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1 Introduction

Non-orthogonal multiple access (NOMA) is a technology being studied for future NR releases as it allows multiple users to share time and frequency resources in the same spatial layer via power domain or code domain multiplexing. In Rel-14 NR SI many NOMA schemes were proposed and captured for grant free transmission for mMTC scenarios. In Rel-15 NR SI, decisions were mainly in regard to simulation parameters, and this is still ongoing as an email discussion. In this proposal, we present a mechanism to create a coding scheme pools for NOMA.
2 Discussion

2.1 Method of generating spreading codeIn this paper, we use the Multi-User Interference (MUI) parameter as a criterion for a new NOMA spreading codes evaluation. MUI is calculated using Equation 1. Where [image: image2.png]


 represents the number of code words in a pool, [image: image4.png]


 is a single code word that MUI parameter is evaluated toward. [image: image6.png]


 is the length of the code-word.
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Equation 1 - MUI Parameter Calculation

To create a spreading code, it is first required to set the length of the spreading code. For an [image: image9.png]


-length code, we can create [image: image11.png]


 orthogonal sequences. This will span the space of the spreading code. We will generate the code using complex Hadamard codes in normalized de-phased form. The construction equation is showed as Equation 2 below. Examples for orthogonal complex Hadamard codes can be found in the appendix.
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Equation 2 - Hadamard complex code construction matrix for length-N code

After we create the orthogonal base, we start the creation of the non-orthogonal set. 

First, we construct the hereby defined hyperplanes – we choose pairs of orthogonal vectors from the base set [image: image14.png]


. Each pair of orthogonal vectors defines a hyperplane. Therefore, for a set of [image: image16.png]


 vectors we can define [image: image18.png]k= (")



 orthogonal hyperplanes, as seen in Equation 3. 
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Equation 3 - Number of hyperplanes for an N-orthogonal space

Second, we construct non-orthogonal vectors in each hyperplane. To do so, we need to decide how many non-orthogonal vectors we would like to create. Considering K hyperplanes, N orthogonal sequences and M required sequence pool size, the number of non-orthogonal vectors per hyperplanes [image: image21.png]


 is calculated by Equation 4. Looking at Equation 4 it is seen that there is a flexibility at the size of the sequence pool that is dependent on L. 
Observation 1: Different number of non-orthogonal vectors allows for flexibility on NOMA sequence pool size.
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Equation 4 - Number of sequences per hyperplane

To generate the new sequences, we will generate linear combination in each hyperplane by setting minimum cross correlation between the new vector and its building hyperplanes. This is called the constraint of least projection which is defined by [image: image24.png]min(4, B)



. 
Let us see an example of such an operation. Assume two orthogonal vectors [image: image26.png]


 defined as in Equation 5. It is possible to see that using [image: image28.png]


 and [image: image30.png]


 we create a linear combination to generate the new spreading sequence. To generate [image: image32.png]


 and [image: image34.png]


 we use [image: image36.png]


 for [image: image38.png]L}



 so that: [image: image40.png]


 and 
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.
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Equation 5 - Constructing non-orthogonal vector
Last, we assign the MUI quality figure for each sequence by using Equation 1. We will also look at the standard deviation as a comparison tool.
2.2 Spreading code comparison2.2.1 Spreading Code Examples

Let us look at some examples for such spreading codes. First, we will use a non-orthogonal sequence with parameters specified in Table 1.
	Parameter
	Example1 value
	Example2 value
	Example 3 value

	Orthogonal base (N)
	4
	4
	14

	Number of hyperplanes (K)
	6
	6
	91

	Non-orthogonal vectors per hyperplane (L)
	2
	4
	10

	Total number of sequences (M)
	16
	28
	924

	Cross-correlation average (MUI)
	0.406094
	0.41058
	0.11954

	Standard deviation
	0.052156
	0.042804
	0.009874969


Table 1 – Parameters for spreading code example
For each of the above examples we have created the spreading code and calculated the inner products between the codes. The internal products results can be viewed in Table 6 and Table 7. Because of the number of cells in example 3, we will not attach the results in this contribution; see Table 3 for how the spreading code looks like. Each row in the table is a sequence used in the pool, while each column is another element in the sequence.
After viewing the results in Table 6 and Table 7, we can view in green the average cross-correlation of(?) each sequence. To analyse the results, we would like to see the average cross-correlation from several sequences. First, let us see the result of seeing the available sequence pool size given number of requests per hyperplane. This can be viewed in Figure 1. In Figure 1 each entry in the legend corresponds to a different orthogonal base size (N), so OB4 corresponds to sequences with an orthogonal base of size N=4. The x-axis corresponds to the number of requests per hyperplane (L). 
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Figure 1 - Sequence pools size per orthogonal base and sequences per hyperplane
After viewing the results of sequence length increase per hyperplane, we would like to see how the number of sequence pool effect the sequence quality as defined in the MUI factor in Equation 1. This can be seen in Figure 2. Overall, the average quality of the sequences remains about the same as we add more sequences to the fold. 

Observation 2: By using the proposed sequence generating tool, the quality of the sequences does not decrease as more sequences are added. 
	a1
	a2
	a3
	a4

	1
	1
	1
	1

	1
	0+1i
	-1
	-0-1i

	1
	-1
	1
	-1

	1
	-0-1i
	-1
	0+1i

	1.366
	0.866+0.5i
	0.366
	0.866-0.5i

	1.366
	0.5+0.866i
	-0.366
	0.5-0.866i

	1.366
	0.366
	1.366
	0.366

	1.366
	-0.366
	1.366
	-0.366

	1.366
	0.866-0.5i
	0.366
	0.866+0.5i

	1.366
	0.5-0.866i
	-0.366
	0.5+0.866i

	1.366
	-0.5+0.866i
	-0.366
	-0.5-0.866i

	1.366
	-0.866+0.5i
	0.366
	-0.866-0.5i

	1.366
	-0+0.366i
	-1.366
	-0-0.366i

	1.366
	-0-0.366i
	-1.366
	-0+0.366i

	1.366
	-0.866-0.5i
	0.366
	-0.866+0.5i

	1.366
	-0.5-0.866i
	-0.366
	-0.5+0.866i


Table 2 - N=4, L=2 proposed sequence pool
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Figure 2 - Summary of sequence pool quality per orthogonal base and requested sequences per hyperplane
By combining the effect of overall constant quality factor and the linear increase in number of sequence pool per request it can be observed that this tool allows for flexibility in number of users and traffic control for the network.
Observation 3: The proposed sequence generating tool allows for traffic control and cell management by the network
2.2.2 Comparison of Spreading Codes
For this section we will compare spreading codes that were evaluated and proposed by ZTE in [1]. In ZTE’s contribution a spreading code by Grassmannian and Welch-bounce code for spreading factor = 4 was suggested. This spreading code has a pool size of 8 and may be viewed in Table 3with MUI factor calculation in Table 4. By calculating the total average MUI we reach 0.63 with standard deviation of 0.087.  Looking at the proposed tool results in Table 1, we can see that these results show that our proposed tool for sequence generation yields more sequences with lower MUI factor and a lower standard deviation for the average. 
Vector 1
    

 2                    3                        4                     5                  6                       7                 8

[image: image48.emf]-0.2381-0.8369i -0.6599-0.1222i -0.6557-0.1776i -0.1561+0.0861i -0.1374+0.1275i -0.1849+0.3859i -0.2426-0.2248i -0.1703-0.0604i

-0.2381-0.8369i 0.4906+0.0221i 0.3934+0.2749i -0.3453-0.2068i -0.5596+0.0272i 0.0616+0.0315i -0.3027-0.3133i -0.7664+0.1256i

-0.2381-0.8369i 0.0425+0.3856i 0.044-0.3295i -0.3979+0.0525i -0.5272-0.2195i 0.0649-0.877i -0.2452+0.4427i -0.0149-0.4727i

-0.2381-0.8369i 0.3968-0.025i -0.3444-0.2811i -0.7817-0.1845i 0.2417+0.5162i 0.1956-0.0203i 0.4625-0.4805i 0.0794-0.3663i


Table 3 - Grassmannian non-orthogonal sequence pool suggested by [1]
	Vector 1
	Vector 1
	Vector 1
	Vector 1
	Vector 1
	Vector 1
	Vector 1
	Vector 1

	0.5916
	0.7169
	0.6064
	0.5433
	0.5063
	0.7363
	0.6117
	0.7246


Table 4 - MUI Code calculation for Grassmannian non-orthogonal code

Another comparison can be made to the Welch-bounce non-orthogonal sequence pool. This sequence pool can be viewed in Table 5. Calculating the MUI factor for this we receive a total average MUI of 0.6888 with standard deviation of 0.1049. Again, by looking at Table 1, our proposed tool’s advantage can be seen in examples 1 and 2.
Vector 1
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[image: image49.emf]-0.6617 + 0.1004i   -0.0912 + 0.4191i  0.4151 - 0.3329i 0.2736 - 0.4366i  -0.4727 - 0.1234i  -0.3413 + 0.1257i 0.4216 + 0.1187i  0.4603 + 0.2142i

   0.0953 + 0.4784i   -0.4246 - 0.0859i    0.2554 - 0.3140i    0.5452 + 0.2068i    0.0592 - 0.6432i    0.3671 - 0.1430i   -0.0241 - 0.5620i    0.0048 - 0.4244i

  -0.4233 - 0.1399i   -0.4782 + 0.3752i   -0.3808 - 0.1569i   -0.4690 - 0.2225i    0.3493 - 0.1988i    0.6514 - 0.0660i   -0.4507 + 0.0958i    0.4047 + 0.1601i

  -0.1265 + 0.3153i    0.4936 + 0.1233i    0.6130 - 0.0873i   -0.3399 + 0.0974i   -0.0975 - 0.4161i    0.2174 + 0.4864i   -0.5167 + 0.1116i   -0.4908 + 0.3629i


Table 5 - Welch-bounce non-orthogonal sequence pool suggested by [1]
Observation 4: The MUI criterion shows an advantage of the proposed tool for sequence pool generation
Proposal 1: Include the sequence generating tool in the TR.
3 Conclusion

In this contribution we make the following observations and proposals:

Observation 1: Different number of non-orthogonal vectors allows for flexibility on NOMA sequence pool size.
Observation 2: By using proposed sequence generating tool, the quality of the sequences does not decrease as more sequences are added. 
Observation 3: The proposed sequence generating tool allows for traffic control and cell management by the network

Observation 4:  Using MUI as a comparison tool shows an advantage to using our propsed tool for sequence pool generation
Proposal 1: Include the sequence generating tool in the TR.
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5 Appendix I – Hadamard Code Examples

For [image: image51.png]


 the code is:
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For [image: image54.png]


 the code is:
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6 Appendix II – Inner Product Results

	
	Seq1
	Seq2
	Seq3
	Seq4
	Seq5
	Seq6
	Seq7
	Seq8
	Seq9
	Seq10
	Seq11
	Seq12
	Seq13
	Seq14
	Seq15
	Seq16
	AVG

	Seq1
	1.00
	0.00
	0.00
	0.00
	0.87
	0.50
	0.87
	0.50
	0.87
	0.50
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.32

	Seq2
	0.00
	1.00
	0.00
	0.00
	0.50
	0.87
	0.00
	0.00
	0.00
	0.00
	0.87
	0.50
	0.87
	0.50
	0.00
	0.00
	0.32

	Seq3
	0.00
	0.00
	1.00
	0.00
	0.00
	0.00
	0.50
	0.87
	0.00
	0.00
	0.50
	0.87
	0.00
	0.00
	0.87
	0.50
	0.32

	Seq4
	0.00
	0.00
	0.00
	1.00
	0.00
	0.00
	0.00
	0.00
	0.50
	0.87
	0.00
	0.00
	0.50
	0.87
	0.50
	0.87
	0.32

	Seq5
	0.87
	0.50
	0.00
	0.00
	1.00
	0.87
	0.75
	0.43
	0.75
	0.43
	0.43
	0.25
	0.43
	0.25
	0.00
	0.00
	0.44

	Seq6
	0.50
	0.87
	0.00
	0.00
	0.87
	1.00
	0.43
	0.25
	0.43
	0.25
	0.75
	0.43
	0.75
	0.43
	0.00
	0.00
	0.44

	Seq7
	0.87
	0.00
	0.50
	0.00
	0.75
	0.43
	1.00
	0.87
	0.75
	0.43
	0.25
	0.43
	0.00
	0.00
	0.43
	0.25
	0.44

	Seq8
	0.50
	0.00
	0.87
	0.00
	0.43
	0.25
	0.87
	1.00
	0.43
	0.25
	0.43
	0.75
	0.00
	0.00
	0.75
	0.43
	0.44

	Seq9
	0.87
	0.00
	0.00
	0.50
	0.75
	0.43
	0.75
	0.43
	1.00
	0.87
	0.00
	0.00
	0.25
	0.43
	0.25
	0.43
	0.44

	Seq10
	0.50
	0.00
	0.00
	0.87
	0.43
	0.25
	0.43
	0.25
	0.87
	1.00
	0.00
	0.00
	0.43
	0.75
	0.43
	0.75
	0.44

	Seq11
	0.00
	0.87
	0.50
	0.00
	0.43
	0.75
	0.25
	0.43
	0.00
	0.00
	1.00
	0.87
	0.75
	0.43
	0.43
	0.25
	0.44

	Seq12
	0.00
	0.50
	0.87
	0.00
	0.25
	0.43
	0.43
	0.75
	0.00
	0.00
	0.87
	1.00
	0.43
	0.25
	0.75
	0.43
	0.44

	Seq13
	0.00
	0.87
	0.00
	0.50
	0.43
	0.75
	0.00
	0.00
	0.25
	0.43
	0.75
	0.43
	1.00
	0.87
	0.25
	0.43
	0.44

	Seq14
	0.00
	0.50
	0.00
	0.87
	0.25
	0.43
	0.00
	0.00
	0.43
	0.75
	0.43
	0.25
	0.87
	1.00
	0.43
	0.75
	0.44

	Seq15
	0.00
	0.00
	0.87
	0.50
	0.00
	0.00
	0.43
	0.75
	0.25
	0.43
	0.43
	0.75
	0.25
	0.43
	1.00
	0.87
	0.44

	Seq16
	0.00
	0.00
	0.50
	0.87
	0.00
	0.00
	0.25
	0.43
	0.43
	0.75
	0.25
	0.43
	0.43
	0.75
	0.87
	1.00
	0.44

	AVG
	0.32
	0.32
	0.32
	0.32
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.44
	0.41

	STD
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.05


Table 6 - Inner product results of N=4, L=2
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Table 7 - Inner product results of N=4, L=4
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