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Introduction
[bookmark: _Ref228947482]During the last two RAN1 meetings, many non-orthogonal multiple access (MA) schemes have been proposed. Some of them can be categorized as a LDS (low density spreading) type of MA, which includes but is not limited to SCMA [1], PDMA [2], and IGMA [3]. In [4], we also discussed some design aspects based on the LDS structure, and initial simulation results were provided. Basically, a method of low density spreading-signature vector extension (abbreviated as LDS-SVE [5]) has been proposed in [4]. In this contribution, more details about the method of LDS-SVE are introduced and further LLS results are provided.
LDS-SVE (Low Density Spreading – Signature Vector Extension)
LDS-SVE is a LDS type of MA scheme. The processing flow at the transmitter is given by Figure 1. The dashed block shows the major functionality modules for LDS-SVE. After modulation, the modulated symbols are split into two streams by serial-to-parallel transformation. Signature vector extension is then performed by multiplying a matrix  onto two parallel symbols. The output is in a vector form, and it will be mapped onto physical REs in a RB-sparse LDS manner. Finally, OFDM signal is generated as in LTE. Assume conventional spreading methods (such as LDS CDMA in [7]) spread  and  onto  non-zero REs each. Compared with it, LDS-SVE will jointly transform and spread  and  onto  REs, which can be seen as a type of signature vector extension.
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[bookmark: _Ref458708247]Figure 1 Transmitter processing of LDS-SVE


Let ,  denote taking the real and imaginary parts respectively, and define , i.e., assume scalar symbols  and  are jointly spread onto 4 non-zero REs. The input-output relationship of the “signature vector extension” module can be mathematically expressed as

.           (1)
According to optimization,  is chosen as 

                                     .                                                                      (2)
From Figure 1, RB-sparse LDS structure and signature vector extension are two major characteristics of LDS-SVE, which will be further elaborated in the following. In this section, LDS-SVE will be introduced by comparing with LDS CDMA [7] which is a conventional LDS type of MA.
· RB-sparse LDS structure
Figure 2 shows the RB-sparse LDS structure by comparing with RE-sparse LDS. For illustration purposes, the definitions of RB and RE follow the LTE convention. As it is a LDS type of MA, the colored REs carry signals but the white REs are left empty. The 4th and 11th OFDM symbols are used for the DM-RS as in LTE. 
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a) RE-sparse LDS structure                                                                      b) RB-sparse LDS structure
[bookmark: _Ref458071478]Figure 2 RB-sparse LDS v.s. RE-sparse LDS
The difference between these two LDS structures comes from how the signature vectors are mapped onto physical REs. Taking user 5 as an example, Figure 3 shows these two different RE mappings. For the LDS type of MA, a user transmits information bits by sending signature vectors (or sparse codes) such as “Vec1” and “Vec2” in Figure 3. Following the LTE convention, signature vectors will be mapped in increasing order of first the subcarrier index and then the OFDM symbol index, which results in RE-sparse LDS as in Figure 3 a). As for RB-sparse LDS, signature vectors are mapped in increasing order of first the RB index, then the subcarrier index, and third the OFDM symbol index as shown in Figure 3 b).
[bookmark: _Ref446406683][bookmark: _Ref450050578][image: ]
a) RE mapping of RE-sparse LDS                                                  b) RE mapping of RB-sparse LDS
[bookmark: _Ref458082008]Figure 3 RE mapping illustration for different LDS structures
Following this newly defined RE mapping, Figure 4 shows another example when more RBs are allocated. As RE mapping is first along RBs, signature vectors “Vec1” and “Vec2” will be mapped onto different RBs.
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[bookmark: _Ref450050592]Figure 4 RE mapping illustration for RB-sparse LDS
The rationale behind RB-sparse LDS is as follows. Firstly, the non-zero symbols within signature vectors are more separated in frequency domain, which provides a possibility to further exploit diversity gain. Secondly, it has a potential to reduce DM-RS collisions. To multiplex more users, the number of DM-RS also has to be scaled which usually causes more DM-RS collisions or interference. For RB-sparse LDS, there is a possibility to not transmit any DM-RS in the “empty” RBs. In this case, actually a form of RB-sparse DM-RS is obtained, and sparsity could be beneficial for reducing inter-DM-RS collisions or interference. This can also be illustrated by using Figure 2. For RE-sparse LDS, in this example there are 6 DM-RS collided or multiplexed per RB. For an equivalent RB-sparse LDS, there are only 3 DM-RS collided within each RB. More discussions on DM-RS can be found in our companion contribution [6].
· Signature vector extension (SVE)
In this subsection, SVE will be illustrated by comparing with LDS CDMA [7]. From Figure 1, SVE is conducted before performing RE mapping to result in RB-sparse LDS. Compared with signature vectors in LDS CDMA, the extension here is equivalently transforming and concatenating two signature vectors into a larger one. The rationale behind it is to exploit more robustness against interference and/or higher diversity order by introducing dependency into two originally independent signature vectors. Figure 5 shows an example of SVE. Here we assume signature vectors are LDS CDMA signal vectors [7], e.g., ,  where s1, s2 are independently modulated symbols. Since SVE does not change the sparse pattern, “0” elements are omitted hereafter and only the compact vectors will be used. Thereby two signature vectors can be denoted in a compact form as ,  in Figure 5, and the SVE output is also a compact vector denoted as . Define xR as a vector obtained by stacking the real and imaginary parts of x. Then xR can be calculated according to equation (1), where  is a real number matrix given by equation (2). Finally, the SVE output  can be recovered from xR. The extended vectors obtained from SVE will be mapped onto REs to generate RB-sparse LDS as previously introduced. By multiplying , the signal components in s1, s2 are copied to more symbols, and RB-sparse LDS spreads replicas onto a wider frequency range. Therefore, potentially higher diversity can be exploited. 
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[bookmark: _Ref446409883]Figure 5 An example of signature vector extension
Initial Simulation Results
Simulation assumptions are given in the Appendix. Three MA schemes are evaluated including OFDM, LDS-SVE and SCMA. An overload factor of 150% is set for LDS-SVE and SCMA. For all the MA schemes, the same spectrum efficiency is always assumed for each user.
· OFDM
It is provided as a baseline. 4 users are multiplexed within all the RBs. The same number of RBs allocated to each user. QPSK is assumed considering mMTC application. The number of multiplexed users is set to 4.
· LDS-SVE

6 users are multiplexed with RB-sparse LDS. Equivalently, SVE can be seen as being performed onto LDS CDMA vectors ,  where s1, s2 are QPSK symbols. In simulation,  is used to obtain the transformation matrix . The number of multiplexed users is 6.
· SCMA
6 users are multiplexed with RE-sparse LDS. SCMA with 4 point [8], 8 point and 16 point [1] codebooks are simulated. To maintain the same spectrum efficiency per user, SCMA codebooks with different sizes will have different code rates. The number of multiplexed users is 6.
Results showing BLER and the corresponding throughput are given from Figure 6 to Figure 12 for several channel types, delay spread values and resource allocations. 
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[bookmark: _Ref458587556]Figure 6 TDL-C 300ns, 3km/h, 12RB
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Figure 7 TDL-C 300ns, 3km/h, 12RB
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Figure 8 TDL-C 300ns, 3km/h, 4RB
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Figure 9 TDL-B 100ns, 3km/h, 12RB
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Figure 10 TDL-B 100ns, 3km/h, 4RB
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Figure 11 TDL-A 30ns, 3km/h, 12RB
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[bookmark: _Ref458587559]Figure 12 TDL-A 30ns, 3km/h, 4RB
Compared with OFDM, non-orthogonal MA schemes (both LDS-SVE and SCMA) have no or marginal BLER performance (BLER@0.1) loss although more users are multiplexed. The overload gain comes from spreading and an advanced receiver. As more users can be supported simultaneously, the total throughput is increased as shown in the figures. Therefore, the following observation can be obtained.
Observation 1: As LDS type of MA, both LDS-SVE and SCMA have performance benefit compared with OFDM.
As shown in the figures, three SCMA codebooks, (i.e. 4 point, 8 point and 16 point) have been simulated. At least for the simulated cases, it can be observed that LDS-SVE achieves similar performance (BLER@0.1 or throughput) with that of the best SCMA codebook. 
Observation 2: At least for the simulated cases, LDS-SVE performs similarly with the best SCMA codebook.
LDS type of MA schemes including LDS-SVE and SCMA have been simulated and compared with OFDM. Simulation results show the performance benefit over OFDM. As a class of MA, LDS type of MA should be further studied for NR. Among possible LDS type of MA schemes, LDS-SVE could be considered as a candidate.
Proposal 1: LDS type of MA should be considered for NR MA schemes.
Proposal 2: Consider LDS-SVE as a candidate for LDS type of MA.
Conclusions
In this contribution, a method of LDS-SVE is introduced as a LDS type of MA scheme. Simulation results are also provided to make a comparison between LDS type of MA and OFDM. According to current LLS results, the following observations are obtained.
Observation 1: As LDS type of MA, both LDS-SVE and SCMA have performance benefit compared with OFDM.
Observation 2: At least for the simulated cases, LDS-SVE performs similarly with the best SCMA codebook.
Based on the observations, the following is proposed.
Proposal 1: LDS type of MA should be considered for NR MA schemes.
Proposal 2: Consider LDS-SVE as a candidate for LDS type of MA.
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Appendix
Table 1 Evaluation parameters – LLS for UL
	Parameters
	Values or assumptions

	Carrier Frequency
	2 GHz

	Waveform
	OFDM

	Channel coding
	Turbo

	Numerology
	Same as Release 13

	System Bandwidth
	10 MHz

	Total allocated bandwidth for transmission
	4RB (0.72MHz), 12RB (2.16MHz)

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

	Target spectral efficiency
Definition: TB size per user / total number of resource elements shared for data transmission
	TB size per user for 4RB case (without CRC): 120 bits, 192 bits
OFDM: code rate 0.5, 0.75; QPSK
LDS-SVE: code rate 0.5, 0.75; based on QPSK vector
SCMA-4 point: code rate 0.5, 0.75
SCMA-8 point: code rate 0.3, 0.5
SCMA-16 point: code rate 0.25, 0.375

TB size per user for 12RB case (without CRC): 408 bits, 600 bits
OFDM: code rate 0.5, 0.72; QPSK
LDS-SVE: code rate 0.5, 0.72; based on QPSK vector
SCMA-4 point: code rate 0.5, 0.72
SCMA-8 point: code rate 0.3, 0.48
SCMA-16 point: code rate 0.25, 0.36

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx

	Transmission mode
	TM1 (refer to TS36.213)

	SNR distribution of Multiple UEs
	4 users multiplexed for orthogonal multiple access (OFDM)
6 users multiplexed for non-orthogonal multiple access
Equal average SNR (short-term variation remains)

	Propagation channel & UE velocity
	TDL in TR38.900, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal 

	Number of multiplexed users
	OFDM: 4
SCMA: 6
LDS-SVE: 6

	Receiver type
	MPA (Message passing algorithm) [7]
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