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Introduction
In RAN1 #86Bis meeting, Link level evaluation results for IGMA have been given in [1], including some of the realistic channel estimation case and comparison with OFDMA schemes. In this contribution, updated LLS evaluation results of IGMA under realistic channel estimation are presented. Besides, the consideration on the MCL requirement and the performance of MCL for IGMA are also presented.
Link level evaluation under realistic channel estimation case 
In this section, the performance under the case of realistic channel estimation is presented. Following the well-studied ZC sequence based DMRS that is adopted in LTE, the realistic channel estimation for IGMA is extended from conventional DMRS design. As discussed in [2], it is vital to keep the orthogonal DMRS for different UEs, especially the UEs sharing the same time-frequency resources, because the accuracy of the channel estimation has very close relation to the performance of any MA scheme. 
As discussed in [1], given the case that 6 UEs are considered to share the same 6PRBs to transmit signals. Thus, 6 orthogonal DMRS signal designs are needed. Borrowing the design of DMRS for MU-MIMO and the SRS, the Orthogonal Cover Code (OCC）, Comb-like and cyclic shift (CS) are adopted to enhance the DMRS capacity for IGMA. Two versions of DMRS design are used in the simulation: 1) V1 denotes the case of using the combination of OCC and CS and 2) V2 denotes the case of using the combination of OCC, Comb-like and CS as shown in the Fig. 1. For V1, three cyclic shifted versions of a same ZC sequence combines with a length-2 OCC to support overall 6 orthogonal DMRS. For the same purpose, 2 CS versions of a same ZC sequence, a length-2 OCC (i.e., [+1 +1] [+1 -1]) and a RPF-2 Comb structure (i.e., each UE will occupy 1/2 of the available DMRS RE resources) are combined together in V2. The receiver will first estimate the channel state information (CSI) in DMRS symbols, and exploit the interpolation to estimate the CSI on other REs. In practical, less CS will generate higher accuracy of estimated CSI due to larger resolution gap. On the other hand, adding comb-like feature in the DMRS setting, the capacity of DMRS could increase but the accuracy of estimated CSI may be degraded because the receiver has to perform frequency-domain interpolation in addition to the time-domain interpolation.
Regarding the channel estimation method, the common MMSE method is utilized, i.e., , where  is the estimated channel for one RE,  is the DMRS signal element in that RE,  denotes the Hermitian operation (in here equivalent to just conjugate) and  represents the noise power. 
As the results shown in [1], the channel estimation results with V1 and V2 are almost identical to each other. Thus, in this simulation, only V1 is used to avoid duplicate work.

Fig. 1 The illustration of DMRS setting used in the simulation
In the following, the BLER performances under realistic channel estimation are presented.
[image: ] [image: ]
Fig.2 BLER performance under realistic channel estimcation at TBS=72bits (without CRC)
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Fig.3 BLER performance under realistic channel estimcation at TBS=148bits (without CRC)
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Fig.4 BLER performance under realistic channel estimcation at TBS=192bits (without CRC)
According to above simulation results, it can be seen that IGMA’s performance is acceptable under real channel estimation case. The performance loss due to the realistic channel estimation is around 2dB even in relatively high TBS region.
Observation 1: IGMA’s performance is acceptable under real channel estimation.
To compare with IGMA, OFDMA is also evaluated. Regarding the DMRS, same design as LTE-A is adopted and DMRS for each UE is not super-posed and only transmitted on the sub-carriers that used for the corresponding data transmission. As the results shown in Fig. 5, in the ideal CSI case, the IGMA could outperform the OFDMA but in the realistic channel estimation results, the gap between IGMA and OFDMA is almost negligible. The reason is that since the DMRS in OFDM is not overlapped, it has better channel estimation result. On the other hand, the IGMA shares 6PRBs for DMRS transmission in the overlapping manner (orthogonal property depends on the Cyclic shift and OCC), thus the performance loss will be larger due to the less inaccurate estimated CSI.  
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Fig. 5 OFDMA vs IGMA comparison under ideal and estimated CSI
Observation 2: the proper DMRS design is a significant aspect to keep the NoMA gain to OMA, e.g., OFDMA.
MCL analysis 
In this section, the MCL of IGMA under different configurations is discussed. For some services with deep coverage requirement, it is important to achieve more than 164dB MCL. To evaluate the MCL performance, three cases are considered as summarized in Table 1.
Table 1: Configurations for MCL evaluation
	
	Case 1
	Case 2
	Case 3

	Supported UE number
	6
	6
	6

	Bandwidth
	1.08MHz
	1.08MHz
	15kHz

	Number of RBs
	6 RBs
	6 RBs
	4 sub-carriers

	Sub-carrier spacing
	15kHz
	15kHz
	3.75kHz

	Number of slots
	1
	1
	36

	TBS (bits)
	72
	12
	54

	Data rate (Kbps)
	72
	12
	0.0375

	Spectrum efficiency (bits/RE)
	0.083
	0.014
	0.0313


To achieve higher MCL, two attempts are used. For case 1 and 2, lower coding rate is applied, while for case 3, smaller bandwidth with smaller sub-carrier spacing is considered to reduce the effective noise power. Figure 6 shows the BLER performance for case 2 and case 3. The performance of case 1 can be found in Fig. 2.
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Fig. 6 BLER performance for case 2 and case 3
Based on the BLER performance for the aforementioned three cases, the MCL of these cases can be calculated as shown in Table 2. Note that the SNR corresponding to 10% BLER is regarded as required SINR.
Table 2: MCL performance for different cases
	
	Case 1
	Case 2
	Case 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)
	1080000
	1080000
	15000

	(6) Effective noise power
= (2)+(3)+(4)+10 log ((5)) (dBm)
	-110.67
	-110.67
	-129.24

	(7) Required SINR (dB)
	-7.5
	[bookmark: _GoBack]-9.2
	-11.8

	(8) Receiver sensitity =(6)+(7) (dBm)
	-118.17
	-120.47
	-141.04

	(9) Reciever processing gain
	0
	0
	0

	(10) MCL = (1) - (8) + (9) (dB)
	141.17
	142.87
	164.04



From Table 2, it can be concluded that IGMA can fulfil the requirement of high MCL. For example, more than 164 dB MCL can be achieved for case 3. As a result, IGMA is suitable for some services with deep coverage. According to the above analysis, we have following observation.
Observation 3: IGMA is suitable for services with deep coverage.
Conclusion
In this contribution, link level simulation evaluations for IGMA under realistic channel estimation are presented. In summary, the observations and proposals are as follows:
Observation 1: IGMA’s performance is acceptable under real channel estimation.
Observation 2: the proper DMRS design is a significant aspect to keep the NoMA gain to OMA, e.g., OFDMA.
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Appendix – Link level simulation setup
Table.3. LLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	6RBs (1.08Mhz) 

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

	Target spectral efficiency
 & supported UE number
	Per UE SE = TB size/(144*No. of RBs*Mapping density)
Chip-by-Chip MAP case:
· TB sizes of 6 RBs (without CRC) :{72, 148, 192 } (bits);
· Mapping density = 0.5
· Supported UE numbers: {6, 8} (equivalent overloading factor: {150%, 200%,300%})

	BS antenna configuration 
	2Rx 

	UE antenna configuration 
	1Tx 

	Channel estimation
	Realistic & Ideal channel estimation

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

	Propagation channel & UE velocity 
	TDL-C with DS{300}ns & 3km/h in TR38.900

	Detection method
	Chip-by-Chip MAP

	Given BLER level (to calculate sum throughput) 
	0.1 for 1 transmission

	Channel estimation method
	MMSE estimation
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