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1 Introduction
[bookmark: _GoBack]At the RAN1#93 meeting, the basic transmitter side data processing methods have been agreed [1]. At the RAN1#94b meeting, text proposals in R1-1811976 and R1-1812076 are approved [2]. Different types of uplink NOMA transmission side processing have been captured in TR 38.812.
	Agreements:
· Detailed transmission schemes particularly MA signature design per scheme will be captured in TR. Performance and complexity comparisons and observation/conclusion should at least be made scheme-wise. 
· Transmitter side data processing for NOMA can be based on one or more of the following aspects
· UE -specific bit-level scrambling
· UE -specific bit-level interleaving
· UE -specific symbol-level spreading
· Can be with NR legacy modulation or modified modulation
· UE -specific symbol-level scrambling 
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE -specific power assignment
· UE-specific sparse RE mapping
· Cell-specific MA signature 
· Multi-branch/MA signature transmission (irrespective of rank) per UE


In this contribution, we show the evaluation results for different NOMA schemes based on the agreements and compare the performance of these schemes.
2 User grouped multiple access (UGMA)
The structure of UGMA is shown in Fig. 1. Both UE/branch specific spreading sequences and UE/branch specific power assignment can be used as MA signatures of UGMA. Note that two blocks “Symbol level spreading” and “Power assignment” can be designed jointly.


Figure 1 The structure of UGMA
For equal received power, optimal sequences minimizing the cross-correlations are obtained by  where , K is the number of sequences,  is j-th spreading sequence with unit power and N denotes the spreading factor. Based on [8], sequences meeting welch-bound equality (WBE), i.e., , are optimal and are called as WBE sequences. However, for unequal received powers, the cross-correlations becomes , where  is a diagonal matrix whose diagonal elements are received powers of K users. Then, optimal sequences satisfy

where  is the received power of user j. In this case, sequences meeting the equality in generalized welch-bound   are optimal, which are called as generalized welch-bound equality (GWBE) sequences [9]. For any given number of users K, spreading factor N and powers , the corresponding GWBE sequences can be generated by the Algorithm in Table 3 in Appendix.
It should be noted that the elements of GWBE sequences are irregular complex values, which may increase the complexity for hardware implementation. For this end, both the real and imaginary parts of GWBE sequences can be quantized into discrete values, e.g.,  or  or  etc. Besides, for equal received power, GWBE sequences reduce to WBE sequences.
More details of UGMA scheme can be found in [3] and [4]. In addition, more spreading sequences used for UGMA can be found in Section 3.
3 Examples of GWBE sequences
(1) Spreading factor = 2, Group number = 2, Received power offset = 6dB
Table 1-1: Example of target average received powers and GWBE sequences (Spreading factor = 2, User number = 4, Group number = 2, Received power offset = 6dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	0.5909 + 0.5887i   0.4232 + 0.3538i
	  -0.7071 + 0.0000i   0.7071 - 0.0000i

	0.2790 + 0.3606i  -0.6877 - 0.5650i
	   0.1489 - 0.9282i  -0.1683 - 0.2965i


Table 1-2: Example of target average received powers and GWBE sequences (Spreading factor = 2, User number = 6, Group number = 2, Received power offset = 6dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	0.2621 - 0.0653i   0.8902 - 0.3668i
	-0.7071 - 0.0000i   0.7071 - 0.0000i

	0.7824 - 0.5135i   0.0939 - 0.3397i
	-0.9849 - 0.0060i   0.1441 + 0.0957i

	-0.5465 + 0.3775i   0.0318 - 0.7469i
	0.6833 - 0.0329i  -0.2914 - 0.6687i


Table 1-3: Example of target average received powers and GWBE sequences (Spreading factor = 2, User number = 8, Group number = 2, Received power offset = 6dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	0.2296 - 0.8361i  -0.0239 + 0.4977i
	 -0.7071 - 0.0000i   0.7071 + 0.0000i

	-0.6501 + 0.1821i  -0.7175 + 0.1713i
	  0.0566 + 0.7376i   0.1789 + 0.6487i

	0.5244 - 0.3699i  -0.6460 + 0.4135i
	 -0.5164 + 0.8517i   0.0806 - 0.0380i

	0.3508 + 0.2662i   0.6404 + 0.6292i
	  0.8348 + 0.0854i   0.2628 - 0.4762i


Table 1-4: Example of target average received powers and GWBE sequences (Spreading factor = 2, User number = 12, Group number = 2, Received power offset = 6dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	0.7649 + 0.3396i   0.3100 + 0.4512i
	-0.7071 + 0.0000i  -0.7071 - 0.0000i

	 0.4457 + 0.4612i   0.3316 - 0.6918i
	-0.7669 - 0.4046i   0.3817 - 0.3201i

	-0.0099 + 0.0765i  -0.1051 - 0.9915i
	-0.2855 - 0.8291i   0.2378 + 0.4178i

	 0.6488 + 0.2717i  -0.5476 - 0.4532i
	 0.0793 - 0.9822i  -0.0911 + 0.1439i

	-0.2236 + 0.9723i  -0.0556 - 0.0387i
	 0.2227 + 0.4644i   0.2586 + 0.8172i

	 0.4795 + 0.0469i   0.5706 + 0.6651i
	-0.3910 + 0.4767i   0.6021 + 0.5073i


Table 1-5: Example of target average received powers and GWBE sequences (Spreading factor = 2, User number = 24, Group number = 2, Received power offset = 6dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	-0.7778 + 0.4081i  -0.1932 - 0.4372i
	-0.7071 + 0.0000i   0.7071 + 0.0000i

	-0.5642 - 0.4531i  -0.3251 - 0.6088i
	-0.5227 - 0.8218i   0.2163 + 0.0679i

	-0.7590 - 0.3038i  -0.3085 + 0.4863i
	-0.0181 + 0.7907i  -0.4618 + 0.4016i

	-0.7284 + 0.5049i  -0.4373 + 0.1527i
	-0.2517 + 0.2358i   0.4863 - 0.8029i

	-0.1561 - 0.0894i  -0.9398 + 0.2905i
	-0.4965 + 0.6044i   0.2624 - 0.5651i

	 0.7629 + 0.6341i  -0.0361 - 0.1212i
	 0.8367 + 0.1151i  -0.1880 + 0.5013i

	 0.4784 + 0.3691i   0.3631 - 0.7093i
	 0.8677 - 0.0064i   0.3872 - 0.3118i

	 0.8197 + 0.2199i  -0.0746 - 0.5236i
	-0.1183 + 0.5122i   0.7798 + 0.3400i

	-0.2883 + 0.2919i  -0.5490 - 0.7282i
	 0.3169 + 0.1634i   0.1497 + 0.9222i

	 0.1663 - 0.0905i  -0.3583 - 0.9142i
	 0.4960 + 0.0890i   0.6717 + 0.5430i

	 0.0518 + 0.3968i  -0.6305 - 0.6651i
	 0.6841 - 0.1157i  -0.6399 + 0.3304i

	-0.4847 - 0.8258i   0.2653 + 0.1125i
	 0.0585 - 0.2478i   0.0324 - 0.9665i



(2) Spreading factor = 4, Group number = 2, Received power offset = 6dB 
[bookmark: _Hlk528926789]Table 2-1: Example of target average received powers and GWBE sequences (Spreading factor = 4, User number = 8, Group number = 2, Received power offset = 6dB)
	Sequences for group with high power
	Sequences for group with low power

	-0.3068-0.4002i  -0.1823-0.2575i  0.2787+0.4238i  0.5287-0.3308i
	-0.5      -0.5             -0.5               -0.5 

	-0.0229+0.3563i  0.869-0.2734i  0.0574+0.021i  -0.0142-0.1965i
	-0.8869-0.2366i  0.1684-0.0164i  0.1991+0.2087i  -0.1898+0.0979i

	-0.1936-0.4658i  0.2822-0.0885i -0.0736+0.3716i  -0.7151+0.0569i
	-0.118-0.1499i   -0.0994-0.2647i  0.377-0.381i    -0.6336-0.4415i

	-0.3066+0.3717i  -0.2369-0.2155i -0.7377+0.2445i  0.0236-0.2465i
	0.5835-0.2329i  -0.407+0.0047i  0.3753-0.453i    -0.2874+0.1048i


Table 2-2: Example of target average received powers and GWBE sequences (Spreading factor = 4, User number = 10, Group number = 2, Received power offset = 6dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	0.0119-0.1007i  -0.0644-0.1857i  -0.3366-0.0390i  0.0430-0.9135i
	-0.5000  -0.5000    0.5000    0.5000 

	-0.3961-0.0226i  0.2091-0.1960i   0.8491+0.1860i   0.0620+0.0314i
	-0.1344+0.0366i   0.6341-0.5664i   0.3335-0.0314i  -0.2356+0.2999i

	-0.4162+0.4704i  -0.4928-0.3766i  -0.3466+0.1054i  -0.1822+ 0.2374i
	0.2737-0.5103i  -0.7140-0.2974i  -0.0803+0.0275i   0.2188+0.1071i

	0.3346+0.5431i   0.6671-0.1797i  -0.1591- 0.0402i  -0.2873 + 0.0793i
	-0.1543+0.4348i  -0.2994+0.4183i   0.0870-0.0467i  -0.3548+0.6221i

	0.3423-0.4293i  -0.1427+0.3144i   0.0837-0.5894i  -0.4264+0.2075i
	-0.3954-0.4406i  -0.0567-0.0231i   0.2602-0.5227i  -0.4218+0.3563i


Table 2-3: Example of target average received powers and GWBE sequences (Spreading factor = 4, User number = 16, Group number = 2, Received power offset = 6dB)
	Sequences for group with high power
	Sequences for group with low power

	0.5747-0.3408i    -0.2554+0.4933i    -0.0064-0.3592i    0.1565-0.3023i
	-0.5           -0.5   -0.5   -0.5

	0.3786-0.2143i     0.0064-0.5928i    -0.4637+0.2793i     0.0282-0.4069i
	-0.4321+0.3191i    -0.031-0.1271i     -0.5079-0.1491i    -0.4844-0.4237i

	-0.0439+0.3734i    0.2209-0.0687i    -0.3654+0.7617i    0.1165-0.279i
	0.682+0.3864i      -0.4349+0.1979i    -0.3113-0.0085i    0.1355+0.2046i

	0.2663-0.3807i    -0.0548-0.1704i    -0.1334+0.6523i     0.527+0.176i
	-0.0278+0.654i     -0.5421+0.2316i   -0.4443+0.0596i    0.1428-0.0523i

	0.3714+0.1164i   -0.2134+0.3388i    0.1225+0.2758i     -0.7398+0.2234i
	-0.1467+0.6878i   -0.2674+0.1785i   -0.1723+0.3663i    0.1277+0.4711i

	0.1216-0.537i     -0.0764-0.2757i    -0.3015+0.0669i     -0.7202+0.0299i
	0.4229-0.576i        0.411+0.0295i      0.1824+0.2432i     0.417-0.2307i

	0.212+0.2656i   -0.633-0.5417i       0.1693-0.398i         0.0549+0.0147i
	-0.1062-0.3379i   -0.1145-0.1416i     0.7577+0.0774i     0.4096-0.3057i

	-0.148+0.4161i   0.1072+0.5946i    0.1729+0.301i        -0.1189-0.5525i
	-0.3009-0.4003i   -0.5465+0.6044i     0.1188+0.1732i     0.1014-0.1756i


Table 2-4: Example of target average received powers and GWBE sequences (Spreading factor = 4, User number = 24, Group number = 2, Received power offset = 6dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	0.2354 + 0.5646i  -0.1526 - 0.1296i   0.1781 - 0.3768i  -0.6419 + 0.0054i
	-0.5000 - 0.0000i   0.5000 + 0.0000i   0.5000 - 0.0000i  -0.5000 + 0.0000i

	  -0.1130 + 0.2271i  -0.1107 + 0.0689i  -0.6977 + 0.2175i   0.2212 + 0.5793i
	  -0.2099 - 0.1509i  -0.8030 - 0.0071i   0.2083 + 0.2336i   0.3498 + 0.2606i

	   0.6387 - 0.0944i  -0.5080 - 0.2692i  -0.1998 + 0.2690i  -0.3450 - 0.1461i
	  -0.0383 - 0.3673i  -0.0295 + 0.1670i  -0.2382 + 0.5494i   0.0230 - 0.6898i

	  -0.1511 - 0.5226i   0.3335 - 0.0764i  -0.3400 - 0.1892i   0.4014 - 0.5239i
	   0.0073 + 0.4204i  -0.7240 - 0.2453i  -0.3408 - 0.2421i   0.1700 - 0.1875i

	   0.3447 + 0.0452i  -0.5179 + 0.0485i   0.3942 + 0.6213i  -0.0360 - 0.2566i
	  -0.5153 + 0.2372i  -0.5671 - 0.2603i  -0.3610 + 0.1357i   0.0472 - 0.3713i

	  -0.6091 - 0.0393i  -0.0414 + 0.0553i   0.4453 + 0.1947i  -0.3492 + 0.5144i
	  -0.4472 - 0.4218i  -0.1215 + 0.4971i  -0.2053 - 0.4673i  -0.2348 - 0.2111i

	  -0.3296 + 0.1364i  -0.3206 - 0.1189i   0.1847 - 0.4123i   0.6342 + 0.3867i
	  -0.4905 - 0.1737i   0.7166 + 0.2764i  -0.1394 - 0.0096i  -0.0484 - 0.3429i

	  -0.5807 + 0.2676i  -0.6652 - 0.0127i  -0.0572 + 0.0840i   0.3174 - 0.1937i
	  -0.5033 - 0.3447i  -0.1423 + 0.1119i  -0.7423 - 0.1501i   0.1301 - 0.0674i

	   0.4721 + 0.3366i   0.3614 - 0.6634i   0.1651 + 0.0624i  -0.2478 + 0.0243i
	   0.1888 + 0.1449i  -0.0567 + 0.2538i  -0.4490 - 0.3448i  -0.6379 + 0.3852i

	  -0.0512 - 0.2939i   0.6281 - 0.6941i   0.0877 + 0.1395i   0.0792 + 0.0368i
	  -0.1148 + 0.2097i   0.2934 - 0.2600i  -0.4004 - 0.5754i  -0.5238 + 0.1530i

	   0.5331 - 0.0903i  -0.0970 - 0.0078i  -0.1863 - 0.7571i  -0.0346 - 0.2986i
	   0.1984 + 0.4007i   0.2256 - 0.4530i  -0.6065 + 0.2636i   0.0895 - 0.3141i

	   0.0625 + 0.5260i   0.1482 + 0.3417i  -0.3494 + 0.3553i  -0.1186 + 0.5642i
	   0.0269 + 0.0096i  -0.0254 + 0.0106i  -0.5861 - 0.0994i  -0.7554 + 0.2727i



(3) Spreading factor = 2, Group number = 3, Received power offset = 3dB
Table 3-1: Example of target average received powers and GWBE sequences (Spreading factor = 2, User number = 6, Group number = 3, Received power offset = 3dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	0.5311 + 0.6992i  -0.1493 - 0.4547i
	0.2054 - 0.9779i  -0.0070 + 0.0375i
	 -0.7071           -0.7071 

	-0.0849-0.0367i  -0.7384 + 0.6680i
	-0.3221 -0.7112i   0.1359 - 0.6099i
	0.2037 - 0.3507i   0.9058 - 0.1225i



(4) Spreading factor = 4, Group number = 3, Received power offset = 3dB
[bookmark: _Hlk528926952]Table 4-1: Example of target average received powers and GWBE sequences (Spreading factor = 4, User number = 12, Group number = 3, Received power offset = 3dB)
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB
	Sequences for target average received power  in dB

	0.1760 - 0.4531i  -0.2837 - 0.0487i  -0.5757 + 0.2435i  -0.4960 - 0.2098i
	0.4733 - 0.6011i   0.0428 + 0.0304i  -0.0707 + 0.1243i   0.4493 + 0.4354i
	-0.5000 + 0.0000i  -0.5000 + 0.0000i   0.5000 - 0.0000i   0.5000 + 0.0000i

	   0.0131 + 0.6966i  -0.0096 + 0.0533i   0.1189 + 0.3012i  -0.0145 - 0.6376i
	   0.1821 + 0.3123i   0.6199 + 0.2429i   0.0529 - 0.4771i   0.1381 + 0.4201i
	   0.3248 - 0.3739i   0.0621 - 0.0678i  -0.5821 + 0.3519i   0.2987 - 0.4409i

	   0.0115 + 0.0961i   0.7389 - 0.2140i   0.0471 + 0.6214i   0.0668 - 0.0769i
	   0.3775 + 0.2532i  -0.5215 - 0.1800i  -0.3367 + 0.1037i   0.6040 - 0.0139i
	   0.2852 + 0.0470i  -0.0688 + 0.3992i  -0.1853 + 0.0583i   0.7401 - 0.4084i

	  -0.1457 - 0.5634i   0.3483 + 0.2284i   0.2358 - 0.5675i   0.0773 - 0.3228i
	  -0.0056 - 0.3525i   0.0356 - 0.8402i   0.2932 + 0.1060i   0.2438 - 0.1088i
	  -0.1450 + 0.1688i  -0.1684 - 0.4782i  -0.4379 - 0.2632i  -0.4683 + 0.4617i


4 Performance of basic transmitter side data processing units
The transmitter side design of NOMA schemes can be represented in Fig 2. In this Section, performance evaluation results will be given for comparison.


Figure 2 Transmitter side data processing for NOMA
4.1 [bookmark: _Hlk525655913]UE-specific bit-level data processing
The performance of bit-level data processing schemes with case 3 (6 UE) is shown in Fig. 3. The same ESE receiver with 5 outer iterations are used. It can be seen that the performance of bit-level scrambling and bit-level interleaving is similar.
[image: ]
Figure 3 Performance of bit-level scrambling and bit-level interleaving
[bookmark: _Hlk525660309]Observation 1: UE-specific bit-level scrambling and UE-specific bit-level interleaving designs have similar BLER performance.
4.2 UE-specific symbol-level spreading
The performance of symbol-level spreading schemes with case 1~4 (12 UE) is shown in Fig. 4. The same kind of MMSE-SIC receivers are used. It can be seen that for the cases with low spectral efficiency, all the symbol-level spreading schemes show similar performance. For the cases with high spectral efficiency, UGMA shows the best performance.
[image: ] [image: ]
[image: ] [image: ]
Figure 4 Performance of symbol-level spreading by MMSE-SIC receivers
Observation 2: By MMSE-SIC receivers, for the cases with low spectral efficiency, all the symbol-level spreading schemes show similar performance. For the cases with high spectral efficiency, UGMA show the best performance.
4.3 UE-specific symbol-level scrambling
[bookmark: _Hlk525645436]The PAPR performance of symbol-level scrambling scheme and the spreading scheme with case 4 (6 UE) is shown in Fig. 5. It can be seen that symbol-level scrambling can reduce the PAPR significantly.
[image: ] 
Figure 5 PAPR performance of symbol-level scrambling schemes
Observation 3: Symbol-level scrambling can reduce the PAPR significantly.
4.4 UE-specific power assignment
The performance of different schemes with or without UE-specific power assignment with case 3 (16 UE) are shown in Fig. 6. It can be seen that for the cases with high spectral efficiency, UE-specific power assignment can improve the performance significantly.
[image: ] [image: ]
(a) BLER of SCMA with user grouping                      (b) BLER of RSMA with user grouping
Figure 6 Performance of different schemes with or without UE-specific power assignment
Observation 4: For the cases with high spectral efficiency, UE-specific power assignment can improve the performance significantly.
4.5 Comparison between bit-level data processing and symbol-level spreading
As bit-level data processing design and symbol-level spreading are two main categories of NOMA transmission schemes. In this subsection, we show the performance comparison between bit-level data processing and symbol-level spreading.
The performance of NOMA schemes with case 3 (6 UE) are shown in Fig. 7. ESE receivers are used for bit-level data processing, and MMSE-SIC receivers are used for symbol-level spreading. Similar receiver complexity is assumed for fair comparison. It can be seen that with for similar receiver complexity, symbol-level spreading has better BLER performance.
 [image: ]
Figure 7 Performance of bit-level data processing and symbol-level spreading
Observation 5: With similar receiver complexity, symbol-level spreading provides better BLER performance than bit-level data processing.
Based on the above results, we have the following proposals.
Proposal 1: Adopt power assignment for NOMA.
Proposal 2: Adopt symbol-level spreading as one part of transmission design for NOMA.
5 Conclusion
In this contribution, we comparison different NOMA schemes by evaluation results. According to the discussions, we have the following Observations and Proposals:
Observation 1: UE-specific bit-level scrambling and UE-specific bit-level interleaving designs have similar BLER performance.
Observation 2: By MMSE-SIC receivers, for the cases with low spectral efficiency, all the symbol-level spreading schemes show similar performance. For the cases with high spectral efficiency, UGMA show the best performance.
Observation 3: Symbol-level scrambling can reduce the PAPR significantly.
Observation 4: For the cases with high spectral efficiency, UE-specific power assignment can improve the performance significantly.
Observation 5: With similar receiver complexity, symbol-level spreading have better BLER performance than bit-level data processing.
Proposal 1: Adopt power assignment for NOMA.
Proposal 2: Adopt symbol-level spreading as one part of transmission design for NOMA.
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