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Introduction
At the RAN#82 meeting, we have provided initial evaluation results of performance gain of non-orthogonal multiple access compared with orthogonal multiple access on non full buffer traffic model. In this contribution, further the system level simulation results for MUST are presented. Further discussion is conducted on the simulation results. 
CSI Feedback for MUST
In this section, we describe CSI and UE SINR computation methods at eNB that are relevant to downlink MUST. 
In MUST, eNB needs to be informed about the CSIs of all UEs in order to select appropriate UE pairs. CSI includes RI, PMI, CQI or MCS. In the case of 2Tx and 2Rx, the feedback overhead of RI, PMI and CQI are 1bit, 2bit and 4bit, respectively. It is generally believed that two paired UEs have similar precoding matrix, but very different CQIs. In closed-loop system, the SINR of all UE cannot be fed back to eNB directly. UE SINR should be derived by MCS fed back by UE. UE SINR and MCS are mapped based on BLER curves.
Scheduling Methodology for System Level Simulation of MUST
· Basic processing flow in MUST scheduler 
A key aspect of scheduler implementation for MUST is the selection algorithm for pairing users. Basic steps of the scheduler for wideband operation are described below:
1) For each cell, any two UEs served by the BS may form a candidate pair of UEs. If the number of UE served by an eNB is n, there would be  user pairs.
2) Among  user pairs, a few candidates of UE pairs are selected, according to the rule to be described shortly. 
3) Proper transmission powers are selected for these UE pair candidates to maximize the throughput metric.
4) The optimal UE pair is selected from the above UE pair candidates, given proper transmission powers.
5) The optimal UE pair recommended by MUST scheduler and the optimal UE recommended by SU-MIMO scheduler are compared based on their metrics. The comparison gives the multiplexing type and the scheduled UEs.
6) The selected UEs in pair are scheduled in wideband. 

· Rule for UE pairing
In order to reduce computation cost, those UE pairs that are obviously not suitable for MUST would be rejected at the beginning. Let us use UE1 and UE2 to represent two UEs in a pair. If the precoding matrices of UE1 and UE2 are significantly different, UE1 and UE2 would not be multiplexed. Furthermore, if the geometries (i.e., downlink wideband SINR) of UE1 and UE2 are very close, they would not be considered for pairing.
Precoding matrixes of UE1 and UE2 are denoted as  and . The rank of UE1 and UE2 are labeled as  and .
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 is the unitization of vector . , .
The SINR of UE1 and UE2 are labeled as  and , in dBs. is the absolute value of the difference of   and . 
The multiplexing conditions of UE pair are listed below:
1. At least one vector of set  and one vector of set  are same. 
The number of the same vectors in the two sets is the multiplexing rank of the two UE, which is labeled as .
2. .  is the preconfigured threshold value, such as 10 dB, 15 dB, etc. 
The above condition about SINR tries to ensure that a central UE and an edge UE, rather than two central UEs or two edge UEs, should be multiplexed in MUST. If , UE1 is central UE and UE2 is edge UE. If not, UE1 is edge UE and UE2 is central UE.

· Selection of transmission power for UEs
For a UE pair candidate (UE1 and UE2) that meets the above condition, proper transmission power  and  should be set in order to maximize the throughput metric of the UE pair. The metric of a UE pair is the metric of the performance estimation of UE1 and UE2 multiplexing in power domain. Normally, the greater the metric, the greater the multiplexing performance of the two UEs is.  and  are subject to the constraint
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Suppose UE1 is central UE and UE2 is edge UE, The candidates of  are . Here are subject to the constraints:
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It is needed to conduct exhaustive search on the candidate set of  and extract the best value pair  by eNB. Value  can maximize the metric of the current UE pair.

· Estimation of scheduling SINR of multiplexed UEs 
When two UEs are assumed to multiplex in power domain, the scheduling SINR of the two UEs should be estimated. Suppose UE1 is central UE and UE2 is edge UE among the two UEs, the scheduling SINR  of UE1 and the scheduling SINR  of UE2 is calculated by these formulas below.
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 Here,  and  are respectively the reported SINR of UE1 and UE2. Value  is the proper transmission power of UE1 and UE2. And  is subject to the constraint below.
                                                                                                                                                       (11)

· Calculation of multi-user PF metric
The metric of a UE-pair not only considers the contribution of UE-pair on the system performance gain but also takes the history of scheduling of UE1 and UE2 into account.  The metric tends to give UEs with less scheduled times more chances to be scheduled. So the metric used by the scheduling algorithm is the metric with proportional fairness (PF). We used the scheduling metric with proportional fair described by [1].
                                                                                                                                                   (12)
Here,  is the metric of k-th UE at the time .  is the “requested rates” of k-th UE at the time . is the average throughputs of k-th UE until the time .
                                                       (13)
Here, is the length of the exponentially weighted window. is the average throughputs of k-th UE until  time .
Preliminary System Simulation Results
In this section, system level simulations on Full buffer model and FTP1 model are carried out. Only wideband scheduling is considered. Detailed simulation assumptions are described in Table A1. 
UEs use SIC receiver to remove the interference of the edge UE to the central UE. Nevertheless, the interference of the central UE over the edge UE can hardly be eliminated. 
Table 1 Performance comparison of SU-MIMO and MUST on Full buffer model 
	
	Mean UPT (Mbps)
	5% UPT (Mbps)

	SU-MIMO
	1.5287 
	0.0317 

	MUST
	1.5428 
	0.0388 

	Gain
	0.92%
	22.57%


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Performance comparison of SU-MIMO and MUST on full buffer traffic model is shown as Table 1. Cell edge performance gain of MUST than SU-MIMO is 22.57%. Cell average performance gain is only 0.92%.
Table 2 Performance comparison of SU-MIMO and MUST on FTP1 model
	
	RU
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	SU-MIMO
	0.6311 
	13.2447 
	1.5567 
	8.9708 

	MUST
	0.6144 
	13.6657 
	1.6913 
	9.4170 

	Gain
	
	3.18%
	8.65%
	4.97%


Performance comparison of SU-MIMO and MUST on FTP1 is shown as Table 2. The gain of the percent 5 UE throughput of MUST than SU-MIMO is 8.65%. According to Table 2, MUST also results in some gains in the average spectral efficiency.
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Figure 1. CCDF of simultaneous users in FTP traffic model 1 for 60 %RU
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Complementary cumulative density function (CCDF) of simultaneous live users in FTP traffic model 1is shown in figure 1. It shows that maximal live users can be 14.
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[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 2. CDF of simultaneous scheduled users in FTP traffic model 1

Cumulative density function (CDF) of simultaneous scheduled users in FTP traffic model 1is shown in Figure 2. It shows that more 55% of RB Resources are used by one UE. It also shows two UEs are simultaneous scheduled is low in per cell. 
It should be noted that the simulation here is very preliminary, meaning that there is quite a lot of room for further optimization of scheduler to fit MUST, so that MUST system performance can be further improved.
Conclusion
In this contribution, we provide more simulation results on full buffer traffic and FTP1 traffic. Compared with SU-MIMO, MUST can significantly improve the cell edge performance on full buffer traffic. MUST also gets some gains in FTP1 traffic. Further optimization of scheduler implementation is expected to boost MUST performance further. 
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Annex
Table A1:  System-level simulation assumptions of  DL MUST
	Cellular Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Inter-site distance
	500 m

	Minimum distance between BS and UE
	25m

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna gain + connector loss
	17 dBi

	UE antenna gain
	0 dBi

	Channel Estimation
	ideal

	Channel Measurement
	ideal

	UE speed
	3 km/h

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	eNB: 2Tx ,0.5 lambda, cross-polarized
UE: 2Rx ,0.5 lambda, cross-polarized

	Number of UEs per cell
	10

	Maximum number of multiplexed UE
	2 

	Delay time of scheduling
	6ms

	Number of subbands
	1 (wideband scheduling)

	Traffic model
	FTP1，lambda=2.5, Packet Size=0.5Mbytes

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Total BS TX power (total per carrier)
	46 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Antenna Height
	25 m

	UE antenna Height
	1.5 m

	Codebook
	LTE Rel. 8

	OLLA
	Yes

	Receiver
	MMSE with IRC and SIC

	Resource Utilization
	80%

	EVM
	EVM is not modeled

	Duration of the simulation 
	80s for FTP1,5S for full buffer 
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