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1. Introduction 

In RAN1 #93 meeting, following agreements were made on NOMA transmission schemes [1]. In this contribution, we provide our considerations for design of NOMA from transmitter side.

	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 




2. Discussion
2.1. Symbol level processing with BPSK modulation and sub-RB RE mapping 
· Modulation

BPSK modulation can be adopted as a general modulation for any NOMA scheme for CP-OFDM waveform. In the transmitter side, the encoded bits are modulated with BPSK modulation as described in [2]. On the other hand, phase rotation is adopted in receiver side such that a BPSK modulated symbol becomes a real number, where the imaginary component of the BPSK modulated symbol equals to zero. An example is shown in Figure 1 below. It exploits the additional degrees of freedom from the real and imaginary part of the received signal to enhance suppression of interference among users. Besides, simple receiver processing can be adopted, e.g. legacy MMSE-IRC processing. 

BPSK modulation with low to middle code rate for CP-OFDM waveform can be beneficial. In [3], it can be seen that BPSK for MU-MIMO can outperform QPSK with low code rate or middle code rate.
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Figure 1:  Constellation points of BPSK modulation for transmitter side and receier side
Proposal 1: For NOMA transmission, BPSK modulation with low to middle code rate for CP-OFDM waveform is supported. 

· Sub-RB level RE mapping

Different from RB-level mapping, a method of distributed RE mapping across RBs can be considered. For example, as shown in Figure 3, the frequency resources are divided into two parts, where each part occupies half of the REs of the total frequency resources and spans on the whole bandwidth. Occupying partial REs in allocated bandwidth can be regarded as comb-like structure. In such case, different multiplexed UEs can occupy different part of RE allocation, which would reduce the collision probability. There may be an issue that the code rate may be higher due to fewer REs for UL transmission. Therefore, it is import to achieve trade-off between collision probability and code rate. 
With distributed RE mapping, the NOMA signal is spanning onto the whole bandwidth. Thus, frequency diversity can be achieved as the case in Figure 2. Besides, comparing to the case the half bandwidth localized RE mapping, frequency diversity of distributed RE mapping is better. On the other hand, distributed RE mapping can be combined with comb-based DMRS structure.
Proposal 2: For NOMA transmission, distributed RE mapping of resource allocation is supported.  
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Figure 2: Localized allocation                                  Figure 3: Distributed allocation with RE comb2
· MMSE processing at receiver side
Assume UE numbers is M, receiver antenna numbers is N,
The subcarrier k reception signals:   
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Receiver detection with MMSE-IRC formula:
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If all of the Multi-users transmitter signals
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are BPSK modulation, firstly rotate phase:
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Then transform the formula with separating real and imaginary value, where 
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When implementing MMSE-IRC, just remove the red dotted box. The ratio of row/column in new matrix 
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. It exploits the additional degrees of freedom from the real and imaginary part of the received signal to enhance suppression of interference.

2.2. DMRS enhancement
The DMRS applied for UL NOMA should be robust to collision and applicable to acquire good channel estimation performance. Due to lack of real-time power control mechanism, especially for grant-free UL transmission scenario, power imbalance at gNB receiver side should be considered, i.e. received signal from different UEs may have different received power. If UE detection is based on DMRS with sequence selection, the orthogonality among different DMRS sequences may decrease due to the imbalanced received power. Therefore, DMRS based FDM for UE detection would be more suitable, e.g. comb-like DMRS structure can be considered.

In NR, two DMRS types are introduced. In the case of two DMRS symbols, maximum 8 ports and 12 ports are supported by type 1 and type 2 DMRS, respectively. One possible method is that more combs are used, which would reduce DMRS density and may result in lower channel estimation performance. Another method is that more symbols can be used for DMRS. In either NR DMRS position or extending DMRS position, current comb-based DMRS pattern can be reused for the extended DMRS symbols, as shown in Figure 4. Less specification effort is required on DMRS pattern design. This method is beneficial for resource utilization efficiency because the more UEs can be multiplexed in the resource.
For pool based NOMA schemes, UE randomly selects a MA signature and/or DMRS ports when data arrive. If two UEs use the same MA signature and DMRS ports, gNB cannot differentiate the UEs. The reselection is required. Orthogonal DMRS can help gNB handle the collision to reduce latency and interference. If UEs utilize the dedicated DMRS, at least gNB can identify the DMRS from UEs for handling the potential collisions. Compared to MA signature, DMRS capacity is more easily to be extended. The enhanced DMRS design is beneficial for supporting more NOMA UE transmissions.
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Figure 4: Example of extending DMRS position

Proposal 3: More symbols can be used for DMRS and current comb-based DMRS pattern can be reused for the extended DMRS symbols.

3. Conclusion

In this contribution, we provide our considerations for design of NOMA from transmitter side for NOMA study. The observations and proposals are summarized below.
Proposal 1: For NOMA transmission, BPSK modulation with low to middle code rate for CP-OFDM waveform is supported. 

Proposal 2: For NOMA transmission, distributed RE mapping of resource allocation is supported.  
Proposal 3: More symbols can be used for DMRS and current comb-based DMRS pattern can be reused for the extended DMRS symbols.
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