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Introduction
In RAN1#94bis [1], it was agreed that the NOMA deployment scenarios will include the following:
· [bookmark: _Toc525922235]mMTC scenario
[bookmark: _Toc525922236]mMTC scenario is featured by massive number of connections with low control signalling overhead. Synchronous or asynchronous transmission are considered for the study. [1]
· URLLC scenario
[bookmark: _Toc525922237]URLLC requires both high reliability and low latency in the transmission. Synchronous transmission is considered for the study. [1]
· eMBB scenario
The transmission can be grant-based or grant-free. For grant-free, synchronous or asynchronous transmission are considered for the study. [1]
In addition, it was also agreed that the candidate MA signature for NOMA UL transmission can be based on one or more of the following aspects [2]:

· UE -specific bit-level scrambling
· UE -specific bit-level interleaving
· UE -specific symbol-level spreading with NR legacy modulation
· UE -specific symbol-level spreading with modified modulation
· symbol-level scrambling 
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE-specific sparse RE mapping
· [bookmark: _Hlk528936200]UE-specific OFDM symbol staggered transmission pattern
· Multi-branch transmission and UE/branch specific power assignment can be auxiliary features related to MA signatures.

After RAN1#94bis, companies have conducted more evaluations for performance and complexity. Based on the LLS results [1] and complexity analysis [2], the best tradeoff among performance, complexity and specification impacts can be achieved by a combination of the following designs:

· UE -specific bit-level scrambling 
· UE -specific symbol-level linear spreading with NR legacy modulation 
· symbol-level scrambling
· multi-branch transmission and UE/branch specific power assignment

Therefore, the TX designs above should be considered for NOMA transmitter side processing. 

On the other hand, the following TX designs should not be considered since they incur higher implementation complexity and larger specification impacts with similar/worse performance in synchronous/asynchronous transmissions for NOMA:

· UE -specific symbol-level spreading with modified modulation
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE-specific sparse RE mapping
Multi-layer hybrid resource spreading multiple access (ML-RSMA) is one of the transmission schemes that meet the best tradeoff in performance, complexity, and specification impacts. In this contribution, we provide design details for ML-RSMA.


Multi-Layer Hybrid Resource Spreading Multiple Access 
Overview
Multi-layer hybrid resource spreading multiple access (ML-RSMA) is one of the transmission schemes that meet the best tradeoff in performance, complexity, and specification impacts.  The main features of ML-RSMA transmit side processing can be outlined as follows:
· The MA signatures of ML-RSMA are represented jointly by a bit level scrambling code, one or multiple symbol level spreading codes, and a symbol-level scrambling code.
· The spreading codes are based on modified chirp sequences (MCP), which have a closed-form description and achieve WBE for arbitrary overloading ratios and spreading factors. Periodical hopping of MCP sequences can be employed for performance enhancement.
· The scrambling codes of RSMA can be configured as group or cell specific, which reuse the low PAPR sequences compliant with NR Rel-15, which can reduce PAPR and inter-cell interference (as shown in Section 5 of this contribution).
· The same set of short spreading and long scrambling codes can be reused to support both CP-OFDM and DFT-s-OFDM waveforms.
· In order to reduce the impacts on 3GPP specifications, ML-RSMA reuses the bit level processing and legacy modulation compliant with the UL transmit chain of NR Rel-15. 
· The flexible and scalable configuration of spreading codes, scrambling codes, order of legacy modulations and/or multiple-branch transmissions is capable of optimizing the tradeoff among spectral efficiency, overloading capacity and transceiver complexity.
· ML-RSMA can be employed in conjunction with UE grouping and power domain multiplexing to further enhance the overloading capacity and/or spectral efficiency.

A general framework for ML-RSMA is shown in Figure 1. The shaded boxes are the transmission modules unique to NOMA. ML-RSMA can be employed in conjunction with power domain multiplexing to further enhance the UE capacity and/or UL spectral efficiency. The use of cell-specific scrambling and/or power control is beneficial in inter-cell interference management. By reusing the same set of short spreading codes and long scrambling codes as MA signatures, ML-RSMA can be applied to both CP-OFDM and DFT-s-OFDM waveforms. The flexible and scalable configuration of spreading factor, scrambling sequence, multiple branches and power levels is capable of optimizing the tradeoff among error performance, sum throughput and transceiver complexity.

To combat the multiple access interference (MAI) in NOMA, channel coding and/or spreading is needed in practical transmission. In general, both channel coding and spreading incur the expansion of spectral bandwidth with respect to Shannon bandwidth [8]. Analyses about the coding-spreading tradeoff have been conducted in [8-9], which reveal that linear random spreading can be used in conjunction with channel coding to achieve the optimal tradeoff between spectral efficiency and receiver complexity. In the following section, we will introduce the design details of ML-RSMA, which supports flexible configuration of spreading factor and code rate. 



[image: ]
Figure 1: General Framework for ML-RSMA


Linear Hybrid Spreading and Scrambling
Figure 2 shows the linear hybrid spreading and scrambling for single layer hybrid RSMA, which can be applied to use cases targeting low to medium spectral efficiency per UE. 

[image: ]
Figure 2: Linear Hybrid Spreading and Scrambling Scheme for Single Layer Transmission

To accommodate use cases targeting medium to high spectral efficiency per UE, the scheme in Figure 2 can be extended to multiple branch transmission, as shown by Figure 3.

[image: ]
Figure 3: Linear Hybrid Spreading and Scrambling Scheme for Multi-Branch Transmission

The configuration of ML-RSMA can be summarized as follows:
· Both spreading (SF>1) and non-spreading (SF=1) can be supported. When SF>1, the assignment of linear spreading codes is UE specific.
· The assignment/selection of scrambling sequence can be cell specific or UE-group specific, wherein the sequence index can be configured as a function of cell ID and/or UE-group ID. 
· The same set of short spreading codes and long scrambling codes can be employed for CP-OFDM and DFT-s-OFDM waveform.
· To randomize the intra-cell/inter-cell interference, the mapping of spreading code and scrambling code can be made symbol dependent and hop in time.
· UE grouping is supported in ML-RSMA, wherein the UE groups can consider different configurations in scrambling codes/transmit power/modulation/code rate/spreading codes/layer-setting.

Compared with SCMA design with modified modulation [11], solutions based on linear hybrid spreading and scrambling exhibit similar or better error performance, less impacts on 3GPP specifications, and significantly better performance in system capacity, scalability, complexity/latency and PAPR [3-4]. In particular, we will demonstrate in the following that the shaping gain claimed by multi-dimensional bits to symbol mapping (a.k.a modified modulation) is an artifact of inappropriate selection of spreading factor and MCS for legacy modulation.
To illustrate, Fig. 4(a)-(b) show the error performance of four different configurations of MCS and spreading factor in AWGN and fading channels, which include the two examples selected by [11] for 16-point constellations, with and without modified modulation mapping. We can observe from these results that the same spectral and energy efficiencies of multi-dimensional modulation mapping can be achieved by legacy modulations when the MCS and spreading factor are appropriately chosen, which avoids the implementation complexity of modified modulations as well as the vulnerability to channel estimation errors. 

[image: ]
Figure 4(a): BLER vs SNR for Legacy and Modified Modulation Mapping in AWGN Channel
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Figure 4(b): BLER vs SNR for Legacy and Modified Modulation Mapping in Fading Channel

Therefore, we propose the following:
Proposal 1: NR NOMA should consider the following designs in TX side processing:
· UE -specific bit-level scrambling 
· UE -specific symbol-level linear spreading with NR legacy modulation 
· symbol-level scrambling
· multi-branch transmission and UE/branch specific power assignment


Proposal 2: The introduction of the following designs is unnecessary for NR NOMA, because they incur higher implementation complexity and larger specification impacts, without gain in performance:
· UE -specific symbol-level spreading with modified modulation
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE-specific sparse RE mapping

Spreading Code Design for Symbol-Level Processing
To achieve the best trade-off between performance and complexity, the design of short spreading codes needs to be optimized. Since UE overloading is the goal for grant-based NOMA, it is more meaningful to optimize the codebook against the WB on sum squared cross correlations. 
To minimize the description complexity of WB achieving short spreading codes, we proposed a closed-form formula based on modified chirp sequence (MCP).  The MCP codebook can be proven as a WBE set, which achieves the WB on sum squared correlations for arbitrary K and N satisfying N>K≥2.
Basically, the generation of spreading code can be UE-specific and/or layer-specific.
· Single-Layer Transmission Per UE (Figure 3: M=1)
Assume the spreading factor is K and the number of distinct spreading codes is N. Then the n-th spreading code can be denoted by
.    						     	(1)
One example of closed-form construction would be 
;    					   	         (2)
where  can be chosen as an all-one sequence, or a perfect sequence of period K, that is
	           						            	  	(3)
· Multi-Branch Transmission Per UE (Figure 3: M>1)
For multi-branch transmission, the number of branches (layers) can be different from the spreading factor. Typically, M=2 layers are sufficient to support NOMA use cases with medium to high spectral efficiencies. 
· Periodic Hopping of Spreading Codes
To achieve better performance, each UE can use multiple MCP spreading codes periodically. To illustrate, Figure 4 shows an example for M-branch transmission with MCP hopping periodicity T.
· At time instant , the M symbols  of legacy modulation can use a set of UE-specific MCP codes given by , where  denotes the first time instant that  is used by the UE.
· At another time instant  and , a different set of MCP codes will be used by the same UE, which are given by .
Due to the systematic construction of MCP codebook,  can be considered as a typical hopping periodicity and the hopping pattern of  can be formulated in closed form to minimize description complexity.
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Figure 5: Hopping of Spreading Code in ML-RSMA


Scrambling Code Design for Symbol Level Processing
The use of long scrambling code is helpful in PAPR reduction and inter-cell interference mitigation, as shown in the following sub-sections. Specifically,
· The generation of symbol level scrambling code can be UE-group and/or cell specific, wherein the sequence ID of scrambling code is a function of cell ID and UE-group ID and the cell can have one or multiple UE groups.
· The sequences used for scrambling code can down select from Gold sequences, Zadoff-Chu sequences, or a combination of the two, according to 3GPP TS 38.211. 
· When Zadoff-Chu sequence is used for symbol-level scrambling, the root index and cyclic shifts can be optimized to reduce PAPR of CP-OFDM waveform and DFT-s-OFDM waveform.
· The long scrambling code can be used jointly with MCP short spreading codes to reduce PAPR and mitigate inter-cell interference.
PAPR Improvement by Symbol-Level Scrambling
Similar to the design of uplink physical channels in NR Rel-15 and beyond, PAPR is a key performance metric.  In this section, we compare the PAPR performance of linear spreading with and without symbol-level scrambling. Specifically, Chu sequences generated according to 3GPP TS 38.211 are employed for symbol-level scrambling of different PRB size, different legacy modulations and different number of layers.
[image: ]
Figure 6(a): PAPR Performance Improvement by Symbol-Level Scrambling (Single Layer, QPSK, 6 PRB)
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Figure 6(b): PAPR Performance Improvement by Symbol-Level Scrambling (Single Layer, QPSK, 12 PRB)
[image: ]
Figure 6(c):  PAPR Performance Improvement by Symbol-Level Scrambling (Single Layer, 16QAM, 6 PRB)


[image: ]
Figure 6(d): PAPR Performance Improvement by Symbol-Level Scrambling (Two Layer, QPSK, 6 PRB)

It can be observed from Figures 6(a)-(d) that for single or multi-layer transmissions with different modulations and PRB size, symbol-level scrambling can significantly reduce the PAPR of both CP-OFDM and DFT-s-OFDM waveform.

Inter-cell Interference Mitigation by Symbol Level Scrambling
Figure 7 shows the error performance improvement enabled by cell-specific, symbol-level scrambling. In this example, the serving cell has 16 NOMA UEs, and the interfering cell has 4 UEs. Cell specific and UE specific bit level scrambling (compliant with NR Rel-15) is applied to UEs in serving cell and interfering cell. The serving cell and the interfering cell employ the same MCP codebook but different scrambling codes at symbol level. In particular,
· The plot on the left shows the average BLER of the 16 UEs in the serving cell for different strength of inter-cell interference, with and without symbol-level scrambling,
· The plot on the right shows the average BLER of the 4 “most contaminated” UEs in the serving cell, which use exactly the same spreading codes as their interferers in the neighbor cell.

It can be observed from these examples that the use of cell specific scrambling codes can effectively mitigate the inter-cell interference and improve the performance of NOMA UEs in serving cell.

[image: ]
Figure 7: Inter-cell Interference Mitigation by Symbol-level Scrambling

To summarize, we have the following proposals:
Proposal 3:  NOMA transmission scheme should provide flexibility and scalability to support different spectral efficiencies and overloading factors. To reduce the description complexity and memory size of transceivers, it should consider:
· a closed form design for the short spreading codes that achieves Welch bound equality (WBE) for arbitrary spreading factor (K) and overloading ratio (N/K>1);
· a closed from design for the long scrambling codes that is compliant with NR Rel-15;
· reuse the same spreading codes and scrambling codes for both DFT-s-OFDM and CF-OFDM waveforms;
· reuse linear modulations compliant with NR Rel-15 Tx chain.
Proposal 4:   Intra-cell and inter-cell interference in NOMA transmission can be mitigated by UE grouping, power control, symbol-level scrambling, and the hopping of MA signatures. Specifically:
· NOMA UEs within the same cell can be partitioned into multiple groups. Same or different short spreading codes achieving WBE can be applied to each group. Group-specific scrambling and power domain multiplexing can be applied to each UE group, wherein the configuration of scrambling codes can be made as a function of cell ID and UE group ID.

· To average the intra-cell and inter-cell interference, the use of short spreading codes can hop in time domain.

 Contention-Based Asynchronous Transmission

[image: ]
Figure 8: PHY Channel Structure for Asynchronous NOMA Transmission 

As stated in the SID [5] and agreed in previous meetings [6-7], asynchronous transmission for NOMA should be studied, wherein the MA signature and reference signal (RS) can be based on random selection. Asynchronous NOMA can happen in RRC_Inactive state, wherein UE can transmit a small amount of data without performing active timing advance. Based on the timing offset assumption of 1.5 NCP for asynchronous transmission [6], multiple companies have evaluated the link level performance for fixed and random selection of MA signatures. The LLS results in [3] indicated that asynchronous transmission can be supported by NR NOMA, using appropriate design for RS (extension of DMRS or preamble) and MA signatures. LMMSE IC receiver with realistic channel estimation has been used to obtain the LLS results for asynchronous transmission.
To reduce the signaling overhead, power consumption and latency associated with 4-step RACH, the PHY channel structure in Figure 8 enables small data transmission on PUSCH, which follows immediately the RS transmission. To mitigate the ICI and ISI of asynchronous transmissions, a guard band and guard interval can be inserted into the time/frequency resources configured for asynchronous NOMA, which is similar to PRACH preamble transmission in NR Rel-15. 
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Figure 9: Example of RS Extension to Support Contention-Based Random Access in NOMA

To reduce the collision probability of random access, the pool size of both RS signal and MA signatures of PUSCH need to be expanded. For the simplicity of UE activity detection, a one-to-one mapping can be defined between RS signal and MA signature. Besides, the generation of RS signal and MA signature can be made cell specific to mitigate the inter-cell interference. 
To illustrate, Figure 9 shows an example of RS extension to support contention-based random access in NOMA. Assume the RS signal occupies 6 PRBs and 5 front-loaded OFDM symbols (OS). By grouping two adjacent PRBs into one group (REG), there are 15 REGs in the resources allocated for RS signal. Different short sequences can be transmitted on different REGs, and a mapping constraint can be applied to dictate the selection of short sequence on each REG. As a result, the pool size of the RS signal is expanded by the concatenation of different short sequences, and the mapping constraint adds necessary redundancy to improve the reliability of UE detection and channel estimation. 
To expand the pool size of MA signatures, the joint use of group-specific scrambling code and linear spreading code can be considered.  
In asynchronous NOMA transmission, the pool configurations of RS and MA signatures can be communicated to NOMA UEs in SIB. Therefore, as long as the UEs are DL synchronized with gNB, they can decode the SIB to perform random access without timing advance. Therefore, we have the following observation and proposals:
Observation: The LLS evaluations conducted in Rel-16 NR NOMA SI indicate that contention-based asynchronous NOMA can be supported by joint use of linear hybrid spreading at transmitter and LMMSE IC at receiver.  

Proposal 5:   Contention-based asynchronous transmission should be supported in NR NOMA. 
Proposal 6:   Scalable design of RS and MA signature should be considered to expand the pool size and reduce the collision probability of random access in asynchronous NOMA transmissions.



Conclusions
This contribution provided our views on the transmission scheme for NR NOMA. The following proposals and observations have been made:
Observation: The LLS evaluations conducted in Rel-16 NR NOMA SI indicate that contention-based asynchronous NOMA can be supported by joint use of linear hybrid spreading at transmitter and LMMSE IC at receiver.  

Proposal 1: NR NOMA should consider the following designs in TX side processing:
· UE -specific bit-level scrambling 
· UE -specific symbol-level linear spreading with NR legacy modulation 
· symbol-level scrambling
· multi-branch transmission and UE/branch specific power assignment


Proposal 2: The introduction of the following designs is unnecessary for NR NOMA, because they incur higher implementation complexity and larger specification impacts, without gain in performance:
· [bookmark: _GoBack]UE -specific symbol-level spreading with modified modulation
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE-specific sparse RE mapping

Proposal 3:  NOMA transmission scheme should provide flexibility and scalability to support different spectral efficiencies and overloading factors. To reduce the description complexity and memory size of transceivers, it should consider:
· a closed form design for the short spreading codes that achieves Welch bound equality (WBE) for arbitrary spreading factor (K) and overloading ratio (N/K>1);
· a closed from design for the long scrambling codes that is compliant with NR Rel-15;
· reuse the same spreading codes and scrambling codes for both DFT-s-OFDM and CF-OFDM waveforms;
· reuse linear modulations compliant with NR Rel-15 Tx chain.
Proposal 4:   Intra-cell and inter-cell interference in NOMA transmission can be mitigated by UE grouping, power control, symbol-level scrambling, and the hopping of MA signatures. Specifically:
· NOMA UEs within the same cell can be partitioned into multiple groups. Same or different short spreading codes achieving WBE can be applied to each group. Group-specific scrambling and power domain multiplexing can be applied to each UE group, wherein the configuration of scrambling codes can be made as a function of cell ID and UE group ID.

· To average the intra-cell and inter-cell interference, the use of short spreading codes can hop in time domain.

Proposal 5:   Contention-based asynchronous transmission should be supported in NR NOMA. 

Proposal 6:   Scalable design of RS and MA signature should be considered to expand the pool size and reduce the collision probability of random access in asynchronous NOMA transmissions.
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1 / 2   3 GPP TSG RAN WG1 Meeting #95                                                                            R1 - 1813405   November   12 th   –   1 6 th ,  2018   Spokane, USA     Agenda item:   7 . 2.1 .1   Source:    Qualcomm Inc orporated   Title:     Transmitter Side Signal Processing Schemes  for NOMA     Document for:   Discussion /Decision   1   Introduction   In  RAN1#94 bis   [1] , it was agreed that  the NOMA deployment scenarios will include the following:   o   mMTC scenario   mMTC scenario is featured by massive number of connections with low control signalling overhead.  Synchronous or asynchronous transmission are considered for the study.  [ 1]   o   URLLC scenario   URLLC requires both high reliability and low latency in the  transmission. Synchronous transmission  is   considered for the study .   [1]   o   eMBB scenario   The transmission can be grant - based or grant - free. For grant - free, synchronous or asynchronous  transmission are considered for the study.  [1]   In addition, it was also agreed that  the candidate MA signature for NOMA UL transmission  can  be based on one  or more of the following aspects   [2] :     o   UE  - specific bit - level scrambling   o   UE  - specific bit - level interleaving   o   UE  - specific symbol - level spreading   wi th NR legacy modulation   o   UE  - specific symbol - level spreading with modified modulation   o   symbol - level scrambling    o   UE   - specific symbol - level interleaving, with symbol - level zero padding   o   UE - specific sparse RE mapping   o   UE - specific OFDM symbol staggered  transmission pattern   o   M ulti - branch transmission and UE/branch specific power assignment can be auxiliary fe atures  related to MA signatures .     A fter RAN1#94bis,  companies have conducted  more   evaluations for   performance and  complexity.  Based on the  LLS results  [1]  and complexity analysis  [2],   the best tradeoff among  performance, complexity and specification 

