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Introduction
In the previous RAN1 meetings [1][2][3], simulation assumptions were agreed for non-orthogonal multiple access schemes. In this contribution we show our simulation results based on the agreed assumptions. The blind detection used for MUSA can be found in [4][5].
 
Simulation assumptions and simulation results
Simulation assumptions
The agreed simulation assumptions are shown on Table 1.
	Table 1 UL LLS evaluation parameters

	Parameters  
	Values or assumptions  

	Carrier Frequency  
	2 GHz  

	Waveform  
	OFDM /SC-FDMA  

	
	Other waveform is not precluded  

	Channel coding 
	LTE Turbo as start point, other coding schemes are not precluded. 

	Numerology  
	Same as Release 13  

	System Bandwidth  
	10 MHz  

	Total allocated bandwidth for transmission  
	Companies need to report this value. 

	Overhead  
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission, or equivalent overhead  

	Target spectral efficiency  
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed  

	BS antenna configuration  
	2/4 Rx as baseline  

	
	8Rx optional  

	UE antenna configuration  
	1Tx  

	Transmission mode  
	TM1 (refer to TS36.213)  

	SNR distribution of Multiple UEs  
	Proponents report if single-user or multi-user LLS is used, and what SNR distribution is assumed.  

	Suggested SNR distribution of multiple UEs  
	Equal average SNR (short-term variation remains)  

	
	Unequal average SNR (the SNR distribution is FFS, e.g., uniformly distributed within a range of 3dB, and proponents should report their assumption)  

	Propagation channel & UE velocity NOTE2 
	TDL for in TR38.900 as mandatory  

	
	EPA, EVA, ETU as optional  

	
	3km/h, 30km/h, 120km/h  

	Max number of HARQ transmission  
	1, 4  

	Given BLER level (to calculate sum throughput)  
	0.1 for 1 transmission as starting point, other numbers not precluded, e.g., 

	
	0.01 for 1 transmission  

	Overloading factor 
	Some example values: 

	(Optional, definition refers to R1-163881) 
	100%, 150%, 200%, 300%  

	NOTE: Non-ideal effects (e.g., channel estimation, frequency offset) evaluation FFS.
NOTE2: Companies could choose the propagation model for bringing evaluations at RAN1#85 Nanjing meeting, 
but companies are expected to provide evaluations at least for the channels listed in the table by August 2016.


The specific simulation assumptions are shown on Table 2, which are used in the performance evaluation of MUSA.
Table 2 Specific simulation assumptions for MUSA
	Waveform
	OFDM

	Total allocated bandwidth [RB]
	4

	Single/multiple users LLS
	multiple

	Overhead
	0 (No pilot or preamble for channel estimation)

	Target spectral efficiency  [bps/Hz per UE]
	0.125, 0.25

	Number of users if multi-UEs LLS
	4, 16, 22, 24, 26, 40

	BS antenna configuration  
	2, 4

	SNR distribution [dB]
	equal, unequal

	Propagation channel
	TDL-A,
TDL-C

	Max number of HARQ Tx
	1

	Metric
	Sum Thrpt vs SNR, 
BLER vs SNR

	MA signature random [fixed/random]
	Spreading sequence: random
No preamble or dedicated RS

	Channel estimation [ideal/realistic]
	ideal, realistic

	Timing offset [within CP/beyond CP]
	within CP

	Receiver
	MMSE-SIC



Evaluation results
The evaluation results are shown in followings. 

Ideal channel estimation
Table 3 Performance for 2Rx antennas, SNR gain @BLER = 0.1, ideal channel estimation
	SE per UE (bps/Hz)
	Number of UEs
	Baseline
	MA signature selection
	1T2R, TDL-A, DS=30ns
	1T2R, TDL-C, DS=300ns

	0.25


	4
	OFDMA, 4UE, QPSK, code rate: 0.5, fixed signature, Equal SNR, timing within CP
	Random
	0
	0

	
	16
	
	Random
	-1.55
	-1.2

	
	20
	
	Random
	-6.55
	-6.7



Table 4 Performance for 4Rx antennas, SNR gain @BLER = 0.1, ideal channel estimation
	SE per UE (bps/Hz)
	Number of UEs
	Baseline
	MA signature selection
	1T4R, TDL-A, DS=30ns
	1T4R, TDL-C, DS=300ns

	0.25


	4
	OFDMA, 4UE, QPSK, code rate: 0.5, fixed signature, Equal SNR, timing within CP
	Random
	0
	0

	
	16
	
	Random
	-0.65
	-0.5

	
	40
	
	Random
	-4.75
	-4.85


In Table 3 and Table 4, MUSA performance for antenna 2 and 4 are shown. It is observed that as user number increases, there is SNR penalty to achieve the same BLER of 0.1. However, high user overload is obtained which is preferred in mMTC.
Realistic channel estimation with equal SNR distribution
Table 5 Performance for 2Rx antennas, SNR gain @BLER = 0.1, TDL-A, realistic channel estimation, equal SNR
	SE per UE (bps/Hz)
	Number of UEs
	Baseline
	MA signature selection
	1T2R, TDL-A, DS=30ns

	0.125


	4
	OFDMA, 4UE, BPSK, code rate: 0.5, fixed signature, Equal SNR, timing within CP
	random
	1.2

	
	16
	
	random
	-0.2

	
	20
	
	random
	-1.5




Table 6 Performance for 4Rx antennas, SNR gain @BLER = 0.1, TDL-A, realistic channel estimation, equal SNR
	SE per UE (bps/Hz)
	Number of UEs
	Baseline
	MA signature selection
	1T4R, TDL-A, DS=30ns

	0.125


	4
	OFDMA, 4UE, BPSK, code rate: 0.5, fixed signature, Equal SNR, timing within CP
	random
	1.45

	
	8
	
	random
	0.85

	
	24
	
	random
	-1.85



Table 7 Performance for 2Rx antennas, SNR gain @BLER = 0.1, TDL-C, realistic channel estimation, equal SNR
	SE per UE (bps/Hz)
	Number of UEs
	Baseline
	MA signature selection
	1T2R, TDL-C, DS=300ns

	0.125


	4
	OFDMA, 4UE, BPSK, code rate: 0.5, fixed signature, Equal SNR, timing within CP
	random
	0.85

	
	8
	
	random
	0.4

	
	24
	
	random
	1.25





Table 8 Performance for 4Rx antennas, SNR gain @BLER = 0.1, TDL-C, realistic channel estimation, equal SNR
	SE per UE (bps/Hz)
	Number of UEs
	Baseline
	MA signature selection
	1T4R, TDL-C, DS=300ns

	0.125


	4
	OFDMA, 4UE, BPSK, code rate: 0.5, fixed signature, Equal SNR, timing within CP
	random
	1.8

	
	12
	
	random
	0.4

	
	24
	
	random
	-2.2

	
	26
	
	random
	-2.9



From Table 5 to Table 8, the performance for evaluation for TDL-A, TDL-C channels and 2 receive antennas, 4 receive antennas are shown with realistic channel estimation. Here we still do not use any pilot or preamble for channel estimation. It is found when 4 users are used in MUSA there is 1.3 to 1.8 dB gain achieved compared with OFDMA with 4 users assumed. The main gain comes from no pilot or preamble for channel estimation, thus lower code rate channel coding can be applied compared with that of OFDMA. With user number increasing the required SNR to achieve a BLER of 0.1 for MUSA increases. It is found MUSA can support 26 users, 650% overload of OFDMA baseline, for TDL-C channel with 4 receiver antennas with a SNR penalty of 2.85 dB

The SNR vs BLER performances for MUSA are shown from Figure 1 to 6. For Fig. 1 ideal channel estimation and QPSK are assumed for OFDMA. For Fig. 2 realistic channel estimation and BPSK are assumed for OFDMA where pilots defined in LTE-A is applied for channel estimation. Because there is overhead for channel estimation, the code rate is increased, thus its performance is worse than that of MUSA. It is found the performance for TDL-A channel is a little better than that of TDL-C channel in some cases.
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Figure 1 BLER vs SNR for OFDMA with 4 users and ideal channel estimation, QPSK modulation.
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Figure 2 BLER vs SNR for OFDMA with 4 users and real channel estimation, BPSK modulation.
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Figure 3 BLER vs SNR for TDL-A channel with 4 receive antennas.


[image: ]

Figure 4 BLER vs SNR for TDL-C channel with 4 receive antennas.
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Figure 5 BLER vs SNR for TDL-A channel with 2 receive antennas.
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Figure 6 BLER vs SNR for TDL-C channel with 2 receive antennas.

Realistic channel estimation with unequal SNR distribution
Figure 7 shows the BLER vs. user load performance for unequal SNR distributions, ranging from 6 to 20 dB. 4-Rx antenna configuration is assumed. Unequal SNR distributions will facilitate MUSA SIC-type blind-MUD receiver thus higher overloading, e.g. ~1000% overload @BLER 0.1 can be achieved.
[image: ]
Figure 7 BLER vs user load for SNR distribution from 6 to 20 dB, 4Rx antenna, realistic channel estimation 

MCL performance
[bookmark: OLE_LINK1]Table 9 MCL performance for TDL-A channel with 4 receive antennas (Based on Figure 2)
	
	MUSA
	MUSA
	MUSA 
with secondary length-8 spreading

	Overloading
	600%
	600%
	600%

	Spectrum Efficiency (bit/s/Hz)
	1/8*24=3
	1/8*24=3
	1/64*192=3

	Transmitter
	　
	　
	　

	(1) Tx Power (dBm)
	23
	23
	23

	Receiver
	　
	　
	　

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	15000
	15000

	(6) Effective noise power
= (2)+(3)+(4)+10 log ((5)) (dBm)
	-118.45
	-129.24
	-129.24

	(7) Required SINR (dB)
	-4.5
	-4.5
	-13.5

	(8) Receiver sensitivity =(6)+(7) (dBm)
	-122.95
	-133.74
	-142.74

	(9) Receiver processing gain
	0
	0
	0

	(10) MCL = (1) - (8) + (9) (dB)
	145.95
	156.74
	165.74



Note: Table 9 is based on Figure 2 BLER vs SNR for TDL-A channel with 4 receiver antennas

Table 10 MCL performance for TDL-C channel with 2 receive antennas (Based on Figure 4)
	
	MUSA
	MUSA 
with secondary  length-4 spreading
	MUSA 
with secondary length-16 spreading

	Overloading
	600%
	600%
	600%

	Spectrum Efficiency (bit/s/Hz)
	1/8*24=3
	1/32*96=3
	1/128*384=3

	Transmitter
	　
	　
	　

	(1) Tx Power (dBm)
	23
	23
	23

	Receiver
	　
	　
	　

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	15000
	15000

	(6) Effective noise power
= (2)+(3)+(4)+10 log ((5)) (dBm)
	-118.45
	-129.24
	-129.24

	(7) Required SINR (dB)
	-1.5
	-7.5
	-13.5

	(8) Receiver sensitivity =(6)+(7) (dBm)
	-119.95
	-136.74
	-142.74

	(9) Receiver processing gain
	0
	0
	0

	(10) MCL = (1) - (8) + (9) (dB)
	142.95
	159.74
	165.74


It is observed from Table 9 and Table 9 that MUSA can work in diversified SNR conditions and has the capability of large coverage area. If with two-level spreading, e.g., secondary length-8 or length-16 orthogonal code spreading, MUSA can even fulfil the requirement of MCL of lower than 164 dB.
Conclusions
In this contribution, MUSA scheme is evaluated for TDL-A and TDL-C channel with different receiver antennas. Blind multiuser detection (MUD) is applied for MUSA with realistic channel estimation. Pilot or preamble are not applied for user detection and channel estimation. We have the following observations:

Observation 1: For ideal channel estimation QPSK can be supported by MUSA and up to 40 users are supported when 4 receive antennas are assumed.
Observation 2: For realistic channel estimation BPSK is supported by MUSA with blind detection used. The BLER of 24 or 26 users can be as low as 0.01.
Observation 3:  Unequal SNR distribution is suitable for MUSA SIC-type blind-MUD receiver.
Observation 4：With realistic channel estimation, about 1000% user load can be achieved for 4 receiver antennas with unequal SNR distribution.
Proposal 1: MUSA with blind MUD employed can be applied for mMTC scenario over multi-path fading channel to support massive user connection and reduce the signaling overhead.
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