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1
Introduction
In this contribution, we give system level evaluation results for NOCA (Non-orthogonal coded access). System level evaluation assumptions are according to agreed NOMA SLS assumptions. The simulation results for NOCA for match with configured grant are provided in this contribution.
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]. 
2

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. 

-
Scheme 2: Baseline, MMSE IRC receiver.

-
Scheme 3: Baseline, MMSE IRC+SIC. 

For these schemes, UE is configured with same MCS, and same number of PRBs is used in the simulation. For NOCA transmission, each UE always occupies the whole allocated resources for transmission, while for the baseline, 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 II. The PHY abstraction method follows the model that was agreed in email discussion.
Figure 1 shows system level simulation results of the three schemes. The PRB usage ratio over simulation bandwidth is reported also in Figure 2 for each scheme. From Figure 1, it is observed that the schemes with SIC receiver (for schme1 and scheme 3) show good gain over basic MMSE-IRC receiver without SIC (scheme 2). The gain is increased when PAR is increased because high PAR means more collision between packets and the SIC receiver helps cancel the interference from the UEs that produce collision. For the comparison of NOCA and the baseline scheme with SIC receiver, NOCA shows some gain in case of low PAR, e.g., in PAR=5packet/s, NOCA achieves ~0.75% PDR while the baseline scheme with SIC has 1% PDR. Also from the figure, if PDR 1% is considered as working point, then we can find PAR supported by NOCA is doubled comparing to the baseline. With the increased PAR, the gain of NOCA becomes much lower. With lower PAR, NOCA takes advantage of spreading (the lower effective coding rate with spreading) and the large sequence pool size which enables lower sequence collision. When PAR increased, it is observed from figure 2 that the PRB usage ratio of NOCA increases more quickly than others, which means the overall interference level for NOCA is much more higher than for the baseline, impacting the performance of channel estimation and the detection. As a result, with higher PAR, the NOMA gain becomes smaller. 
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Figure 1 Packet loss rate vs. packet arrival rate

Comparing scheme 2 and 3 in Figure 2, 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.

[image: image2]
Figure 2 PRB usage ratio vs. packet arrival rate
In Figure 3, we also present the performance of SIC with different channel estimation assumptions. We can find that if with ideal channel estimation, NOCA achieves some gain even in high PAR region. That is to say, if with better channel estimation performance, the performance gain of NOCA might be more promising than the baseline scheme.
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Figure 3 SIC performance with realistic or Ideal channel estimation

We have the follow observations from the simulation,

Observation 1: For mMTC, grant-free using NOCA provides noticeable gain over the baseline scheme without SIC.

Observation 2: For mMTC, grant-free using NOCA could provide some gain over the baseline scheme with SIC at 1%PDR .
It should be noted besides the agreed simulation assumptions, we use the following in the simulation 
· Link adaptation: no link adaptation assumed. Same MCS level (QPSK, ½) is used for all the users, despite the UE channel status. 
· Same power control strategy for NOCA and for the baseline scheme. Open loop power control with P0=-110, alpha=1.0. 
· Interference estimation is ideal.
It is expected that these factors will impact the performance very much. We propose to take these factors into considerations and to align the assumptions between companies in the future simulations. 
Proposal: Further evaluation work is needed by aligning the assumptions of e.g., link adaptation, power control parameters, interference estimation. 
3
Conclusions
In this contribution, we provide initial system level evaluations for NOCA. We have the following observations and proposals, 
Observation 1: For mMTC, grant-free using NOCA provides noticeable gain over the baseline scheme without SIC.

Observation 2: For mMTC, grant-free using NOCA could provide some gain over the baseline scheme with SIC at 1%PDR .
Proposal: Further evaluation work is needed by aligning the assumptions of e.g., link adaptation, power control parameters, interference estimation. 
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Appendix I NOCA spreading sequences
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Appendix II system level simulation assumptions

[image: image6.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  92

BS antenna radiation pattern  Follow the modeling of TR38.901

BS antenna height  25m

BS antenna element gain + connector loss  8 dBi

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 8, no repeatation

Channel estimation Realistic

BS receiver  MMSE-IRC + SIC

Packet dropping criterion maximum 8 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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