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1 Introduction
In RAN1 #85, the scenarios for 5G NR multiple access schemes were discussed and the following characteristics and study issues for autonomous/grant-free/contention based UL non-orthogonal multiple access have been agreed as follows:

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
It has been also agreed that NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB. 
(Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment).
2 Discussion
In RAN1 #84bis and #85, a variety of 5G NR multiple access (MA) schemes were presented, and most of them have shown that the performance of their schemes outperforms that of conventional orthogonal multiple access (OMA) scheme through LLS results. Among those 5G NR MA schemes, some of them can be considered as low density signature (LDS)-based MA schemes, i.e., SCMA [1], PDMA [2], and LDS-SVE [3]. For LDS-based MA schemes, the information bits of one independent transmitted layer are carried by a spreading signature vector, which has a low-density structure, namely, some elements of the vector are zeros.  Therefore, the spreading signature vectors used by all simultaneously transmitted layers form a spreading signature matrix, where the vectors are arranged column-wise.
In this contribution, we will evaluate the spreading signature matrix in LDS-based MA schemes. Simulation assumptions and parameter settings can be found in Appendix.
2.1 Resource mapping type
Considering different resource mapping units and allocation patterns, there exist four ways of mapping spreading signature vectors onto physical resources. The resource mapping unit can be either subcarrier level or RB level and the allocation pattern can be either localized or distributed, which leads to a total of four combinations. In this contribution, the four resource mapping types are named as subcarrier-localized, subcarrier-distributed, RB-localized and RB-distributed respectively as listed below. Also noticed in RAN1 #85, subcarrier-localized type has been investigated in [1] and [3], RB-localized type in [3] and RB-distributed type in [2], while only the types were named in a different way.
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(a). Subcarrier-localized type
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(b). Subcarrier-distributed type
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(c). RB-localized type
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(d). RB-distributed type
Figure 1 Resource mapping types
2.2 Receiver complexity 

Attributing to the low density structure of spreading signature matrix, simple belief propagation (BP) algorithm at receiver can be used by the LDS-based MA schemes to approach MAP performance. In [4] and [5], the complexity of BP receiver has been analyzed and it mainly depends on the number of iterations, the spreading signature matrix, and the modulation order. The receiver complexity can be expressed as
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row in spreading signature matrix, as well as 
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 for modulation order. In this contribution, 
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are assumed as constant in order to evaluate the effect of spreading signature matrix. In next subsection, the performance analysis on spreading signature matrices of the same or different receiver complexity will be provided.

2.3 Performance analysis on spreading signature matrix 

In this subsection, we focus on the uplink link level performance of LDS-based MA schemes with different spreading signature matrices. At first, we compare different spreading signature matrices in terms of BLER performance considering BP receiver with the same complexity in Figures 2 to 4, and then the case with different complexity is investigated in Figure 5. Figures 2, 3, and 5 present the average BLER performance on all simultaneously transmitted users, while Figure 4 presents the BLER performance for each individual user. 
In Figure 2, four spreading signature matrices with subcarrier-localized resource mapping type are compared in terms of BLER, and the BLER curves with different values of spectral efficiency are respectively shown in subfigures (a)-(c), where the parameter settings are listed in Table 2 in Appendix. Four different matrices labeled as Type 1-Type4 in Table 2 have the same number of rows 
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, leading to the same BP receiver complexity. However, columns in a spreading signature matrix may have different weights.  For the given 4-length spreading signature vectors in Table 2, the vectors of large column weight (more non- zero elements) can achieve better spreading gain, while the vectors of small column weight (fewer non-zero elements) can achieve better power gain. Therefore, a spreading signature matrix can be designed by taking into account the spreading gain and the power gain among all column vectors comprehensively. 
According to the simulation results in Figure 2, it can be observed that even four different spreading signature matrices hold a variety of spreading and power gain distribution among their column vectors, the LDS-based schemes using such four matrices achieve quite similar BLER performance for any given spectral efficiency in Table 2.
Observation 1
With subcarrier-localized resource mapping type, the BLER performance gaps of LDS-based schemes by using different spreading signature matrices of the same BP receiver complexity are small, for given spectral efficiency.
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(a). 4UE,QPSK,1/2,subcarrier-localized
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(b). 4UE,QPSK,3/4,subcarrier-localized
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(c). 4UE,16QAM,1/2,subcarrier-localized
Figure 2 Comparison of different spreading signature matrices 
over different spectral efficiencies
Figure 3 provides the comparison results for four different spreading signature matrices of the same receiver complexity over four resource mapping types as shown in Figure 1. Other parameter settings are listed in Table 3 in Appendix. Four different matrices labeled as Type 1-Type4 in Table 3 have the same number of rows 
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, leading to the same BP receiver complexity. All column vectors have same weight in Type 1, while it is not in Types 2 to 4. When the resource mapping type changes from subfigures (a) to (d), it can be observed that the BLER performance gaps of LDS-based schemes by using four different spreading signature matrices slightly change.
Observation 2 
The BLER performance gaps of LDS-based schemes by using different spreading signature matrices under the same BP-DD receiver complexity are related to resource mapping type.
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(a). QPSK, 1/2, subcarrier-localized
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(b). QPSK,1/2, subcarrier-distributed
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(c). QPSK,1/2, RB-localized
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(d). QPSK,1/2, RB-distributed
Figure 3 Comparison of different spreading signature matrices 

over different resource mapping types

Figure 4 provides the comparison results among all users given a signature matrix over four resource mapping types as shown in Figure1. The parameter settings of Figure 4 are the same as Figure 3 listed in Table 3. In Figure 4, the performance for a total of six users using Type 3 spreading signature matrix 
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is investigated. Each of six users uses one spreading signature vector following the order from left to right. Therefore, user 4, 5, and 6 own the same number of element ‘1’ in their spreading signature vectors. It can be observed from the simulation results that user 4, 5, and 6 achieve similar BLER performance in each of four resource mapping types.
Observation 3

Among the UEs which are spread and superposed by a certain spreading signature matrix, the ones using spreading signature vectors with equal number of non-zero elements hold similar BLER performance.
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(a). Type3, subcarrier localized
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(b). Type3, subcarrier distributed
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(c). Type3, RB localized
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(d). Type3, RB distributed

Figure 4 BLER performances of different users 
             using one spreading signature matrix
Different from Figures 2 to 4, where the spreading signature matrices have the same receiver complexity, the case of different receiver complexities is investigated in Figure 5. As given in Table 4, the complexity order of three spreading signature matrices holds as complexity 1 < complexity 2 < complexity 3, namely, Type1 spreading signature matrix has the lowest complexity. Furthermore, it can be also found from Table 4 that all column vectors of Type 2 have the same weight, while Type 1 and Type 3 are not. It can be observed that the BLER performance achieved by Type1 spreading signature matrix outperforms that of both Type 2 and Type 3. This indicates that spreading signature matrix can be designed to achieve both high performance and low receiver complexity at the same time.
Observation 4
The spreading signature matrix with unequal column weight is able to achieve both low receiver complexity and high performance gain.
According to the discussion in the above, we are able to summarize a proposal as below:
Proposal1 

Spreading signature matrix in LDS-based MA schemes should be designed to achieve both high performance gain and low receiver complexity. 
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Figure 5 Comparison of spreading signature matrices 

of different receiver complexity

3 Conclusions
In this contribution, we present our performance analysis on the effect of spreading signature matrix for LDS-based MA schemes. According to the above discussion, we have the following observations:
Observation 1
With subcarrier-localized resource mapping type, the BLER performance gaps of LDS-based schemes by using different spreading signature matrices of the same BP receiver complexity are small, for given spectral efficiency.
Observation 2 

The BLER performance gaps of LDS-based schemes by using different spreading signature matrices under the same BP-DD receiver complexity are related to resource mapping type.
Observation 3

Among the UEs which are spread and superposed by a certain spreading signature matrix, the ones using spreading signature vectors with equal number of non-zero elements hold similar BLER performance.
Observation 4
The spreading signature matrix with unequal column weight is able to achieve both low receiver complexity and high performance gain.

Proposal1 

Spreading signature matrix in LDS-based MA schemes should be designed to achieve both high performance gain and low receiver complexity. 
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Appendix: Simulation Assumptions 
Table 1 Uplink common simulation parameters
	Parameters
	Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Number of used PRBs
	12 PRBs

	Antenna configuration
	1Tx, 2Rx, uncorrelated antennas

	User SNR distribution
	Long term received SNR of multiple users are equal

	Channel model
	TDL-C 300ns

	UE speed
	3 km/h

	Channel estimation
	Ideal

	HARQ
	Not Modeled

	Receiver
	BP receiver (inner:3 iterations, outer:3iterations)


Table 2 Parameter settings of Figure 2

	Parameters
	Assumptions

	Overloading
	100%

	Target spectral efficiency per user
	QPSK,1/2 coding rate: 0.25bps/Hz

QPSK,3/4 coding rate: 0.375bps/Hz

16QAM,1/2 coding rate: 0.5bps/Hz
QPSK:
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	Spreading signature matrix
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	Receiver complexity
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	Resource mapping type
	Subcarrier-localized


Table 3 Parameter settings of Figures 3 and 4

	Parameters
	Assumptions

	Overloading
	150%

	Target spectral efficiency per user
	QPSK,1/2 coding rate: 0.25bps/Hz (
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	Spreading signature matrix
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	Receiver complexity
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	Resource mapping type
	Subcarrier-localized, Subcarrier-distributed,

RB-localized, RB-distributed.


Table4 Parameter settings of Figure 5
	Parameters
	Assumptions

	Overloading
	200%

	Target spectral efficiency per user
	QPSK,1/2 coding rate: 0.25bps/Hz (
[image: image44.wmf]2

M

=

)

	Spreading signature matrix
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Type 1: 
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	Receiver complexity
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Complexity 1 of  Type 1:
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	Resource mapping type
	Subcarrier-localized
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