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1. Introduction
In RAN1#86 meeting, it was concluded to summarize the preliminary LLS results and SLS results for NR multiple access schemes in RAN1#86bis [1].
After RAN1#86 meeting, some evaluation issues are extensively discussed by emails, including:
· [86-22] Packet size and clarification on target packet drop rate for MA evaluation
· [86-25] Path loss calibration for NR (path loss calibration for 3D UMa at carrier frequency of 700 MHz )
· [86-15] SLS baseline for NR MA
· [86-16] Templates for NR MA
· [86-17] SLS calibration for NR MA
· [86-24] Traffic model for NR
In this contribution, preliminary system level performance for MUSA (Multi-User Shared Access) are evaluated and discussed.
2. Evaluation assumption
2.1. SLS parameters
Table 1 shows the system level simulation (SLS) parameters used in our evaluation, which are consistent with the agreed SLS parameters for UL mMTC scenario in urban coverage for massive connection [2] and/or the conclusions of the above email discussions.
Table 1  System level simulation parameters

	Attributes
	Values or assumptions

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth
	6PRBs

	Number of UEs per cell
	100

	Channel model
	3D UMa

	Tx power
	UE: Max 23dBm

	BS antenna configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height
	25m

	BS antenna tilt
	No Mechanical downtilt; Electrical downtilt, N/A

	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 TR36.873, i.e. multi-floor

	UE antenna gain
	-4dBi

	Traffic model
	Follow the conclusions of email discussions [86-22] and [86-24], as described below

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

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

	
	Users dropped uniformly in entire cell

	UL power control
	Po = -100 dBm, alpha = 1

	BS receiver
	MMSE-SIC for MUSA

	Channel estimation
	Ideal


In email discussion [86-16], considering the coverage requirement of MCL=164 dB for mMTC scenario, some companies have concerns on BS antenna configuration and UE antenna height modelling.
As shown in Table 1, in our simulation, BS antenna configuration with (M,N,P,Mg,Ng) = (1,1,2,1,1) is used, there are 2TXRU and one TXRU maps to one antenna element, and for UE antenna height, the multi-floor model in TR36.873 is used. We think these configurations are reasonable for mMTC scenario evaluation, due to the pathloss distribution shown in Fig.1.
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Fig.1 Pathloss distribution
2.2. Traffic model
According to email discussion [86-22] and [86-24], the traffic models shown in Table 2 are considered for evaluation.
Table 2  Traffic model

	Packet size
	Option 1: Follow TR45.820 [3]

	
	Option 2: Fix 40 Bytes

	
	Companies report the option used, but are encouraged to evaluate both options. Decide on which option(s) is used to draw the conclusion of MA at RAN1#86bis meeting. Companies report details on packet segmentation assumption.

	Packet arrival rate
	Poisson packet arrival for each device, with arrival rate λ

	
	Proponents are encouraged to report:

· What packet arrival rate could be supported to achieve the connection density target, when packet arrival rate is assumed to be larger than what is assumed in TR45.820.
· What connection density can be supported, when packet arrival rate is assumed the same as in TR45.820.


Because of the limited time, the traffic model with fixed packet size of 40 bytes and Poisson arrival rate λ is used in our simulation. The arrival packet is segmented to 2 packets for transmission, the packet size transmitted each time is 20 bytes. Packet dropping timer is set to 1s due to the fixed small packet.
As for target packet drop rate, it is defined to 0.01, and is calculated by: Packet drop rate = (Number of packets in outage) / (number of generated packets), where a packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer”. However, we observe that some packets are not transmitted over when the simulation is done, so we calculate the packet drop rate by: Packet drop rate = (Number of packets in outage) / (number of packets received successfully + number of packets in outage).
2.3. other assumptions
· Grant-free transmission

In our simulation, UEs are classified to three coverage level, i.e. normal coverage level 1 (~60% UEs), extended coverage level 2 (~30% UEs), and extreme coverage level 3 (~10% UEs). For coverage level 2 and 3, repetition is used to improve the coverage performance, i.e. 4 repetitions for coverage level 2, and 8 repetitions for coverage level 3.
For each coverage level, there is a physical resource pool, for example, if 6 PRBs are used for simulation and one PRB is defined to a physical resource, then 3 PRBs could be allocated to coverage level 1, 2 PRBs could be allocated to coverage level 2, 1 PRB could be allocated to coverage level 3. If there are multiple physical resources in a pool, UE could randomly select one for transmission.
With grant-free MUSA scheme [4], UE also randomly select a complex spreading sequence with short length of 4 for transmission, the spreading process is implemented in the time domain. 
To balance the traffic load, secondary orthogonal spreading in combination with repetition could be also considered to group users when the traffic arrival rate is high, and the code could be also randomly selected [4].
So in our simulation for MUSA, UE would transmit a packet in grant-free manner, physical resource and/or spreading sequence collision is taken into account.
· Retransmission

If a packet is not received successfully by base station and the packet dropping timer does not expire, UE would retransmit the packet in grant-free manner with a random backoff time.
· Receiver

MMSE-SIC receiver is used for MUSA, since ideal channel estimation is used currently, if one UE is detected successfully, the interference caused by this UE could be cancelled perfectly. The physical layer abstraction method is described in our companion contribution [5].
3. Evaluation results

Considering the split of UEs in different coverage level, time domain spreading, repetition/secondary orthogonal spreading, and the used simulation bandwidth, physical resource partition is carried out in our simulation, and it may be adjusted when some factors change.

· Without secondary spreading
Fig. 2 shows the performance of average UE packet dropping rate (PDR) vs. packet arrival rate (PAR) for grant-free MUSA. The performance for grant-free OFDMA is also presented for reference and comparison. From the results, we can see that grant-free MUSA can achieve average UE packet dropping rate of 1% at packet arrival rate of 2 packets/ms/sector, which is quite superior to grant-free OFDMA.
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Fig. 2 Average UE PDR vs. PAR for MUSA and OFDMA
Fig. 3 shows the performances of average PDR for different coverage level UE. For grant-free OFDMA, average UE PDR for coverage level 2 and 3 increase rapidly as the PAR increases, due to the weak tolerance to user collision and interference. For grant-fee MUSA, average UE PDR for each coverage level is quite low, when PAR is up to 4 packets/ms/sector. Besides, because the physical resource partition is not balanced for different coverage levels, the coverage level 2 has the lowest user overload and thus the best performance on PDR. Due to the large portion (i.e. 60%) of UEs on coverage level 1, the user overload and the corresponding average UE PDR is comparable to coverage level 3 at a certain high arrival rate.
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Fig. 3 Performances of average PDR for different coverage level UE for OFDMA and MUSA
· With secondary spreading
Fig. 4 shows the performance of average UE PDR vs. PAR for grant-free MUSA with secondary spreading. From the results, we can see that the supported packet arrival rate is improved significantly, because secondary random orthogonal spreading in combination with repetition for coverage level 2 and 3 could group the arrival users to balance the traffic load and interference, and then physical resource pool partition could be adjusted for each coverage level, which is also benefit to balance the traffic load and interference.
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Fig. 4 Performance of average UE PDR vs. PAR for MUSA wo/wi secondary spreading
Fig. 5 shows the performances of average PDR for different coverage level UE for grant-free MUSA with secondary spreading. Similar to above, for grant-free MUSA, average UE PDR for each coverage level is quite low, when PAR is up to 12 packets/ms/sector. Besides, because the physical resource partition is a little disadvantage to coverage level 1 with large portion (i.e 60%) of UEs, the user overloading is higher than that of coverage level 2 and 3 at a certain high arrival rate.
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Fig. 5 Performance of average PDR for different coverage level UE for grant-free MUSA with secondary spreading
Based on the above simulation results, grant-free MUSA without secondary spreading can achieve average UE packet dropping rate of 1% at packet arrival rate of 2 packets/ms/sector, which is quite superior to grant-free OFDMA; and further, grant-free MUSA with secondary spreading has significantly improved performance due to the ability and flexibility to balance the traffic load and interference.
As for the connection density target of 1000,000 devices/km2 for mMTC scenario, if the traffic model in TR45.820 is considered, the packet arrival rate per sector need to be supported is: 1000000 devices/km2 * 0.866 km2/sector * (0.8 + 0.5 * 0.2) * (0.4/24 + 0.4/2 + 0.15 + 0.05*2) / 3600 /1000 = 0.101 packets/ms. Therefore, grant-free MUSA can easily satisfy the connection density requirement for mMTC scenario.
Observation 1: Grant-free MUSA without secondary spreading can achieve average UE packet dropping rate of 1% at packet arrival rate of 2 packets/ms/sector, which is quite superior to grant-free OFDMA.
Observation 2: Grant-free MUSA with secondary spreading has significantly improved performance due to the ability and flexibility to balance the traffic load and interference.
Observation 3: Grant-free MUSA can easily satisfy the connection density requirement for mMTC scenario.

4. Conclusions

In this contribution, preliminary system level performance for MUSA are evaluated and discussed. Due to the limited time, traffic model with fixed packet size and ideal channel estimation is used currently. However, for grant-free transmission evaluation, the performance for traffic model with variable packet size should be also evaluated, and the impact of realistic channel estimation, realistic user discovery and detection, and other non-ideal factors should be further investigated.
Based on this contribution, we make the following observations:
Observation 1: Grant-free MUSA without secondary spreading can achieve average UE packet dropping rate of 1% at packet arrival rate of 2 packets/ms/sector, which is quite superior to grant-free OFDMA.
Observation 2: Grant-free MUSA with secondary spreading has significantly improved performance due to the ability and flexibility to balance the traffic load and interference.

Observation 3: Grant-free MUSA can easily satisfy the connection density requirement for mMTC scenario.
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