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1. Introduction
[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Toc466352963][bookmark: _Toc472222530]In RAN meeting #75, a new SID on Non-Orthogonal Multiple Access (NoMA) for NR was approved [1]. It has been agreed that transmitter side signal processing design for NOMA should be specified during the SI. 
2.3.1	Open issues of the SI or Core part WI or Testing part WI
· Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.
· Coded bit level processing including interleaving and/or scrambling, etc.
· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.

In this contribution, we compare full-length spreading NOMA designs with an analysis on appropriate channel coding rate at a given UL resource, and assess the effectiveness of allocating NOMA signature in either bit-level, symbol-level or both.  In addition, given the available UL resource element, we try to evaluate what appropriate overall spreading factor shall be selected for optimal performance in respect to the channel coding rate.  
Although there are symbol-level spreading NOMA schemes that use low-density spreading technique, these NOMA schemes usually rely on message passing algorithm (MPA) or maximum likelihood type receiver for optimal performance with reduced complexity.  Since these low density spreading (LDS) type NOMA schemes rely on MPA, we exclude them for comparison and focus on comparing full-length spreading type NOMA schemes that typically assumes linear receivers (MMSE-SIC, MMSE-PIC, ESE/MF, and etc.) for signature/signal detection.  Since all of the aforementioned linear receivers are compatible for decoding full-length spreading schemes, we set ESE, which has the lowest implementation complexity, as a baseline receiver for fair comparison.  The exact ESE receiver for comparing LLS is explained in [2].
2. Full-length spreading domains
2.1. Block diagram of transmitter structures in bit level scrambling and spreading/interleaving
As, illustrated in Fig. 1, all the bit level NOMA schemes assume channel coding output as a basis for signature construction.  The bit-level signatures are formed by applying UE specific (or non-specific) scrambling, interleaving, or/and repetition techniques before symbol modulation step.  LCRS, IDMA, LSSA can be categorized into this bit level full-length spreading domain, while both LCRS and LSSA also has additional symbol-level domain spreading and assign non-orthogonal and orthogonal sequences.  Since the NOMA signatures are generated in the bit level, soft interference cancellation is performed in bit level.  If the other multiplexed user’s signal is decoded without error, this soft cancellation can be cancelled and instead, symbol level cancellation can be applied to remove the inter user interference that has been generated due to common resource sharing.
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Figure 1 High level block diagram of UL NOMA transmitter schemes
2.2. Block diagram of transmitter structures in symbol level scrambling and spreading/interleaving
Symbol level full-length spreading utilizes the full resource length of available REs, and it can incorporate bit-level signature generation process, as illustrated in Fig. 1.  NCMA [5], MUSA, RSMA, NOCA, GOCA, RDMA, LCRS, and LSSA schemes belong to this category.  Most of the symbol-level spreading schemes propose a proprietary set of spreading sequences that the total number of sequences within a set exceeds the length of the spreading factor.  Receiver for symbol-level schemes typically assume MMSE-SIC, as combination of channel impulse/frequency response generated by symbol-level spreading factor K and number of receive antennas M indicates that the received signal vector can be represented as a linear function of transmitted users signal vector multiplied with K ⅹ M channel matrix.  Since MMSE filter involves matrix inversion process (channel matrix is different before and after interference cancellation), implementation complexity of MMSE-SIC is much higher than ESE/MF type.  Other aspect is the increased latency due to successive interference cancellation structure.   However, symbol-level spreading schemes can utilize ESE/MF receiver for improving latency and complexity issues.  
3. Link level simulation results of bit and symbol level spreading in various situation of UL resource availability
3.1. Simulation results for low per UE bits/RE environment
To evaluate and compare full-length spreading NOMA schemes in two different representative domains, we choose some of the link level simulation scenarios already agreed in RAN1 #92 [3].  mMTC use case is selected for comparison, and for low per UE bits/RE environment, payload size is fixed to 20 bytes.  Perfect channel estimation is assumed.  For the multi-user receiver, both bit-level and symbol-level full-length spreading schemes assume ESE for fair comparison.  For both bit-level and symbol-level full-length spreading based schemes, UE specific scrambling is assumed in the bit-level operation.  Scrambling sequence is given by clause 5.2.1 and 6.3.1.1 of [4, TX 38.211].  Note that bit-level repetition and interleaving are applied after user specific NR scrambling for bit-level domain NOMA schemes.  Due to unavailable data regarding generation of NOMA spreading sequence, configurations for multiplexing UEs are limited.  The symbol-level complex spreading sequence of LSSA is composed of the following normalized real or/and imaginary components,

It is expected that in low per UE bits/RE situations, most of the full-length NOMA schemes achieve single UE inter-UE interference free transmission BLER performance, in respect to per UE SNR case.  Fig. 2. Shows LLS result for 8 UE multiplexing, when equal UL SNR distribution is assumed.  As, expected, there is almost no difference among NOMA schemes in terms of BLER performance.  Due to very low channel coding rate and high overall redundancy, all schemes in comparison seem to match the single UE performance, in the per UE SNR domain.
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Figure 2 LLS result of NOMA schemes with 20 byte payload size

Although not compared here, the BLER performance of other bit-level or symbol-level full-length spreading NOMA schemes are expected to show similar performance to BLER curves shown in Fig. 2.
Observation 1: For low per UE bits/RE configuration, it is expected that most of the full-length spreading NOMA schemes achieve single UE inter-UE interference free transmission BLER performance.  If redundancy is sufficient enough, inter-UE signal cancellation result is near optimal with low complexity ESE receiver.
3.2. Simulation results for mid-high per UE bits/RE environment
As for the mid-high per UE bits/RE environment, payload size in this case is fixed to 60 bytes.  In this case, single UE interference free performance is no longer achievable, but close enough such that with a certain amount of multiplexed UEs, BLER performance of linear SNR degradation is observed, as shown in Fig. 3.  Here, performance difference is distinguishable.  It is observed that bit level scrambling and interleaving without any bit or symbol level spreading offers the best result.  Spreading in bit or symbol level domain introduces a slight loss of performance due to high channel coding rate, but NCMA scheme [5] has the lowest (in fact marginal performance loss) SNR loss compared to the best performing bit-level scrambling / interleaving only scheme.  Thus, it seems that controlling the channel coding rate is more effective than applying non-orthogonal spreading when redundancy for payload is sufficient enough and inter-UE interference is given in a moderate level.  However, further observation is needed to conclude whether channel coding gain is the primary objective for obtaining the best performance or not when number of multiplexed UE are large. 
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Figure 3 LLS result of NOMA schemes with 60 byte payload size

Observation 2: For payload size which is covered with moderate level of redundancy, maximizing the channel coding gain is generally suggested over applying any bit or symbol level spreading techniques.  However, further observation is needed to conclude whether channel coding gain is the primary objective for obtaining the best performance or not when number of multiplexed UE are large. 
3.3. Simulation results for high per UE bits/RE environment
For the high per UE bits/RE environment, payload size in this case is fixed to 75 bytes.  Resource for redundancy is further reduced, and UE multiplexing capability is directly affected by the reduced redundancy.  Therefore, none of the compared NOMA scheme show single UE performance in the 8 UE multiplexed situation, as shown in Fig. 4.  Since maximum supported channel coding rate is higher than the 60 byte case, we see that combination of pure channel coding and UE specific scrambling does not successfully overcome inter-UE interference.  When no spreading is applied in either bit or symbol level domain, BLER of 10% is barely achieved at 4.5dB SNR.  However, if bit level spreading/repetition and interleaving is applied despite the fact that spreading introduces high channel coding rate, performance in terms of achieving the target 10% is much improved.  Nearly 2dB SNR gain is observed.  At this point, we can conclude that lowering the channel coding rate is shown not to be an absolute primary objective for NOMA transmission. There seems to be a case by case optimal MCS/spreading combination setting, where payload size, UL resource and number of UEs to be multiplexed are not fixed.  As interference is mitigated in some extent by introducing bit domain spreading, we observe that symbol level spreading is evaluated to be more effective than bit level domain spreading.  Additional 1.5~1.7dB gain at BLER 10% is observed in Fig. 4.  The best result is shown when NCMA spreading sequences are used for symbol-level spreading, since the maximum sequence correlation result among all possible combination (when spreading factor = 2 and #of codewords = 8) is analyzed to be considerably low.  It is noted that NCMA scheme seem to provide very low inter-UE interference in symbol level, and contributes to higher probability of canceling inter-UE interference
In summary, it seems that symbol-level spreading factor is useful for large payload size case and perhaps overloaded situations.  However, the symbol level spreading factor may be desirable to keep it as low as possible, and save the rest of the REs for lowering the channel coding rate.
[image: ]
Figure 4 LLS result of NOMA schemes with 75 byte payload size

Note that the symbol-level spreading scheme of LSSA is also effective for achieving the target BLER of 10%.  It achieve similar performance to the NCMA scheme.  It also has normalized coefficients of symbol level sequences that are attractive for implementation.  In addition, it has operational merits that can be configured to support orthogonal transmissions, thus switch from NOMA to OMA is inherent.
Observation 3: When payload size is large such that redundancy is low, symbol level multiplexing is effective for reducing inter-UE interference, especially when channel coding rate is relatively high. NOMA procedure study on case by case optimal MCS/spreading combination setting is may be beneficial, where payload size, UL resource and number of UEs to be multiplexed are not fixed.

4. Conclusion / Discussion
[bookmark: _GoBack]In this contribution, we compared full-length spreading NOMA designs with an analysis on appropriate channel coding rate at a given UL resource, and assess the effectiveness of allocating NOMA signature  either in bit-level or symbol-level.  Following is our proposal: 
Observation 1: For low per UE bits/RE configuration, it is expected that most of the full-length spreading NOMA schemes achieve single UE inter-UE interference free transmission BLER performance.  Since redundancy is sufficient enough, inter-UE signal cancellation result is near optimal with low complexity ESE receiver.
Observation 2: For payload size which is covered with moderate level of redundancy, maximizing the channel coding gain is generally suggested over applying any bit or symbol level spreading techniques.  However, further observation is needed to conclude whether channel coding gain is the primary objective for obtaining the best performance or not when number of multiplexed UE are large. 
Observation 3: When payload size is large such that redundancy is low, symbol level multiplexing is effective for reducing inter-UE interference, especially when channel coding rate is relatively high. NOMA procedure study on case by case optimal MCS/spreading combination setting is may be beneficial, where payload size, UL resource and number of UEs to be multiplexed are not fixed.
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mMTC, 6 PRBs, 12 OFDM, 864 REs, TDL-A, 1Tx 4Rx, 20 bytes

OFDMA (NR) QPSK,R=0.56, 6 users (per UE bits/RE = total bits/RE: 1.111)

LSSA, 1 user (no spreading SF=1, R=0.0926)

LSSA, 8 users (no spreading SF=1, R=0.0926)

LSSA, 8 users (bit-level SF=2, R=0.1852)

LSSA, 8 users (symbol-level SF=2, R=0.1852)

NCMA, 8 users (symbol-level SF=2, R=0.1852)
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mMTC, 6 PRBs, 12 OFDM symbols, 864 REs, TDL-A, 1Tx 4Rx, 60 bytes

OFDMA 64QAM,R=0.56, 6 users (per UE bits/RE = total bits/RE: 3.3333)

LSSA, 1 user (no spreading SF=1, R=0.2778)

LSSA, 8 users (no spreading SF=1, R=0.2778)

LSSA, 8 users (bit-level SF=2, R=0.5556)

LSSA, 8 users (symbol-level SF=2, R=0.5556)

NCMA, 8 users (symbol-level SF=2, R=0.5556)
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mMTC, 6 PRBs, 12 OFDM symbols, 864 REs, TDL-A, 1Tx 4Rx, 75 bytes

OFDMA 64QAM,R=0.69, 6 users (per UE bits/RE = total bits/RE: 4.1667)

LSSA, 1 user (no spreading SF=1, R=0.3426)

LSSA, 8 users (no spreading SF=1, R=0.3426)

LSSA, 8 users (bit-level SF=2, R=0.6852)

LSSA, 8 users (symbol-level SF=2, R=0.6852)

NCMA, 8 users (symbol-level SF=2, R=0.6852)
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