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Introduction
In RAN #75 meeting, the study item on non-orthogonal multiple access for NR has been approved [1].
This study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later. 
Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the following:
1 non-orthogonal multiple transmission scheme
1. 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.
Note: targeting common solution for mMTC, URLLC and eMBB small packet.
Following agreement was made during last two meetings for Tx design of NoMA:
Agreements:
· Detailed transmission schemes particularly MA signature design per scheme will be captured in TR. Performance and complexity comparisons and observation/conclusion should at least be made scheme-wise. 
· Transmitter side data processing for NOMA can be based on one or more of the following aspects
· UE -specific bit-level scrambling
· UE -specific bit-level interleaving
· UE -specific symbol-level spreading
· Can be with NR legacy modulation or modified modulation
· UE -specific symbol-level scrambling 
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE -specific power assignment
· UE-specific sparse RE mapping
· Cell-specific MA signature 
· Multi-branch/MA signature transmission (irrespective of rank) per UE 
This contribution presents the design of transmitter side signal processing scheme for our proposed NoMA scheme. This is an update of R1-1809499.
Discussion 
In Rel-14 SI, the following high level diagram of NoMA has been concluded and captured in the TR 38.802:
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Fig.1 – illustration of high-level diagram of NoMA
So hereinafter our proposed NoMA scheme, namely the interleave-grid multiple access (IGMA), is introduced following the above diagram.
Basic Tx diagram of the proposed IGMA
The proposed NOMA scheme, IGMA [4], can be depicted by Fig.2. Basically the proposed IGMA synergizes bit-level randomizer and randomized sparsity by symbol-level interleaving with zero padding. Some basic introduction could be found in [4]. Optionally, multi-layer transmission from a single UE can be also accommodated in this IGMA structure, to support larger per user spectrum efficiency with low-coding rate and low complexity receiver. Note that the generation of preamble/RS for NOMA is not included in this schematic, which can be separately discussed.


Fig. 2 – The schematic of IGMA transmitter
Tx processing of IGMA
In this section, the processing in bit-level and symbol-level operations of the proposed IGMA are detailed, which would essentially make NOMA practically feasible in NR.
Bit-level operation:
For NOMA, bit-level randomizer, which is UE specific/layer specific, is necessary for the multi-user detection. Either interleaver or scrambler can be envisioned. Both of them can be found in current NR specification. For example, the block interleaver has been applied to NR LDPC and NR CCE interleaving process, in order to make it UE specific, the starting position of reading could be cyclic shifted differently for different UEs. As shown in following figure, it’s an example how the UE specific bit level interleaver could be designed based on the existing block interleaver without much change to current spec. 
[image: ]
Fig. 3 – UE specific Block interleaver design
While for the bit level scrambling, NR has already specified the generation method for the scrambling sequence based on C-RNTI, e.g., the scrambling sequence for PUSCH in NR is initialized with Cinit=nRNTI*215+nID, and some small changes may only be required for support grant-free NOMA. Thus, both interleaver and scrambler could help to randomize the coded bit sequence, and neither of them needs much spec effort. However, using interleaver may contribute more to the LDPC decoding and multi-user detection theoretically. Thus, extension on existing interleaver design could be sufficient for the UE disguising in NoMA schemes. 
Observation 1: both bit level interleaver and scrambler are supported in current NR spec, either of which is viable for facilitating NOMA and with limited spec effort.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]In the case of using bit-level interleaver for IGMA, the coded bit sequence order after LDPC is further randomized based on a UE/layer specific bit-level interleaver. Let’s denote the kth user’s coded bit sequence as  (M is the length of coded bit sequence). According to the assigned interleaver, the interleaved bit sequence becomes. After interleaving process, the interleaved bit sequence applies modulation to obtain the symbol sequence  where N is the length of symbol sequence. For example, by applying QPSK modulation, the symbol sequence will be half of the interleaved bit sequence length, i.e., N=M/2. Then, the generated symbol sequence  is transferred to symbol level operation. It should be noted that we are quite open to study the generation of interleavers for NOMA based on either NR existing interleaving or other optimized interleaving
Symbol-level operation: 
In the proposed IGMA design, the symbol level operation is the grid mapping process. More specifically, it consists of zero padding and symbol level interleaving process, where in the end the sparse symbol-to-RE mapping can be achieved. The sparsity through grid mapping can be configurable. An exemplary interleaving with zero padding for sparse mapping is given below.
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Fig. 4 – illustration of zero padding
Via the resource configuration (size of the time-frequency resource) indicated by the gNB, the TB size and the MCS selected/configured for the transmission, a UE could derive the data matrix with the number of column is X and number of row is Y. This could be done by configuring/fixing either value of X or Y to UE and by divided by the overall number of RE allocated for data, the UE will get the other value. Moreover, the density and the zero-row indexes could be obtained by UE from gNB configuration, in which the  decides the ratio of the non-zero row of the data matrix and the zero-row indexes tell the UE where to pad the zero rows. One example could be 1 PRB is assigned to UE with 2 OFDM symbols taken out for DMRS, then in total 144 REs are used for data, and the X is setting to 36, UE could derive the number of row is 4. Moreover, the gNB configures the density =0.5, so that the number of zero row is 2 and the zero-row indexes are indicated to be 1th and 3th, i.e., corresponding the zero pattern [1, 0, 1, 0]. UE will know to pad 2 zero rows in the data matrix in 1th and 3th row as shown in Fig. 4 where the user/layer index k is omitted. 
After the zero padding and writing of the data symbols in corresponding row(s), the symbol sequence those map to the REs could be further derived by reading the data from column direction of the data matrix. This symbol level interleaving is the same as block interleaving, i.e., the derived symbol sequence is . Note that there are four aspects of the grid mapping process could be flexibly configured:
A) The number of column, X, in the data matrix (equivalent to the number of row, Y); by configuring such parameter, gNB could control the interleaving depth of the data sequence; 
B) the density and the zero-row indexes; by configuring the density, the gNB can control the number of zero rows, which in turn provides the flexibility on achieving coding gain and power gain. Moreover, configuring different position of the zero rows, i.e., different zero patterns, like [1010] vs [0101] could be assigned for UE/layer distinguish;
C) the UE/layer specific symbol level interleaving; similar to the UE/layer specific interleaver design in Fig. 3; the starting position of reading the data matrix can also be UE specific thus used for the UE/layer distinguish as well.
An example is illustrated in the following figure, note that the zero padding can also choose X=2,Y=4, then more zero patterns could be derived. 
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Fig. 5 – illustration of grid mapping process
After doing so, the original data symbols, i.e.,, are mapped onto a portion of REs of an allocated resource grid and further go through the OFDM modulation, or DFT pre-coding first if the DFT-s-OFDM is applied.
By providing the sparsity via symbol-level interleaving with zero-padding, at least the following benefits can be achieved, besides the potential gain contributing to LDPC decoder:
1. Reduction of detection complexity. With sparse mappings, the number of UEs super-positioned on the same REs will be reduced, the complexity of applying adv. Receiver, e.g. MAP receiver, can be reduced without performance loss. For example, if sparse mapping with density 0.5 is used for 6-UE case with QPSK, the number of possible combinations of transmitted symbols is 4^3=64 instead of 4^6=4096, which reduces the detection complexity significantly. 
2. More robustness to inter-cell interference (ICI). With randomized sparse mapping, the detected SINR may increase comparing to the non-sparsity case in multi-cell deployment scenario, which results in better detection and decoding performance. The related simulation results could refer to [6]. 
Observation 2: the sparsity via symbol-level interleaving with zero padding could provide benefits of detection complexity reduction and more robustness to ICI.
Proposal 1: The symbol level operation of symbol-level interleaving with zero padding should be considered for NoMA.

Discussion on symbol level sequence spreading 
[bookmark: OLE_LINK1]Coding gain
Compare to sequence spreading based NoMA schemes, non-sequence spreading based NOMA scheme including IGMA, could explore more channel coding gain. Using a simple case as an example, assuming a sequence spreading based scheme is with spreading factor of 4, and given the number of information bits is 144 and the configured RE number for data is 576 and using QPSK, the LDPC coding rate will be 1/2. However, by using IGMA, the LDPC coding rate will be 1/8 for density to be 1, and 1/4 for density to be 0.5. The spreading can be considered as a repetition code, which in general has worse performance comparing to directly low coding rate LDPC.
Below the comparison results between IGMA and linear spreading based schemes are shown. Following cases are considered: 
· Case 1: bit-level scrambling only
· Case 2: IGMA with 0.5 density sparsity
· Case 3: Symbol-level scrambler only
· Case 4: UE-specific bit-level interleaving only
· Spreading: Spreading sequence (scheme D in [6] with spreading length 4) 
For the fairness of comparison, the same detector, i.e., enhanced ESE, is used for all cases/schemes. Other detailed simulation assumption is referred to [7]. 
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(c)
Fig. 7 Performance illustrations of IGMA and other cases 
From the results above, IGMA with density of 0.5 could have the better BLER performance in the simulated scenarios, which shows that the power gain brought by the sparsity could outperform the coding gain in some cases, e.g., relatively  large TBS and more UE numbers. While compared to spreading based scheme, especially linear spreading, IGMA could support flexible code rate and maximizing LDPC coding gain. 
Observation 3: IGMA can provide good tradeoff between coding gain and power gain.
In addition, more comprehensive comparisons between IGMA and spreading based schemes (non-linear spreading, e.g., SCMA and linear spreading, e.g., MUSA) are also considered as shown in following simulation results. 
mMTC scenario 
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Fig. 8 illustration of performance comparison for mMTC scenario
Note that in Fig. 8(a~d), 8-points codebook is applied for SCMA and the IGMA scheme utilizes the eESE detector.  While in Fig. 8(e~h), the 16-point codebook is applied for SCMA and both eESE and MAP results for IGMA are presented. Besides, eESE has been applied for other schemes. In general, it can be observed that IGMA with non-complex detector, i.e., eESE, could already have the superior performance in most cases. From the results, it can also observe that spreading operation may cause some loss of the coding gain. Taking SCMA in Fig. 8(b) and Fig. 8(e) as an example, the SCMA with lower modulation order (i.e., 8-point codebook) had worse performance due to the loss of coding gain. However, the higher modulation order could bring back some of the coding gain but with the cost of increasing detection/decoding complexity (details refer to [8]). For the MUSA in Fig.8 (g),(h), the BLER performance is even unacceptable (cannot reach 10-1 BLER), thus some additional effort needed, such as using smaller spreading factor, e.g., SF=2, to bring back the channel coding. The performance will be improved as shown in [9] but still with 2 dB loss and 4 dB loss compared to IGMA, respectively. Moreover, reduce the SF is able to lower channel coding rate but with cost that the supported UE may get lower due the less orthogonal spreading factor. The modulation order adaptation and/or the SF adaptation is not friendly to grant free transmission, as the gNB will have no idea what kind of the setting the UE adapted so that the complexity could be significantly higher. In addition, the linear spreading based scheme is naturally requiring more spec effort to be supported compared to IGMA, e.g., the sequence design criteria which is new to NR system.  
On the contrary, non-sequence spreading NOMA scheme, e.g., IGMA, could explore better channel coding gain comparing to sequence spreading based NoMA schemes.
Observation 4: non-sequence spreading NOMA scheme, e.g., IGMA, could explore better channel coding gain comparing to sequence spreading based NoMA schemes.
Observation 5: Symbol level spreading (especially linear spreading) will introduce LDPC coding gain loss and need to apply higher modulation order and/or shorter spreading factor to bring back the LDPC channel coding gain. . 
Observation 6: the modulation adaption and the spreading factor adaption are not friendly to NoMA grant free transmission.
Observation 7: Symbol level spreading (especially linear spreading) will need more spec effort to support.

PAPR
In this section, the PAPR is evaluated for NoMA schemes. For PAPR evaluation, OFDM-based and DFT-s-OFDM based IGMA schemes, as well as linear spreading schemes with/without interleaver/scrambler are evaluated. For IGMA, the grid-mapping pattern [1 0 1 0] with mapping density 0.5 is used. In the evaluation, QPSK is applied. The results are shown in Fig. 9. 
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                          (a)                                          (b) 
Fig. 9. Illustration of PAPR evaluation results 
It can be observed that by properly choosing the grid mapping pattern, IGMA can reduce the PAPR due to the introduction of sparse mapping. The PAPR of IGMA has about 0.5 dB gain at CCDF level of  compared to OFDM. Meanwhile, for DFT-s-OFDM, the gain of IGMA becomes about 1 dB at CCDF level of . 
Observation 8: IGMA has the potentials to improve the PAPR performance.
On the contrary, NoMA schemes with purely linear spreading will degrade the PAPR performance, especially for OFDM, due to the fact that linear spreading will introduce the correlation among adjacent symbols. Combining with interleaver or scrambler can alleviate the pain and the PAPR can be reduced to identical with OFDM/DFT-s-OFDM.
Observation 9: Linear spreading will introduce the correlation among adjacent symbols which cause degraded performance in PAPR.
Conclusion
In this contribution, we discussed the transmitter side design for NoMA schemes, the following proposals are made:
Observation 1: both bit level interleaver and scrambler are supported in current NR spec, either of which is viable for facilitating NOMA and with limited spec effort.
Observation 2: the sparsity via sysmtol-level interleaving with zero padding could provide benefits of detection complexity reduction and more robustness to ICI.
Observation 3: IGMA can provide good tradeoff between coding gain and power gain.
Observation 4: non-sequence spreading NOMA scheme, e.g., IGMA, could explore better channel coding gain comparing to sequence spreading based NoMA schemes.
Observation 5: Symbol level spreading (especially linear spreading) will introduce LDPC coding gain loss and need to apply higher modulation order and/or shorter spreading factor to bring back the LDPC channel coding gain. . 
Observation 6: the modulation adaption and the spreading factor adaption are not friendly to NoMA grant free transmission.
Observation 7: Symbol level spreading (especially linear spreading) will need more spec effort to support.
Observation 8: IGMA has the potentials to improve the PAPR performance.
[bookmark: _GoBack]Observation 9: Linear spreading will introduce the correlation among adjacent symbols which cause degraded performance in PAPR.
Proposal 1: the symbol level operation of symbol-level interleaving with zero padding should be considered for NoMA.
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