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1 Introduction
In the Rel-14 study item (SI) of NR, many uplink non-orthogonal multiple access (NOMA) schemes were proposed. The link-level/system-level simulation (LLS/SLS) results were summarized in [1], which showed that “NOMA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation.” 
The agreements made in 3GPP RAN1 #86 are listed as:
· [bookmark: OLE_LINK2]NR targets to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:
· Codebook/Codeword
· Sequence
· Interleaver and/or mapping pattern
· Demodulation reference signal
· Preamble
· Spatial-dimension
· Power-dimension
· Others are not precluded
2 NOMA with user grouping
The study of downlink multi-user superposition transmission (DL MUST) in Rel-13 has proved that power combined with successive interference cancellation (SIC) receiver can provide significant throughput gain [2]. Considering the near-far effect, power difference is a natural phenomenon in wireless networks. To further study the benefit of power difference, power-dimension is studied during Rel-14 NR SI. However, due to the limited time, even though power- dimension is included one of MA signatures, it has not been fully exploited in the Rel-14 study item of NR. During the Rel-15 NOMA SI, it can be further designed for performance enhancement.
[bookmark: OLE_LINK12]Proposal 1: Power-dimension should be further studied for uplink NOMA for performance enhancement.
2.1 Enhancements of NOMA schemes
[bookmark: OLE_LINK7]As the most commonly used receiver by uplink NOMA schemes, SIC receiver exploits received power differences among multiple users, where users are detected and cancelled from the received signals successively in the order of received powers. The larger difference among the received powers is, the better performance SIC receiver achieves. So, enlarging the power differences among users by power control is beneficial for SIC receiving and hence performance enhancement. 
To further exploit power in uplink NOMA, different from existing NOMA schemes usually assuming equal average received power, the received powers of multiple users in this contribution are divided into multiple levels as shown in Figure 1. Then, users are divided into multiple groups based on the average receiver powers, where users having identical and different average received powers are classified into one user group and different user groups, respectively. In this case, the SIC order depends on not only short-term variations but also the multi-level average received powers. With the help of multi-level average received powers, the receiver obtains more opportunities on interference cancellation and better performance.


[bookmark: _Ref503190977]Figure 1  Illustration of multi-level average received powers and user grouping
The proposed enhancement of multi-level average received powers can be combined with all existing NOMA schemes. MA signature in existing NOMA schemes , e.g., sequence, codeword and mapping pattern, etc., is modified as a set of power and existing MA signature  as shown in Figure 1. This combination provides more opportunities on the signature design for each group. For example, to increase the total number of signatures in the pool, the original signature pool of  can be reused in all the  groups. In this case, the signature pool is enlarged by  times, which will reduce the collision probability in mMTC and increase the connectivity capability. On the other hand, when the connectivity requirement is not very high and the collision probability is not a big issue, reducing intra-group interference is more important for performance enhancement. In this case, the original signature pool of  can be divided into  groups, where the signatures in one group are less interfered. Intra-group and inter-group interference are reduced by signature grouping and multi-level received powers, respectively, which can enhance the performance.
For simplicity, we use NOMA with user grouping to denote NOMA combined with multi-level average received powers and/or signature grouping.  
Proposal 2: Power can enlarge the size of signature pool and should be further discussed.
2.2 Enhancements for NOMA schemes based on spreading sequences
As a large family of NOMA schemes, NOMA based on spreading sequences can achieve good tradeoff between performance and complexity based on the results in [1]. 
2.2.1 Optimal sequences design under unequal received power
[bookmark: _Hlk503543632]For equal received power, optimal sequences minimizing total squared correlation (TSC) 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 [3], sequences meeting welch-bound equality (WBE), i.e., , are optimal and are called as WBE sequences. 
However, for unequal received powers, the weighted TSC instead of TSC matters and 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 [4].
[bookmark: OLE_LINK1]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.
Observation 1: Sequences achieving generalized welch-bound equality are capacity optimal.
2.2.2 Sequence grouping
For any sequences pool with L sequences, based on the analysis in Section 2.1, the sequences pool can be divided into G groups for interference reduction and performance enhancement. For unequal received powers and SIC receiver, only the weighted TSC among sequences in groups with lower received powers matter. Therefore, the optimal sequences in group  should satisfy
[bookmark: OLE_LINK6]                                                ,                                            (2)
[bookmark: OLE_LINK9]where  is composed by sequences for group ,  and  denote the set of sequences indices and average received power of group m, respectively, and  without loss of generality. Based on (2), the sequences for the G groups can be obtained from the original sequence pool . 
However, the optimal sequence grouping in (2) depends on the power offsets. Considering the complexity of implementation and large storage requirement of optimal sequence grouping for any multi-level received powers, we focus on two extreme cases.
(a) Large power offset
[bookmark: OLE_LINK5]When the power offset between adjacent groups is large enough, i.e., , the interference caused by users with lower received power can be neglected. In this case, the sequences with low-correlations should be allocated into one group and problem (2) is approximated as 
                                                             ,                                                               (3)
which indicates that sequences targeting to WBE should be selected into one group. Further considering the priority of G groups in SIC receiving, sequences for group with higher received power should be firstly selected from the pool.
(b) Small power offset
When the power offset between adjacent groups is small, i.e., , the interference caused by users with lower received powers cannot be neglected. In this case, not only the cross-correlations of sequences in the same group matter, but also the cross-correlations of sequences in groups with lower received powers are important. The user with higher SIC order, i.e., larger received power, will suffer interference from more users. To reduce interference, sequences with lower total cross-correlations are allocated into groups with higher received power. Problem (2) is approximated by
                                               ,                                              (4)
where  denotes the index set of users in groups with same and smaller received powers than group .
The structure of transceiver is given in Figure 2, where multi-level received powers and sequences for each group are all pre-defined at the users and BSs. The two sequence grouping results based on (3) and (4) can be both pre-defined at users and BSs and be configurable for any power offset, or only one result of sequence grouping is selected based on the performance and pre-defined at the users and BSs. Therefore, the complexity of sequences grouping can be neglected. Besides, conventional SIC receiver can be used. This indicates that the proposed NOMA enhancements will not increase the complexity of NOMA schemes.
Proposal 3: Sequence grouping based on cross-correlations can be further discussed.


[bookmark: _Ref503197020]Figure 2 Transceiver of NOMA with user grouping
3 LLS evaluation
In order to investigate the gain from NOMA with user grouping, we conduct the link level evaluations. The major simulation parameters are summarized in Table 1. To figure out the performance gain of multi-level received powers and sequence grouping under different NOMA schemes, three signature pools including random complex sequences pool in [5], WBE sequences and GWBE sequences quantized by discrete values in  are evaluated. The spreading factor is 4. To show the gain of proposed enhancements, the system with 16 users, i.e., overloading factor 400%, is evaluated. 
Table 1. Link evaluation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	2 GHz

	Waveform
	CP-OFDM

	Channel coding and MCS
	LTE Turbo with coding rate 1/2, QPSK for NOMA
LTE Turbo with coding rate 2/3, 64 QAM for OMA

	Numerology
	SCS=15kHz, #OS=14

	System bandwidth
	10MHz

	Allocated bandwidth for transmission
	4RBs for NOMA, 1RB for OMA

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

	UE/BS antenna configuration
	1Tx and 2Rx

	Receiver
	MMSE-CWIC


3.1 Fixed signature allocation
In this subsection, the signatures are allocated to each user without collision.
3.1.1 Impacts of multi-level average received powers
To validate the impacts of multi-level received powers, the performances of NOMA with different power offsets and grouping number under three sequences pools without sequences grouping are provided in Figure 3. 
For random complex sequences with pool size 64, the results in Figure 3(a) show that for G=2, i.e., two power levels, BLER reduces with the increase of power offset. This indicates that larger power offset will help to reduce inter-group interference and hence enhance the performance. While for G=4, i.e., four power levels, when average SNR is larger than 15~dB, the BLER reduces with the power offset. However, when average SNR is smaller than 15~dB, BLER firstly reduces and then increases with power offset. The reason is that to maintain the same average SNR, received power of the group with lowest SIC order decreases with the group number G and power offset, which will lead to poor performance even if error propagation is very small.
[image: ][image: ][image: ]
(a) Random complex sequences                    (b) WBE sequences                         (c) GWBE sequences 
[bookmark: _Ref503285235]Figure 3 LLS results for NOMA with multi-level average received powers
Similarly, when power offset is small, such as 1 dB and 3 dB, the received power of the 4th group in NOMA with G=4 is not very low, and multi-user interference (MUI) dominates the performance. Therefore, NOMA with G=4 achieves better performance than NOMA with G=2. While for large power offset, such as 5 dB, the received power of the 4th group in NOMA with G=4 is extremely low in the region of low average SNR and dominates the performance, which results in worse performance than NOMA with G=2.
Same results as random complex sequences in Figure 3(a) can be observed for WBE and GWBE sequences in Figure 3(b) and Figure 3(c), respectively. This indicates that NOMA with multi-level received powers can always enhance the performance of sequence-based NOMA schemes with any sequence pools. However, considering that the average BLER is either dominant by the lowest received power or by the MUI, the optimal number of power levels G and power offset should be selected based on the average SNR and BLER requirement.
Observation 2: NOMA with multi-level average received powers can enhance the BLER performance of existing sequence pools under overloading factor 400%.
Proposal 4: NOMA with multi-level received powers should be considered as the candidate technique in Rel-15 NOMA SI.
3.1.2 Impacts of sequence grouping
[bookmark: OLE_LINK11]The impacts of sequence grouping on BLER are given in Figure 4(a) and  Figure 4(b) for random complex sequences and WBE sequences, respectively.
[image: ]   [image: ]
(a) Random complex sequences                                         (b) WBE sequences
[bookmark: _Ref503286272]Figure 4 LLS results for NOMA with multi-level average received powers and sequence grouping
For random complex sequences in Figure 4(a), sequence grouping for large power offset (LPO) and small power offset (SPO) can always enhance the performance. The SNR gain increases with the reduction of BLER, i.e., the proposed NOMA scheme can enhance the performance especially in the scenarios with high reliability requirement.
For WBE sequences, the cross-correlations and sum cross-correlations are close with each other. Therefore, sequence grouping has nearly no performance gain for WBE sequences as shown in Figure 4(b). 
Furthermore, we can find that proposed NOMA scheme can achieve more than 10~dB SNR gain at 0.1 BLER target compared with OMA for both random complex sequences and WBE sequences. Besides, the proposed NOMA scheme can achieve lower BLER requirement such as 0.01 when existing NOMA schemes have error floors.
[bookmark: OLE_LINK15]Observation 3: Sequence grouping can be combined with existing sequences for performance enhancement. 
Proposal 5: Signature grouping combined with multi-level received powers should be considered as the candidate technique for further performance enhancement.
Proposal 6: Sequences meeting generalized welch-bound equality (GWBE) should be considered as one candidate of sequence pools for NOMA.
3.2 Random signature selection
To verify the impacts of signature collision in grant-free transmission, NOMA with random signature selection is evaluated in this subsection. For NOMA with multi-level received powers, a set composed by power and sequence is defined as a signature. To reduce collision, the sequence pool is reused in all user groups, i.e., if G multi-level powers are considered and the size of sequence pool is L, the size of signature pool becomes GL.
[image: ]
[bookmark: _Ref505841768]Figure 5 BLER vs. SNR under different size of signature pool, 16 UE and WBE sequences
The impacts of size of signature pool on BLER performance are evaluated in Figure 5, where L and G denote the number of sequences and powers, respectively, and PO denotes power offset between adjacent groups or power levels. For simplicity, we use L as the size of sequence pool and GL as the size of signature pool in the sequel. Then, it can be found that the case of L=8 and G=2 has same number of signatures with the case of L=16 and  G=1. 
Firstly, for given number of users, BLER reduces with the number of sequences and signatures, which indicates that large number of signatures can reduce the collision probability and hence enhance the performance. Besides, for any L, NOMA with multi-level received powers (i.e., G=2) can achieve better BLER performance than conventional NOMA (i.e., G=1). This indicates that multi-level received powers (i.e., NOMA with user grouping) can increase the signature pool size and enhance the performance of grant-free transmission. 
For any signature pool size GL, when L is small or medium, e.g., L=8, 16 and 32, increasing the number of sequences is better than increasing the number of powers with respect to BLER performance and the performance gain reduces with L. This can be found from the curve in blue (L=16, G=1) vs. dashed curve in red (L=8, G=2), curve in green (L=32, G=1) vs. dashed curve in blue (L=16, G=2), and curve in pink (L=64, G=1) and dashed curve in green (L=32, G=2) in Figure 5. When L is large, e.g., L=64 and 128, increasing the number of powers is better than increasing the number of sequences with respect to SNR gain especially at low BLER target, e.g., 10-2, which can be observed from the curve in black (L=128, G=1) and dashed curve in pink (L=64, G=2). This is because when L is large, the total squared correlation (TSC) of WBE sequences L2/N is also large, in which case the performance is limited by interference caused by high cross-correlations instead of collision. Therefore, the signature design for grant-free transmission should consider both collision probability and cross-correlations.
Proposal 7: Signature design for grant-free transmission should consider both collision probability and cross-correlations and should be further discussed.
4 Conclusion
In this contribution, we provide two enhancements for NOMA schemes, one candidate sequence pool and LLS evaluation results. According to the discussions, we have following proposals and observations:
Proposal 1: Power-dimension should be further studied for uplink NOMA for performance enhancement.
Proposal 2: Power can enlarge the size of signature pool and should be further discussed.
Observation 1: Sequences achieving generalized welch-bound equality are capacity optimal.
Proposal 3: Sequence grouping based on cross-correlations can be further discussed.
Observation 2: NOMA with multi-level average received powers can enhance the BLER performance of existing sequence pools under overloading factor 400%.
Proposal 4: NOMA with multi-level received powers should be considered as the candidate technique in Rel-15 NOMA SI.
Observation 3: Sequence grouping can be combined with existing sequences for performance enhancement. 
Proposal 5: Signature grouping combined with multi-level received powers should be considered as the candidate technique for further performance enhancement.
Proposal 6: Sequences meeting generalized welch-bound equality (GWBE) should be considered as one candidate of sequence pools for NOMA.
Proposal 7: Signature design for grant-free transmission should consider both collision probability and cross-correlations and should be further discussed.
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Appendix
Example for GWBE sequence (Spreading factor = 4, User number = 16, Group number = 2, Received power offset = 5dB)
	[bookmark: OLE_LINK13]Group with high power
	Group with low power

	-0.5	            -0.5	   0.5	             0.5
	0.4366+0.0834i    0.3729-0.3706i    -0.6073-0.2035i    0.1757+0.2914i

	-0.0386+0.2138i   0.5477-0.091i      0.7899+0.1433i    0.0038-0.002i
	0.6049+0.3183i   -0.3409+0.2403i   0.4675-0.0177i    -0.2451+0.2826i

	0.0475-0.6719i     0.0728-0.3902i    0.4635+0.1922i    0.3672+0.0455i
	0.0633+0.8829i   -0.1351+0.3262i   -0.0953+0.231i    -0.0468+0.1649i

	-0.0932-0.4749i    0.3821+0.1393i   -0.0877+0.276i   -0.5223+0.4936i
	-0.4987-0.3157i   0.5342+0.4746i    -0.2544-0.1005i    -0.1942+0.1686i

	-0.0104+0.1172i   0.3395+0.7072i   0.3362-0.1787i    0.2848-0.3804i
	-0.2303-0.0329i   0.004+0.6548i     -0.5444+0.3375i     0.291+0.1489i

	0.3258-0.0071i    -0.3448+0.2276i   0.1006-0.5392i   -0.296-0.5785i
	0.1572-0.0541i   -0.2771-0.2296i    -0.3337+0.2357i     0.3518+0.7431i

	0.2991+0.2709i   -0.1557+0.534i    -0.5162+0.0189i   0.4313-0.2737i
	-0.2402-0.3283i   0.0740-0.2029i    0.6587+0.1309i     -0.3911+0.4289i

	-0.4171+0.5515i   0.2562-0.1647i   -0.3763-0.2044i   -0.1923-0.4569i
	0.1833-0.0515i    0.2091-0.4937i    -0.1992-0.3548i      0.3607-0.6169i



Example for GWBE sequence (Spreading factor = 4, User number = 16, Group number = 2, Received power offset = 3dB)
	Group with high power
	Group with low power

	-0.5	             0.5	       0.5            	-0.5
	0.3349+0.1784i     0.4902+0.3773i     0.2914-0.1234i    -0.5138+0.3304i

	-0.1686+0.2473i   -0.1919+0.3074i   -0.5035+0.0109i    0.1783-0.7026i
	0.07550-0.2980i    0.3861+0.2608i   -0.4314+0.4422i    -0.199+0.5169i

	-0.1661+0.6821i    0.3131-0.4125i     0.2824-0.1383i     0.2771-0.2515i
	-0.1001+0.5017i   -0.3536+0.6472i   -0.1911+0.1806i    0.3276+0.1338i

	0.1113+0.5688i    -0.2162-0.4211i     0.1563-0.3034i     0.4678-0.3235i
	-0.1549+0.255i    -0.4883+0.1927i     0.4691+0.2476i    -0.1858+0.5652i

	0.5513-0.3133i     0.2634-0.5659i      0.0482+0.3362i    -0.2560-0.1656i
	-0.1745+0.2198i   -0.3047+0.3088i   -0.3620+0.6341i    0.278+0.3502i

	0.6444+0.2356i   -0.3533-0.2733i    -0.3816+0.3888i    -0.007+0.1815i
	0.2875+0.1427i    -0.6106+0.06560i   0.5833-0.289i      0.1544+0.2686i

	0.4823-0.3316i     0.1192-0.01480i   -0.1962-0.3997i     0.1812+0.6418i
	-0.457+0.512i        0.3966+0.0047i    -0.5675+0.0553i   0.0702+0.2039i

	-0.3654+0.3363i   0.4181-0.1927i    -0.01240-0.4305i    0.5901-0.0881i
	-0.3005-0.5931i   -0.0965+0.0677i     0.241+0.2658i      0.289-0.576i
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