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Background
During the RAN1 #94bis meeting, the order-wise computation complexity formulae and an example value table were agreed. Several companies have submitted complexity counts based on these agreed tables [1][2][3][8] [15][16] [17]. Complexity analysis results are collected based on company's contributions and some observations are drawn accordingly. 
Calculation of NOMA receiver complexity
[bookmark: _GoBack]For the complexity of MMSE IRC/hard-IC receiver, several options have been agreed to calculate the demodulation weight which cover both serial and parallel cancellation in MMSE hard-IC receiver. Option 1 complexity are provided in [1][3][17]. Option 2 complexity are provided in [8][15].  Option 3 complexity are provided in [2]. For MMSE IRC receiver, three different versions are provided in [1]. They are further revised into two. These two options adopt the two different methods of covariance matrix calculation in the agreed table of order-wise computation complexity analysis respectively.

For the computational complexity analysis of ESE SISO based receiver, ESE receiver complexity is provided in [1][8][16] and enhanced ESE with both MMSE and MF signal combining is provided in [1]. 

For the computational complexity analysis of EPA SISO based receiver, 3 options based on the agreed table are provided in [1][3][17]

For channel decoder, statistics of decoding attempts for different receivers are provided in [1][2][4][17]. 

In the agreed parameter value table, the following two parameters can have wide range.
·  	: number of adjacent REs to which the same demodulation weights are applied
· : number of adjacent REs to which the same SINR is assumed


MMSE-IRC/hard-IC 
 In [1][2][6][12], link level results are provided to compare the performance with different values of ,. Many results show that under certain circumstances, performance degradation is negligible even when  is relatively large.. Typical values used in the simulation are {4, 24, 48, 144}. Therefore, the following complexity calculation of MMSE IRC/hard-IC receiver focuses on these values. In [1][3][17], = 48 or 144 have been proposed. The complexity analysis for three options of MMSE hard-IC and two options of MMSE IRC receivers are collected in Figure.1-3

	
	


Figure. 1 Option 1 complexity calculation of MMSE hard-IC based detector/IC

	
	


Figure. 2 Option 2 complexity calculation of MMSE IRC/ hard-IC based detector/IC
	
	


Figure. 3 Option 3 complexity calculation of MMSE hard-IC receiver
ESE based
The complexity analysis for ESE SISO based receivers are collected in Figure.4 
	
	


Figure. 4 Complexity calculation of ESE/enhanced-ESE based detector/IC

EPA based
	
	


Figure. 5 Complexity calculation of EPA based detector/IC
Channel decoder
It has been proposed in [1][5][8] that the number of usages can be used to quantify the decoding complexity. Maximal decoding attempts under various simulation cases are provided in [1][4][17] for MMSE hard-IC receiver which ranges from 1.2 to 1.6, while the maximal number of decoding attempts for EPA SISO is 2.6 as provided in [17]. In the evaluation of MMSE hard-IC and ESE decoding complexity, 2 and 5 has been used in [1][3][8][16]. These proposed values are roughly aligned with the agreed example values. Hence, the channel decoder complexity can be reflected in following the table with the agreed values or range of values,
Table 1 Ratio of decoding complexity of various receivers
	Rx Types

Decoding Complexity
	MMSE IRC 
	MMSE hard-IC
	ESE SISO
	EPA SISO

	Ratio by number of usages
	1
	1.5~3
	5
	3







UE detection and channel estimation
The calculation of UE detection and channel estimation is provided in [1][2]. Compared to the overall detector plus IC complexity provided, the UE detection and channel estimation don't account for significant portion.  
Table 2 Computation complexity of UE detection and channel estimation
	Detailed Component
	Computation Complexity 

	UE detection
	

	Channel estimation
	



Text Proposal for NOMA related receivers to TR38.812
[R1-1813547] propose to include add the description of MPA under Section 6.1 in the TR38.813. We can check it during the offline discussion.
· MPA
MPA (message passing algorithm) detector passes the conditional probability back and forth between every FN (function node, representing RE) and VN (variable node, representing data layer) edge in the factor graph of a NOMA scheme. During each iteration, the values (probabilities) on FNs and VNs are updated respectively. After a number of iterations (inner loops), the LLRs for the coded bits are calculated based on the current probabilities and then input to the channel decoder. The MPA detector can be combined with any interference cancellation (IC) types, such as soft PIC, hard SIC/PIC, and hybrid soft and hard PIC.


Conclusion

Proposal 1 To capture Figures 1~5 , Table 1 and the following observations into TR38.812.

Observation 1 Based on the agreed example values of parameters for complexity calculation and with the range of  ,  the ratio of computation complexity of MMSE hard-IC detector/IC vs. MMSE IRC detector ranges 1~4 @ 2Rx and 4Rx

Observation 2  Based on the example values of parameters for complexity calculation, and with the range of   ,  the ratios of computation complexity of ESE/EPA-detector/IC vs. MMSE IRC detector range: 
· For ESE-based 
·   :  4.5~22 @ 2Rx  and 1.5~17.5 @ 4Rx for ESE
·  1.5~9 @ 2Rx and  0.5~11.5@4Rx for enhanced ESE
· For EPA based
· :7~78 @ 2Rx and 1.5~28@4Rx for Option 1 EPA
· :8.5~40 @ 2Rx and 2~22 @ 4Rx for Option 2 EPA
· :2~23.5 @ 2Rx and 1~23 @ 4Rx for Option 3 EPA
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Appendix
	Source Number
	References

	Source 1
	[1]

	Source 2
	[2]

	Source 3
	[3]

	Source 4
	[8]

	Source 5
	[17]



Nrx = 4, IRC/Hard-IC
Option 1
IRC	src1,N=4	src2,N=4	src1,N=24	src1,N=48	src5,N=48	src1,N=144	1941696	374976	218304	113856	Hard SIC	src1,N=4	src2,N=4	src1,N=24	src1,N=48	src5,N=48	src1,N=144	2352096	2417032.8699999987	508896	324576	334398	201696	



Nrx = 2,IRC/Hard-IC
Option 2
IRC	src1,N=4	src4,N=4	src1,N=24	src4,N=24	src1,N=48	src1,N=144	145152	52672	43424	37258.666666666664	Hard-IC	src1,N=4	src4,N=4	src1,N=24	src4,N=24	src1,N=48	src1,N=144	241632	698976	102912	183456	89040	79792	



Nrx = 4,IRC/Hard-IC
Option 2
IRC	src1,N=4	src1,N=24	src4,N=24	src1,N=48	src1,N=144	949824	211264	137408	88170.666666666701	Hard-IC	src1,N=4	src1,N=24	src4,N=24	src1,N=48	src1,N=144	1472544	364704	439776	253920	180064	



Nrx = 2,Hard-IC
Option 3
IRC	src1,N=4	src2,N=4	src1,N=24	src1,N=48	src1,N=144	Hard-IC	src1,N=4	src2,N=4	src1,N=24	src1,N=48	src1,N=144	1594914.1173000501	1745992.87	327714.11730005185	200994.11730005217	116514.11730005199	



Nrx = 4,Hard-IC
Option 3
Hard-IC	src1,N=4	src1,N=24	src1,N=48	src1,N=144	6665442.1173000503	1228002.1173000501	684258.1173000515	321762.11730005185	IRC	src1,N=4	src1,N=24	src1,N=48	src1,N=144	



Nrx = 2, ESE
ESE+SISO	src1	src4	src5	655488	1021248	733248	e-ESE+SISO-MF	src1	src4	src5	209664	e-ESE+SISO-MMSE	src1	src4	src5	271872	



Nrx = 4, ESE
ESE+SISO	src1	src4	src5	1285056	1700352	999936	e-ESE+SISO-MF	src1	src4	src5	237888	e-ESE+SISO-MMSE	src1	src4	src5	859968	



Nrx = 2, EPA
EPA-opt1	src1	src2	src5	2806848	EPA-opt2	src1	src2	src5	1189440	1112717	EPA-opt3	src1	src2	src5	852480	853222.87	



Nrx = 4, EPA
EPA-opt1	src1	src2	src5	2814336	EPA-opt2	src1	src2	src5	1632384	1497600	EPA-opt3	src1	src2	src5	2295936	2296678.8699999987	



Nrx = 2, IRC/Hard-IC
Option 1
IRC	src1,N=4	src2,N=4	src3,N=4	src1,N=24	src1,N=48	src5,N=48	src1,N=144	392832	93312	63360	43392	Hard SIC	src1,N=4	src2,N=4	src3,N=4	src1,N=24	src1,N=48	src5,N=48	src1,N=144	516384	805702.87	626112	147744	110880	114668	86304	
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