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1
Introduction
In [1]-[3], we have presented a non-orthogonal coded access scheme, which is abbreviated as NOCA. In this contribution, NOCA used for grant-free access is further evaluated and analyzed. 
2
UL access with NOCA 
The basic idea of NOCA is that the data symbols are spread using non-orthogonal low correlation sequences, e.g. 
·  LTE defined QPSK sequences used for UL RS;

·  ZC sequences

For both kinds of sequences, we can deduce the non-orthogonal spreading sequences from using multiple roots, each root with multiple available sequences coming from different CS. These low correlation sequences include both orthogonal and non-orthogonal sequences, As a result, the number of spreading sequences is greatly increased compared with orthogonal code based spreading. Therefore when using NOCA in grant-free access, the MA signature collision probability can be greatly reduced. 
In NOCA, the spreading can be applied in frequency domain and/or time domain based on configuration. The basic transmitter structure is shown in Figure1, where frequency domain spreading is applied for OFDM based waveform. The SF denotes the spreading factors and Cj is the spreading sequence of the j-th user. The original modulated data sequence is firstly converted into P parallel sequences, then each sequence is mapped onto SF subcarriers. The total number of subcarriers is therefore P*SF for transmitting the data stream. By using different spreading sequences, multiple users can be multiplexed in the given time-frequency resource. 
Observation 1: NOCA uses plenty number of non-orthogonal sequences, therefore MA signature collision can be alleviated for grant-free access.
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Figure1 Basic transmitter structure of NOCA
In grant-free channel with NOCA, preamble is transmitted together with spread data [4]. To increase preamble detection probability, orthogonal sequences can be used for preamble signature. Each preamble signature Pj is associated with a spreading code Cj, such that when the preamble signature is detected, receiver knows the associated spreading code used in the data part. Due to low cross-correlation property of proposed non-orthogonal coded sequence [1], the data symbols can be recovered by simple linear receiver when the number of multiplexed users is small. When multiplexed user number becomes larger, advanced receiver like code word based interference cancellation can be considered [5]. 
In the grant-free access channel with NOCA, each Pj and Cj pair is treated as a transmission opportunity (TO). The number of TO equals to the minimum number of preamble signatures and NOCA codebook length. As it is usually easier to generate more preamble signature by adopting longer orthogonal sequences than SF of NOCA, TO will be limited by the length of NOCA codebook. 

An example of channel structure for grant-free access channel with NOCA is shown in Figure 2. In the example, the channel contains 14 OFDM symbols, the first 2 symbols are used for preamble, and following 12 symbols are used for data part. It should be noted this is just for illustration only. In practice, the numerology of preamble and data transmission can be same or different.
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Figure 2 Channel structure example and user multiplex of grant-free access channel with NOCA
Figure 3 shows the BLER performance of NOCA [1], where equal received power is assumed for the multiplexed UEs. It is evaluated based on RAN1 agreed link level simulation assumptions and detailed link level simulation assumptions are provided in the Appendix. 
Besides, the UEs are UL synchronized. The performances of joint MMSE with one and two iterations IC in the receiver side are evaluated. It is observed that in the given 10% BLER, if using 1-iteration IC, there is around 0.5dB performance gain for 100% overloading for NOCA compared with OFDMA based scheme. And the performance is similar with OFDMA for 150% overloading. The performance degradation at 200% overloading is slightly larger than 1dB. While if using 2-iteration IC, the NOCA performances are clearly improved. The performance gain is within 1dB for 100% and 150% overloading while the performance loss for 200% overloading is lower than 1dB.
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Figure 3 Link level performance of NOCA with equal received power among multiplexed UEs
Observation 2: Under reasonable receiver complexity, NOCA scheme can support more users’ access than OFDMA based access with acceptable performance loss when in high overloading.
Figure 4 shows the performance of NOCA with unideal UL synchronization. Here the time offsets between UEs are assumed to be within two CPs. In the simulation, total 18 UEs transmit packet parallel in UL, which respond to150% user overloading. As shown in the figure, compared to ideal UL synchronization, there is almost no performance degradation for the UL synchronization case1. For UL synchronization case2, compare to ideal UL synchronization, the link level performance is degraded ~1 dB at BELE =10% as the ISI and ICI of OFDM symbol introduced by the asynchronous. 
Observation 3: The link level performance of NOCA when UL synchronization keeping within one CP is almost same with that with ideal UL synchronization.
Observation 4: When the time offsets between UEs are extended to within two CPs, NOCA scheme show acceptable performance loss.
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Figure 4 Link level performance of NOCA with unideal UL synchronization
3
SLS Performance Evaluation 
In the evaluation, system packet drop rate (PDR) is evaluated for NOCA and OFDMA in mMTC scenario, where carrier frequency is 700MHz and Inter site distance is 1732m. We assume total bandwidth for UL mMTC transmission is 6RBs and UE send 40byte packet each time. For OFDMA, 40 byte packet is segmented to 2 transport blocks. Each transport block is transmitted using 1RB, and therefore 2 continued TTIs are involved in the packet transmission. UE will randomly choose one of 6 RBs for packet transmission. For NOCA, SF=12 is used in the simulation. The 40 byte packet is segmented to 4 TBs. The 40 byte packet is transmitted by using 6RBs in each TTI and therefore 4 continued TTIs are needed. NOCA user will randomly choose one of 156 code (SF=12) for grant-free transmission [1]. With the system loading increases, user collisions will happen. For OFDMA, user collision happens when two or more users choose a same unit for their packet transmissions in a same time slot. For NOCA, user collision happens when two or more users choose the same code sequence. The joint MMSE with two iterations IC receiver as descripted in previous chapter is used in the system level simulation. We assume HARQ with combining is used in the simulation. The maxim retransmission number is 3. The fractional power control setting is different for OFDMA and NOCA. For OFDMA, P0=-80dBm and alpha = 1 are assumed, while for NOCA, P0=-125dBm and alpha=1 are assumed. This parameter is selected to optimize the target PDR = 0.01. Detailed evaluation assumptions can be found in appendix.
Figure 5 shows the PDR of grant-free transmission with NOCA and OFDMA. From the figure, with packet arrival rate (PAR) increase from 0 to 6/ms/sector, PDR of OFDMA users exceed 1% @ PAR=1.1/ms/sector, and 5% @ PAR=2.2/ms/sector. The PDR of NOCA users exceed 1% @ PAR=3.6/ms/sector and 5% @ PAR=4/ms/sector. NOCA has demonstrated 327% gain over the OFDMA baseline for target PDR 0.01. The reason is that compared to OFDMA scheme, NOCA users perform spreading by using low correlate non-orthogonal code. The scheme enables NOCA to support more simultaneous users by using the same UL channel bandwidth. At the same time, SF=12 is used in NOCA, which provides ~10.8dB spreading gain compared to OFDMA, therefore can conquer large path loss for cell edge users. 
From the simulation, we can see NOCA with larger SF is an efficient way to improve the performance of coverage extension users in mMTC scenario. However in the simulation, NOCA users take 6 RBs for packet transmission because of the frequency domain code spreading, while OFDMA users only take 1 RB for packet transmission, which enables OFDMA scheme have ~7.8dB MCL gain than NOCA. NOCA’s performance will be further improved if we limited NOCA user take 1 RB in UL (extend the transmission in time domain at the same time). 
From the figure, PDR of NOCA increases quickly with PAR when PDR is over 1%, and exceed PDR of OFDMA @ PAR=4.3/ms/sector. The reason is that the fractional power control setting of NOCA and OFDMA are optimized for PDR 1%. P0 of NOCA is -125dBm which is extreme low value, and reduce the possibility for the users to reach the maximum transmission power, but the extreme low P0 value makes the users SINR decrease below the decoding threshold quickly with collision rate increasing. 
.
[image: image5.png]20%

15%

5%

0%

NOCA (SF=12) vs OFDMA

3 4 5
PAR( arrival/ms/sector)

—8— OFDMA
—8—NOCA




Observation 5: NOCA achieves significant gains over OFDMA in terms of supported system loading under mMTC scenarios in the grant-free transmission framework.
Based on the observations, we have the following proposal,

Proposal: NOCA channel structure with low correlation sequences is taken as the baseline for spreading based non-orthogonal multiple access.
4
Conclusion
In this contribution, we have the following observations and proposal for non-orthogonal coded access: 
Observation 1: NOCA provides plenty number of sequences, therefore collision in code domain can be alleviated for grant-free access.
Observation 2: Under reasonable receiver complexity, NOCA scheme can support more users’ access than OFDMA based access with acceptable performance loss when in high overloading.
Observation 3: Overloading of NOCA will not impact the link level performance when UL synchronization keeps within one CP.
Observation 4: When the time offsets between UEs are extended to within two CPs, NOCA scheme show acceptable performance loss.

Observation 5: NOCA achieves significant gains over OFDMA in terms of supported system loading under mMTC scenarios in the grant-free transmission framework.
Proposal: NOCA channel structure with low correlation sequences is taken as the baseline for spreading based non-orthogonal multiple access.
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LLS Simulation assumptions,

	Parameters
	Values or assumptions

	Waveform
	OFDM

	Channel coding
	Turbo

	Allocated PRB Number
	12

	Bandwidth Per PRB
	15 kHz * 12 = 180 kHz

	TTI
	1ms

	Overhead
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission

	MCS
	QPSK,1/2

	BS antenna configuration
	2Rx

	UE antenna configuration
	1Tx

	SNR distribution
	Equal/unequal SNR;

	Propagation Model and UE velocity
	ETU, 3km/h

	Max number of HARQ transmission
	1

	Overloading factor
	100%, 150%, 200%

	Spreading sequence selection
	random

	Channel estimation
	ideal

	Receiver
	joint MMSE+IC


SLS Simulation assumptions, UL mMTC scenario
	Parameters
	Values or assumptions

	Layout
	Single layer Macro layer: Hex. Grid, 3sectors/cell

	Inter BS distance
	1732m

	Carrier frequency 
	700MHz

	Channel model
	3D Uma

	Simulation bandwidth
	6RBs

	Bandwidth per user per transmission
	OFDMA: 1RBs

NOCA: 6RBs

	Spreading factor
	OFDMA: 1

NOCA: 12

	UL TX Power 
	23dBm

	BS antenna configuration
	2Rx

	BS antenna pattern 
	Follow the modeling of TR36.873  

	UE antenna configuration
	1Tx

	UE antenna gain 
	-4dBi

	UE distribution 
	80% indoor, 20% outdoor

	BS receiver 
	Joint MMSE+IC

	UE power control 
	OFDMA: alpha:1; P0:-90dBm
NOCA: alpha:1; P0:-125dBm

	Channel estimation 
	ideal

	Data packet arrival rate per UE(λ)
	input

	Number of UEs per cell 
	100 per sector

	Packet size with details of packet segmentation assumption 
	OFDMA: Fixed 40Bytes: 20 bytes per segmentation

NOCA: Fixed 40Bytes: 10 bytes per segmentation

	Target Packet drop rate 
	0.01

	HARQ assumption 
	Max 3 repetition of HARQ with combining
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