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1. Introduction 

In RAN1 #93 meeting, following agreements were made on NOMA transmission schemes [1].
	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 




In this contribution, we provide our considerations for design of NOMA from transmitter side.

2. Discussion on transmitter side processing
2.1. Modulation for NOMA
In UL NOMA, multi-users share the same resources based on transmitter side data processing for NOMA, such as UE-specific symbol-level spreading/interleaving/scrambling, to combat inter-user interference. The transmitter side data processing for current NOMA schemes can be with legacy modulation. In Rel. 15, both CP-OFDM and DFT-s-OFDM waveforms are supported in UL. Regarding modulation, 2/Pi BPSK is introduced in UL for DFT-s-OFDM waveform since it can provide better performance, e.g. in coverage and reliability. Therefore, BPSK modulation can also be considered for CP-OFDM waveform, for that BPSK modulation may provide benefits for performance and complexity.

We consider BPSK modulation as a general modulation for any NOMA scheme for CP-OFDM waveform. As a simple example, we describe the principle of application of BPSK modulation for NOMA assuming basic NOMA processing, i.e. with common symbol-level spreading. 
For enhancing anti-interference ability in NOMA, the basic principle is reducing cross-correlation of wireless channel or signal between users as soon as possible, or in other words increasing processing degrees of freedom. Most NOMA schemes acquire this effect by introducing symbol-level spreading and scrambling especially when the number of users is much larger than receiver antennas.
Generally, all modulation constellations are complex-value signals, such as BPSK, QPSK, or 16QAM. In fact, a BPSK modulated symbol is one real value by phase rotation, while the imaginary value of the BPSK modulated symbol equals to zero, as shown Figure 1 below. Based on the feature of BPSK, more degrees of freedom can be exploited. In result, simple receiver processing can be adopted, e.g. based on legacy MMSE-IRC processing
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Figure 1:  BPSK modulation with phase rotation
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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is double compared to which in original 
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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].

Proposal 1: BPSK modulation with low to middle code rate for CP-OFDM waveform is supported. 

2.2. RE mapping for NOMA
Regarding RE mapping, there are different methods among NOMA schemes. One family is that all the REs within the allocated RBs are occupied in UL, i.e. without UE-specific RE mapping. In such case, very low code rate for each multiplex UE can be achieved, as shown in Figure 2. However, when the number of multiplexed UEs increases, the collision probability among different UEs may also increase. Besides, it could be more difficult to combat the inter-user interference among the multiplexed UEs at receiver side since the orthogonality of the spreading/scrambling would be weaker. Another issue of such RE mapping is that the PAPR may be high due that on each RE there exists UL signal from all the multiplexed UEs. 
Different from RE mapping onto all resources, a distributed RE mapping method can be considered. An example is 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. 
               [image: image11.png]Ml cocatized

1PRB=125CS

all the
NOMA users
occupy all
REs in

allocated
bandwidth




                                                      [image: image12.png]combl
comb2

1PRB=125CS

half the

NOMA
users

occupy

all

green

REs, anot

her half

in

yellow

REs




       
Figure 2: Localized allocation                                  Figure 3: Distributed allocation with RE comb2
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.
Observation 1: Distributed RE mapping can provide frequency diversity and PAPR reduction.
Proposal 2: Distributed RE mapping for NOMA is supported.  

2.3. PAPR 
Peak-to-average power ratio (PAPR) or cubic metric (CM) are one important issue that needs to be emphasized from UE’s perspective and system’s perspective. This is because high power amplifier efficiency should be ensured at UE side to avoid unnecessary power consumption. From network perspective, data transmission with low CM is essential for coverage limited scenario, e.g. mMTC or eMBB macro cell. In LTE uplink, OFDM with DFT precoding is adopted in order to reduce the PAPR of transmitted signal. As in NR uplink, there is similar requirement. Thus, the usage of NOMA schemes should be friendly to low PAPR transmission.
The comparison of PAPR between localized RE mapping and distributed RE mapping is shown in Figure 4. It can be seen that distributed RE mapping can provide PAPR reduction comparing to localized RE mapping. As discussed above, distributed RE mapping can retain frequency diversity at the same time.
[image: image13.emf]3 4 5 6 7 8 9 10 11

PAPR[dB]

10

-3

10

-2

10

-1

10

0

C

C

D

F

=

P

r

o

b

a

b

i

l

i

t

y

(

P

A

P

R

>

P

A

P

R

0

)

eMBB,12PRB, CP-OFDMA

QPSK,localized in all RES

BPSK,localized  in all RES

QPSK,REmapping,comb2

BPSK,REmapping,comb2


Figure 4: PAPR comparison between localized RE allocation and distributed RE allocation
Observation 2: 
· PAPR of BPSK modulation is slightly better than that of QPSK.
· Distributed RE mapping can provide PAPR reduction compared to localized RE allocation.
2.4. DMRS design
For Rel-15 grant-free transmission, DMRS is used for UE identification.  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.

Considering distributed RE mapping as discussed above, more flexible DMRS comb-like structure compared to Rel.15 can be considered. For example, DMRS REs are distributed as those of data, where different parts of RE allocation correspond to different DMRS combs. It could be beneficial for reduced false alarm probability of detection. 

Proposal 3: Comb-based DMRS can be considered for UL NOMA.

3. Performance evaluation
In order to present our views, only the scenario of eMBB was selected in this section for reducing workload of simulation, although other scenarios (mMTC, URLLC) are important too. The detailed simulation assumptions are shown in Table 1 in Appendix.
Figure 5 shows the BLER vs. SNR curves for MU-MIMO with MMSE-IRC receiver with TBS = 20 Bytes. The number of users are 4, 8, 12, and 16. QPSK and BPSK are assumed for the simulations. Regarding RE mapping, both localized RE allocation and distributed RE allocation with comb 2 are adopted. From the figure, we can see that BPSK for MU-MIMO with MMSE-IRC can achieve better performance compared to that for QPSK. On the other hand, distributed RE allocation outperforms localized RE allocation for both BPSK and QPSK cases. Compared to localized RE allocation, the performance gains for distributed RE allocation for BPSK modulation become larger when the number of users increases. 
Figure 6 shows the BLER vs. SNR curves for MU-MIMO with MMSE-IRC receiver with TBS = 80 Bytes. The number of users are 4, 8. It can be seen that BPSK for MU-MIMO can still outperform QPSK in case of localized RE allocation. For distributed RE allocation, the code rate for BPSK modulation becomes so high that there could be performance loss. 
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                             (a). Multi-users=4                                              (b). Multi-users=8
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(c). Multi-users=12                                            (d). Multi-users=16
                                                 Figure 5: MMSE-IRC performance of 20 bytes
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(a). Multi-users=4                                              (b). Multi-users=8
Figure 6: MMSE-IRC performance of 80 bytes
Observation 3: 
· BPSK with MMSE-IRC outperforms QPSK in most scenarios.
· BPSK and distributed RE mapping have better performance compared to QPSK and localized RE mapping. 
4. 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.
Observation 1: Distributed RE mapping can provide frequency diversity and PAPR reduction.
Observation 2: 
· PAPR of BPSK modulation is slightly better than that of QPSK.
· Distributed RE mapping can provide PAPR reduction compared to localized RE allocation.
Observation 3: 

· BPSK with MMSE-IRC outperforms QPSK in most scenarios.

· BPSK and distributed RE mapping have better performance compared to QPSK and localized RE mapping. 
Proposal 1: BPSK modulation with low to middle code rate for CP-OFDM waveform is supported. 

Proposal 2: Distributed RE mapping for NOMA is supported.  

Proposal 3: Comb-based DMRS can be considered for UL NOMA.
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Appendix
Table1:  LLS assumptions and parameters
	Parameters
	eMBB

	Carrier Frequency 

and Numerology
	4 GHz with SCS = 15 kHz, #OS = 14

	Waveform
	CP-OFDM

	Channel coding
	NR LDPC

	Allocated bandwidth
	12PRBs

	TBS per UE
	[20, 80,150] bytes

	BS antenna configuration
	4Rx for 4 GHz

	Propagation channel & UE velocity
	TDL-A 30ns, 3km/h

	Channel estimation
	Ideal channel estimation and realistic channel estimation

	DMRS overhead
	2/14

	MA signature allocation
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0
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