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1. Introduction
A new study item on new radio access technology towards future IMT-2020 has been approved in RAN#71. According to [1], the RAN#1 focused areas include

· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
This contribution focuses on the multiple access technology. We give a brief review on non-orthogonal multiple access schemes, and share our views on some design aspects. Link level simulation results for UL multiple access are given to provide initial verification.
2. Multiple Access Technologies
Higher spectrum efficiency is always the target of cellular system design. According to 3GPP TR38.913 [2], user spectrum efficiency gain in the order of 3x IMT-Advanced is considered as a starting point. As more and more MTC/IoT devices are expected to access the cellular system, a connection density of up to 106/km2 has been targeted for massive MTC scenarios [2]. To meet these high demands, non-orthogonal multiple access has been proposed as a complement and/or alternative of current orthogonal multiple access schemes (OFDM/SC-FDMA). 
Non-orthogonal multiple access has been proved to be able to use the whole capacity region for both downlink and uplink channels [3]. Generally, some forms of CDMA also belong to the category of non-orthogonal multiple access. NOMA/MUST in [4] is another well-known non-orthogonal technology, and it is being standardized for LTE downlink towards the target of eMBB. As for massive MTC, new multiple access which can accommodate transmission from more uplink users is required and connection density is usually used as a KPI. Also grant-free transmission is expected to be supported to reduce signalling overhead especially for small-packet types of traffic. Some new multiple access technologies have been proposed during RAN1#84b, e.g., including (but not limited to):

· For UL, Multi-user shared access (MUSA) [5]
· Resource spread multiple access (RSMA) [6]
· Sparse code multiple access (SCMA) [7]
· Pattern defined multiple access (PDMA) [8]
· Non-orthogonal coded multiple access (NCMA) [9]
· Low code rate spreading [10]
· Frequency domain spreading [10]
· Non-orthogonal multiple access (NOMA) [11]
The aforementioned new multiple access technologies can be roughly divided into two categories as shown in Figure 1. One is called low-density signature (LDS) types of multiple access, where LDS means one user is not spread onto all the allocated resources [13]. In this case, inter-user collision/interference can be relieved due to sparse or low density mapping. The other one is called full-length spreading, where one user is spread onto all the resources. In this case, full diversity could be exploited and correlation can be designed.

[image: image1.emf]User 1 User 2 User 3 User 1 User 2 User 3 ... ...

A) LDS types B) Full-length spreading


Figure 1 Categorizing of different new multiple access technologies
3. Multiple Access Design Aspects
For the aforementioned multiple access technologies, one common feature is that one block of independent user information bits are carried by a vector form of signals spread onto more than one resources. To emphasize commonality, the vector signal transmitted by a user is generally called “user signature vector” hereafter. More specifically, these signature vectors could be in any form, e.g., they can be generated by spreading, multi-dimensional constellation or any other transformations. For LDS types of multiple access, some elements of the user signature vector are just set to zero values. 
· User physical RE mapping

Mapping user signature vectors onto physical resources is one design issue on multiple access, and it may depend on the type of signature vector in use. For example, if spreading sequences are used to distinguish users, one signature vector may better to be mapped onto adjacent resources to keep desired correlations among users; if a multi-dimensional constellation such as signal space diversity in [13] is used, one signature vector may be spread onto far apart resources, e.g., different RBs, to further exploit diversity. 
These two types of RE mapping patterns are exemplified below, where only single user is assumed and all the signature vectors belong to it. When there are multiple users to do access, each user will have a following mapping pattern. In Figure 2, user signature vectors are mapped according to LTE principles, i.e., in increasing order of first the subcarrier index, then the OFDM symbol index, starting with the first slot in the subframe. In Figure 3, RE mapping across RBs (also called RE mapping type 1) is newly defined where a user signature vector is mapped in increasing order of first the RB index, then the subcarrier index, third the OFDM symbol index. 
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Figure 2 Traditional RE mapping
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Figure 3 RE mapping across RBs (RE mapping type 1)
LDS types of multiple access can be represented by letting white coloured REs in Figure 2 and Figure 3 denote zero values or empty, and thus the user signature vector becomes a sparse vector. For LDS types of multiple access, the non-zero symbols within a signature vector in Figure 3 is more far apart than that of Figure 2, which may further exploit diversity from channel variation; Also mapping user signature vectors across RBs as in Figure 3 may have a benefit of saving reference signal overhead. If one signature vector is mapped onto adjacent REs as in Figure 2, one user’s non-zero symbols are spread onto all the allocated RBs. In this case, reference signal will be needed in each RB for demodulation. However, if one signature vector is mapped onto different RBs, some RBs are actually left empty for a particular user. As it is not necessary to have demodulation reference signal in these empty RBs, reference signal overhead will be reduced. This is especially beneficial for an overload scenario where reference signal overhead has to be scaled with the increase of multiplexed users. Take the 150% overload case (4 REs multiplexed with 6 users) in Figure 4 as an example, where each user’s signature vector has a different sparse pattern. If using RE mapping in Figure 2, each RB will have 6 users (reference signals) multiplexed. However, if RE mapping in Figure 3 is used, there will be only 3 users multiplexed within each RB.
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Figure 4 An example of multi-user LDS structure
Proposal 1: Consider RE mapping across RBs for LDS(low density spreading) types of multiple access.
· User signature vector extension

To combat inter-user interference or collision, there is actually implicit information dependency i.e., some kind of information replication within one user signature vector. Typically, a user will transmit a block of signature vectors. If dependency can be further introduced among these vectors, it may gain more robustness against inter-user interference or gain higher order of diversity. User signature vector extension is one way to achieve this. The extension can be accomplished by transforming and concatenating e.g. two element signature vectors into a larger signature vector. Assuming LDS type of multiple access, Figure 5 shows an example of user signature vector extension. Define sR as a real number vector obtained by stacking the real and imaginary parts of signature vector 1 s1 and vector 2 s2 into one column. Similarly, define xR as a real number vector obtained by stacking the real and imaginary parts of the extended user signature vector x. User signature vector extension can be achieved by multiplying sR with a transformation matrix U. RE mapping across RBs can still be used to keep the potential of reference signal saving. By multiplying U, the signal component in vector si (i=1, 2) is equivalently copied and spread onto more REs, and thus potentially higher diversity can be exploited. The effectiveness can be verified by the simulation results given in the next section. One alternative way could be designing a larger user signature vector from the first step. However, with signature vector extension, a larger user signature can be readily constructed with element signature vectors, and the extension can be adapted to variation of the number of multiplexed users. 
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Figure 5 An example of user signature vector extension

Proposal 2: User signature vector extension can be considered for performance enhancement.
4. Initial Simulation Results

Initial link level simulation results for UL transmission are given in this section. Simulaiton assumptions are based on RAN1#84b email discussion, where details are listed in the table of Appendix. There are mainly 5 multiple access schemes evaluated in our simulations including:
· OFDM

It is provided as a baseline scheme. 4 users are multiplexed within the total allocated RBs. RBs are equally divided among users. QPSK modulation is always assumed.
· SCMA
Information of each user is spread onto 4 REs by using a user signature vector. There are 6 users multiplexed onto 4 REs with the LDS structure as shown in Figure 4. The used signature vector (also called codebook) is according to the published materials [14] [15] [16], which is from a 4-point two-dimensional constellation. RE mapping follows traditional LTE principles as in Figure 2.
· LDS CDMA

LDS structures are as shown in Figure 4. For LDS CDMA, the non-zero positions of a user signature vector are just filled with repetition of QPSK symbols [12], which is a more simple way to construct signature vectors. 
· LDS CDMA with RE mapping across RBs
RE mapping across RBs are used as in Figure 3. The other assumptions are the same as LDS CDMA. 
· User signature vector extension

User signature vector extension is performed on top of LDS CDMA following procedures in Figure 5. RE mapping across RBs are used as in Figure 3.
Except OFDM, all the evaluated multiple access schemes have an overload factor of 150%. For all the multiple access schemes, we assume the same MCS level is used but not allowing autonomously selecting MCS. 
Figure 6 shows BLER v.s. SNR performance under the assumptions of TDL-C 3km/h channel with 300ns delay spread, 12 RBs, and 0.72 code rate. Message passing algorithm (MPA) is used for multi-user detection. SCMA shows no performane gain over LDS CDMA. The benefit from multi-dimensional constellation or signal space diversity may be compromised by uncontrollable independent user channel fading. According to simulations not shown here, SCMA has a better performance in downlink channels or uplink AWGN channels. For LDS CDMA with RE mapping across RBs, performance gain can be observed compared with traditonal LDS CDMA. The gain comes from higher diverisity created by spliting one signature vector and transmitting the parts widely separated resources. User signature vector extension can further exploit diversity gain while at the cost of a relatively higher receiving complexity. Compared with OFDM, the evaluated non-orthogonal schemes endure performance loss in low SNR region due to inter-user interference; With SNR increased, inter-user interference can be relieved by multi-user detection, and diverity gain can be obtained since one user has been spread onto the whole allocated bandwidth. 
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Figure 6 BLER v.s. SNR, TDL-C 300ns, 3km/h, code rate 0.72, 12 RB
Simulation results under other scenarios are given in Appendix. From all the simulation results, some observations can be summarized as follows:
Observation 1: LDS CDMA seems to be a simple and effective multiple access scheme.
Observation 2: RE mapping across RBs has the potential to save reference signals and gain from diversity. 
Observation 3: User signature vector extension by transforming two signature vectors into a larger vector has a potential to further exploit diversity gain.
Proposal 3: Consider LDS CDMA as a candidate multiple access scheme.
5. Conclusions
In this contribution, we share our views on some multiple access design issues, and provide initial evaluation results. Major observations and proposals are as below:
Observation 1: LDS CDMA seems to be a simple and effective multiple access scheme.
Observation 2: RE mapping across RBs has the potential to save reference signals and gain from diversity. 
Observation 3: User signature vector extension by transforming two signature vectors into a larger vector has a potential to further exploit diversity gain.
Proposal 1: Consider RE mapping across RBs for LDS (low density spreading) types of multiple access.
Proposal 2: User signature vector extension can be considered for performance enhancement.
Proposal 3: Consider LDS CDMA as a candidate multiple access scheme.
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6. Appendix

Simulation parameters are according to the following table.
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 (QPSK, code rate 0.5), 192 bits (QPSK, code rate 0.75)
TB size per user for 12RB case (without CRC): 408 bits (QPSK, code rate 0.5), 600 bits (QPSK, code rate 0.72)

4 users multiplexed for orthogonal multiple access (OFDM)

6 users multiplexed for non-orthogonal multiple access

	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, 30km/h, 120km/h 

	Max number of HARQ transmission 
	1


Figure 7 shows BLER v.s. SNR performance under the assumptions of TDL-C 3km/h channel with 300ns delay spread, 4 RBs, and 0.75 code rate. It seems that LDS CDMA with RE mapping across RBs can already exploit most diversity gain since there is not large frequency seperation for small number of RBs. By letting one extended user signature vector spread in both frequency and time directions as in Figure 8, both frequency and time domain diversity could be exploited. This is verified in a 120 km/h high speed case as in Figure 9, where other simulation assumptions are the same as Figure 7. From Figure 9, signature vector extension with RE mapping type 2 can further exploit diversity gain.
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Figure 7 BLER v.s. SNR, TDL-C 300ns, 3km/h, code rate 0.75, 4 RB
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Figure 8 RE mapping across RBs (RE mapping type 1)
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Figure 9 BLER v.s. SNR, TDL-C 300ns, 120km/h, code rate 0.75, 4 RB
For TDL-B 3km/h channel with 100ns delay spread, Figure 10 shows BLER v.s. SNR performance for 12 RBs with 0.72 code rate. The observations are similar with before. LDS CDMA with RE mapping across RBs has performance gain. On top of it, if user signature vector extension is performed, further performance gain can be obtained.
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Figure 10 BLER v.s. SNR, TDL-B 100ns, 3km/h, code rate 0.72, 12 RB
Figure 11 shows BLER v.s. SNR performance under the assumptions of TDL-A 3km/h channel with 30ns delay spread, 4 RBs, and 0.5 code rate. As the channel has less variations in both frequency and time domain, not much diversity can be exploited. All the schemes tend to have similar performance for the evaluated SNR range.
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Figure 11 BLER v.s. SNR, TDL-A 30ns, 3km/h, code rate 0.5, 4 RB
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