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1 Introduction

At the RAN1 #86 meeting, the following agreements were made regarding UL non-orthogonal multiple access (NOMA) [1]:

· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.

In addition, the following agreements were made with respect to the MA resource and MA physical resource [1]: 

· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block

· Note: spatial dimension is not considered as a physical resource in this context

· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:

· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 

The following agreements were made for NOMA performance evaluation [1]:

· For NR non-orthogonal multiple access evaluation, realistic channel estimation is prioritized and the following aspects are considered
· The proposed DMRS pattern(s), if any, for channel estimation
· FFS: DMRS overhead. E.g., LTE UL DMRS overhead can be used as a reference.

· FFS: DMRS contamination due to inter-cell interference

· FFS: Impact of DMRS collision in case of “autonomous/grant-free/contention based”  multiple access
· Note: companies report the DMRS settings used for the LLS/SLS evaluation.
In this contribution, we present our view on preamble and DM-RS design and present link level simulation results for realistic channel estimation algorithm for UL NOMA schemes.  
2 Discussion on preamble and DM-RS design
To decode the packet from multiple UEs, eNB may first perform packet detection to detect whether the uplink data packet is present in a common physical resource and subsequently, DM-RS identification to ensure appropriate channel estimation and timing/frequency offset compensation. This indicates overall demodulation and decoding performance heavily relies on reliable channel estimation, especially in the presence of non-orthogonal transmissions from multiple UEs. To achieve better decoding performance, the DM-RS design should facilitate realization of “SINR gains” either based on processing gain of the sequences based on long spreading and subsequent de-spreading operations or based on the combining gain from repetitions and subsequent cross-time-slot/cross-subframe filtering of the DM-RS symbols at the eNB receiver.
In the design of DM-RS sequence, low cross-correlation properties should be maintained with at least quasi orthogonality between different sequences. Typically, quasi-orthogonal DM-RS sequences can provide a larger code space compared to fully orthogonal sequences, which is beneficial in the support of massive number of MTC devices in the network. However, from reception perspective, quasi-orthogonality of DM-RS sequence may result in channel estimation performance degradation, and thus overall decoding performance loss when multiple users transmit the uplink data packet in the same physical resource. To overcome this issue and improve the channel estimation performance, advanced channel estimation algorithms, e.g., MMSE algorithm with interference cancellation may need to be implemented at eNB receiver. 

In general, a combination of fully orthogonal and quasi-orthogonal sequence may be considered for DM-RS in uplink NOMA. Using LTE as an example, DM-RS sequence for PUSCH consists of a base sequence and a cyclic shifted version of the base sequence. More specifically, the base sequences from different cells are quasi-orthogonal with relatively low cross correlation while different cyclic shifted versions of the same base sequence are completely orthogonal in frequency flat channels. For DM-RS sequence design in NOMA, PUSCH DM-RS in LTE may be considered as a starting point, with appropriate modifications to provide large code space for the support of massive number of UEs. 

As agreed in the RAN1 #85 meeting [2], DL synchronization is assumed for autonomous/grant-free/contention based UL non-orthogonal multiple access. However, when multiple UEs transmit the data packet in the same physical resources, UL synchronization may or may not be assumed. To support UL non-synchronized scenario where multiple UEs transmit the uplink packet following DL reference timing without application of timing advance and resulting timing offsets between UEs are greater than a cyclic prefix, additional preamble may be inserted at the beginning of uplink transmission so as to allow eNB to accurately estimate the time of arrival from multiple UEs. This additional preamble, together with DM-RS may further help improve the channel estimation performance, especially for UL synchronized case where timing offset between UEs are within a cyclic prefix. Towards this end, it is preferable to consider a unified preamble and DM-RS design that could be applied to both types of UL synchronized and UL non-synchronized scenarios for NOMA transmissions. 

Proposal 1

· RAN1 to further study the design of DM-RS sequence with the consideration of 

a. large code space to support massive number of devices and

b. Reliable channel estimation performance. 
· A unified preamble and DM-RS design to support both UL synchronized and UL non-synchronized scenarios is preferred.  
3 Link level simulation results 

In this section, we present link-level simulation results for LCRS and SSMA with realistic channel estimation [3]. For SSMA scheme, it is assumed orthogonal sequence using Hadamard code is applied for spreading factor of 4. The simulation assumptions are outlined in the Appendix of this contribution. 
3.1 LCRS and SSMA performance with realistic channel estimation 

Figure 1 and Figure 2 illustrates link level performance with LCRS and SSMA with perfect and realistic channel estimation, respectively. In the simulations, it is assumed that different UEs select different cyclic shift values for DM-RS sequence generation, which indicates that orthogonality is maintained for DM-RS between UEs. 

From the figures, ~0.5dB performance degradation can be observed for realistic channel estimation compared to perfect channel estimation for both LCRS and SSMA schemes.
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Figure 1. Link level performance for LCRS with ideal and realistic channel estimation
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Figure 2. Link level performance for SSMA with ideal and realistic channel estimation
Observation 1:

· With orthogonal DM-RS between UEs, ~0.5dB performance degradation can be observed for realistic channel estimation compared to perfect channel estimation for LCRS and SSMA schemes. 
3.2 Orthogonal and quasi-orthogonal DM-RS

To further investigate the impact of DM-RS sequence on channel estimation, we further present the link level performance using realistic channel estimation algorithm with and without advanced interference cancellation for orthogonal and quasi-orthogonal DM-RS sequence for LCRS with 4 and 8 UEs in Figure 3 and Figure 4, respectively. Note that for channel estimation algorithm with advanced interference cancellation, reconstructed received signals at DM-RS position are iteratively cancelled for each UE and subsequently MMSE-IRC based channel estimation algorithm is performed. 
In the simulations, it is assumed that different root indexes are applied to generate quasi-orthogonal DM-RS sequence for different UEs. With equal power assumption, when the number of UEs increases, strong interference at DM-RS symbol due to non-orthogonality of DM-RS sequences can be expected. 
From the figures, it can be seen that in case of quasi-orthogonal DM-RS sequences, substantial performance improvement can be achieved with channel estimation algorithm with interference cancellation compared to channel estimation without interference cancellation. In particular, when the number of UEs is relatively small, channel estimation with interference cancellation for quasi-orthogonal DM-RS sequence can deliver similar link level performance when orthogonal DM-RS sequence is employed. However, when the number of UEs is relatively large, certain performance degradation is observed due to strong interference at DM-RS symbols. 
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Figure 3. Link level performance for LCRS with ideal and realistic channel estimation based on orthogonal and quasi-orthogonal DM-RS: 4 UEs
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Figure 4. Link level performance for LCRS with ideal and realistic channel estimation based on orthogonal and quasi-orthogonal DM-RS: 8 UEs
Observation 2:

· In case of quasi-orthogonal DM-RS sequences, substantial performance improvement can be achieved with channel estimation algorithm with interference cancellation compared to channel estimation without interference cancellation. 
· When the number of UEs is relatively small, channel estimation with interference cancellation for quasi-orthogonal DM-RS sequence can deliver similar link level performance when orthogonal DM-RS sequence is employed.
4 Conclusions

In this contribution, we presented our link level simulation results for various UL NOMA schemes for NR. Based on the discussion presented, we summarize our views through the following observations:
Observation 1:

· With orthogonal DM-RS between UEs, ~0.5dB performance degradation can be observed for realistic channel estimation compared to perfect channel estimation for LCRS and SSMA schemes. 
Observation 2:

· In case of quasi-orthogonal DM-RS sequences, substantial performance improvement can be achieved with channel estimation algorithm with interference cancellation compared to channel estimation without interference cancellation. 
· When the number of UEs is relatively small, channel estimation with interference cancellation for quasi-orthogonal DM-RS sequence can deliver similar link level performance when orthogonal DM-RS sequence is employed.
Proposal 1

· RAN1 to further study the design of DM-RS sequence with the consideration of 

a. large code space to support massive number of devices and

b. Reliable channel estimation performance. 
· A unified preamble and DM-RS design to support both UL synchronized and UL non-synchronized scenarios is preferred.  
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Appendix: Simulation Assumptions

	Parameters
	Values or assumptions

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM/SC-FDMA

	Channel coding
	Turbo

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	4/8 PRB pairs

	Overhead 
	2 DMRS symbols, no SRS, i.e., 144 available REs per PRB-pair for data transmission

	Target spectral efficiency 

(= required transmission bits per user / total number of resource elements shared for data transmission)
	TBS: 120 bits 

The number of UEs multiplexed: 1 or 8

1 UE for OMA and 8 UEs for NOMA

	Modulation and coding scheme
	QPSK, code rate: 1/8, 1/16

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	SNR distribution of Multiple UEs 
	Equal average SNR

	Propagation channel & UE velocity 
	TDL-A (30ns) and TDL-C (300ns)

UE velocity: 3km/h 

	Max number of HARQ transmission 
	1

	Receiver structure
	MMSE-IRC and MMSE-PIC algorithm 

	Channel estimation
	Ideal and realistic channel estimation algorithm 
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