysis. As was proposed in the companion contribution [3], we suggest evaluating scalable spreading factors for spreading based scheme, to find the appropriate ones for each possible case. 
Observation 1: NOCA support high overloading with acceptable performance loss.

Figure 3 shows the performance of NOCA with asynchronized UL. Here we evaluated the cases with the time offsets between UEs being within 1CP, 2CP and 3CPs. Each UE selects a time offset randomly for each case. As shown in the figure, compared to ideal UL synchronization, there is almost no performance degradation for the UL time offset with 1CP. The link level performance is degraded ~0.5 dB and ~2dB at BELE =10% for the time offsets within 2CP and with 3CP respectively. It should be noted that here ideal channel estimation is used in the evaluation. When real channel estimation is used, the performance loss for asynchronized cases will be expected to be degraded more.  
Observation 2: NOCA shows similar performance for UL cinchonized with the asynchronized case for the time offset within one CP. For the time offset with two CP case, NOCA shows acceptable performance loss. 
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Figure 3 Link level performance of NOCA with unideal UL synchronization
Figure 4 shows NOMA PAPR performance. If using same spreading sequence, there is noticeable higher PAPR for NOCA than that for CP-OFDM. But, when per-symbol different spreading sequence is used, the PAPR performance gets much better and is similar with CP-OFDM PAPR performance.   
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Figrue 4 NOCA PAPR performance
Observation 3: NOCA with per-symbol different spreading sequence achieves similar PAPR performance with CP-OFDM
3

NOCA system level evaluation
In the system level simulation, grant-free transmission is simulated. Three schemes are compared,  

-
Scheme 1: NOCA transmission with spreading factor 6. MMSE IRC+SIC receiver is used. 

-
Scheme 2: OMA transmission, MMSE IRC receiver.

-
Scheme 3: OMA transmission, MMSE IRC+SIC receiver is used. 

For these schemes, UE is configured with same MCS, and is allocated with same number of PRBs. For NOCA transmission, each UE always occupy the whole resources for transmission, while for OMA, the UE will randomly select one PRB out of the allocated PRBs. As a result, the number of bits (TBS) that are transmitted in each slot is same for all three schemes. Depending on incoming packet size, the packet might be divided to be multiple transport blocks, each of which is transmitted in one slot. These TBs are transmitted consecutively in time domain. 

The simulation assumptions are listed in Appendix I. The PHY abstraction method follows the model that was agreed in Rel.14 NOMA study [4].
Figure 5 shows system level simulation results of the three schemes. The PRB usage ratio over simulation bandwidth is reported also in Figure 6 for each scheme.  

From Figure 5, it is observed that the schemes with SIC receiver shows good gain over basic MMSE-IRC receiver without SIC. The gain is increased when PAR is increased because high PAR means more collision between packets and SIC receiver helps cancellate the interference from the UEs that produce collision. 

If both NOCA and OMA are with SIC receiver, NOCA shows smaller PDR in observed range. When PAR increased, the gain becomes smaller. With lower PAR, NOCA takes the advantage of spreading i.e. the lower effective coding rate (with spreading). When PAR increased, we can see that the PRB usage ratio of NOCA increases quickly, which means overall interference level increases quickly. As a result, with higher PAR, the NOMA gain becomes smaller. 
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Figure 5 Packet loss rate vs. packet arrival rate
 We have the follow observations from the initial simulation,

Observation 4: Grant-free using NOCA provides noticeable gain over OMA without SIC.

Observation 5: Grant-free using NOCA could provide some gain over OMA with SIC, mostly in lower PAR cases.

From Figure 6, we can also find the RU with SIC receiver is less especially with higher PAR. It is because with advance receiver, the number of retransmission is reduced much.
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Figure 6 PRB usage ratio vs. packet arrival rate
4
Conclusions
In this contribution, we provide initial link level evaluations for NOCA. We have the following observations. 
Observation 1: NOCA support high overloading with acceptable performance loss.

Observation 2: NOCA shows similar performance for UL synchronized with the asynchronized case for the time offset within one CP. For the time offset with two CP case, NOCA shows acceptable performance loss. 
Observation 3: NOCA with per-symbol different spreading sequence achieves similar PAPR performance with CP-OFDM.
Observation 4: Grant-free using NOCA provides noticeable gain over OMA without SIC.

Observation 5: Grant-free using NOCA could provide some gain over OMA with SIC, mostly in lower PAR cases.
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Appendix I Link level simulation assumptions
	Parameters
	Assumption

	Carrier Frequency
	4 GHz

	Waveform 

(data part)
	CP-OFDM 

	Channel coding
	LDPC

	Numerology 

(data part)
	SCS = 15 kHz

#OS = 14

	Allocated bandwidth
	12 

	TBS per UE
	20bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	12

	BS antenna configuration
	4Rx

	UE antenna configuration
	1Tx

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

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal, real

	MA signature allocation (for data and DMRS)
	Random select MA, fixed DRMS

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	Receiver algorithm
	JMMSE+PIC


Appendix II NOCA spreading sequences
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Appendix III system level simulation assumptions

[image: image9.emf]Parameters Value

Layout  Single layer - Macro layer: Hex. Grid

Inter-BS distance  1732m 

Carrier frequency  700Hz 

Simulation bandwidth  6PRBs

No of UE per Cell 20

Channel model  UMa based on 38.901

Tx power  UE: Max 23dBm

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

BS antenna tilt  96

BS antenna radiation pattern  Follow the modeling of TR38.901

BS antenna height  25m

BS antenna element gain + connector loss  8 dBi, including 3dB cable loss 

BS receiver noise figure  5 dB 

UE antenna elements  1Tx

UE antenna height  Follow the modeling of TR38.901

UE antenna gain  0dBi 

20% of users are outdoors (3km/h)

80% of users are indoor (3km/h) 

Users dropped uniformly in entire cell 

UE Power control OLPC, P0=-110, α=1.0

HARQ/Repeatation Back-off, max 6, no repeatation

Channel estimation Ideal

BS receiver  MMSE-IRC + SIC

Packet dropping criterion maximum 7 transmissions

Traffic model  FTP model 3

Packet size

20~200 bytes Pareto + higher layer protocol overhead of

[29] bytes, as defined in TR 45.820

Link adaptaion N/A

MCS QPSK_1to2

UE distribution 
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