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1. Introduction
Grant-free transmission is quite attractive for the R-14 NR study, either with or without non-orthogonal multiple access (NOMA), especially when the transmission is relative to massive connections, low latency or sporadic uplink services. For example in the study of multiple access, it was agreed that

· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.
And the following observations were made
· Non-orthogonal MA schemes using an advanced receiver have little or no performance loss due to MA signature (except RS) collision.
· Some non-orthogonal MA results combined with narrowband and/or repetition operations can reach -164 dB MCL @160bps data rate, which meets the coverage requirement for NR.
· Non-orthogonal MA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation.
In the URLLC-related study, it was agreed that
· At least an UL transmission scheme without grant is supported for URLLC

· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design
A new “inactive” state has been introduced in RAN2. There are two ongoing email discussions about the solutions for UL data transmission in inactive state
· Solution A: sending UL data without RRC signalling in inactive state and without UE initiating transition to connected
· Solution B: sending UL data with RRC signalling in inactive state with/without transition to connected
Similar as mMTC and URLLC, grant-free NOMA can be adopted for some of the eMBB cases, especially for the UL transmission of small packet in inactive state. In this contribution, the advantage of grant-free transmission in terms of resource efficiency and transmission latency for eMBB small packet is analyzed, and the performance of grant-free NOMA is evaluated through system-level simulations. 
2. Grant-free transmission for small packet
In eMBB scenario, many applications are carried with rather small payload at physical layer. Small packet transmission can be highly inefficient with scheduling-based orthogonal multiple access, simply because of the sheer overhead of the signalling. The UE would better operate in inactive state with grant-free transmission. The establishment of RRC connection can be saved and the signalling overhead is significantly reduced.  

Similar as the grant-free concept in the discussions of mMTC and URLLC, the characteristics of UL grant-free transmission for eMBB small packet can be defined as: 1) a transmission from UE does not need the dynamic and explicit scheduling grant from eNB; 2) multiple UEs can share the same time and frequency resources. There are several different ways to realized grant-free transmission, as shown below.
1) Semi-persistent scheduling (SPS)
In SPS-based access, resources (including physical resources and/or MA signature) are persistently assigned to a user for its UL transmission. The UE does not need the dynamic and explicit scheduling grant from eNB once the periodic resource allocation has been assigned. SPS is a feature that significantly reduces control channel overhead for applications that require persistent resource allocations of small packets such as VoIP [1]. However, for the aperiodic traffic or flexible packet sizes, SPS is not quite efficient in terms of resource utilization or latency.
2) Contention based-PUSCH (CB-PUSCH)
CB-PUSCH has been introduce in TR36.881 [2], aiming at low latency for the transmission of small packet. Multiple UEs may share the same physical resource for CB-PUSCH transmission. Therefore, it allows more efficient resource utilization compared to the existing pre-scheduling schemes such as grant-based or SPS-based. Collision will happen if two or more UEs that share the same physical resource perform the UL transmission at the same time, and in this case the eNB may not be able to successfully decode all of the PUSCH transmissions. Meanwhile, the potential retransmissions can result in increased latency due to the collision issue.
3) Grant-free NOMA
Many schemes in the discussion of NR multiple access are proposed with grant-free concept where each UE can randomly select resources, such as MUSA [3][4], SCMA [5], RSMA [6]. From system perspective, the grant-free transmission based on NOMA schemes can be considered as a special case or enhancement to CB-PUSCH. As the system load increases, non-orthogonal characteristic is more pronounced. To combat the high likelihood of resource collision, transmitter side schemes such as spreading and interleaving are normally employed to improve the performance and ease the burden of advanced receivers. Spreading and interleaving can also provide time and/or frequency diversity when the data are distributed over time and/or frequency resources. This is important for grant-free transmission where dynamic scheduling and intricate link adaptation are normally not available. In addition, other cell interference can be randomized by spreading and interleaving so that the interference power is more steady and amiable to receivers. 
The comparison of different grant-free schemes is summarized in Table 1.
Table 1 Comparison of different grant-free schemes
	Grant-free scheme
	SPS
	CB-PUSCH
	Grant-free NOMA

	Signalling overhead reduction
	Yes
	Yes
	Yes

	Resource utilization efficiency
	Low
	Medium/High
	High

	Latency reduction
	Low/Medium
	Medium
	High

	Receiver complexity
	Low
	Low
	Medium/High


Observation 1: Grant-free NOMA is beneficial for eMBB small packet transmission due to efficient resource utilization and good tolerance to the resource collision.
3. Performance evaluation

3.1. System-level simulation assumption for eMBB small packet
In this section, we compare the grant-free MUSA scheme with the baseline non-spreading OFDMA scheme, to show the benefit of spreading based NOMA in terms of system capacity and transmission latency. For both schemes, UE can randomly selected a physical resource for UL grant-free transmission, while the main differences are 1) whether non-orthogonal spreading is used at transmitter side; 2) whether advanced receiver such as SIC is adopted at receiver side.
The simulation assumptions are listed in Table 2. Most of the parameters are referred to TR 38.802 [7], and some parameters such as traffic model and packet size are taken from TR 36.881 [2], in order to reflect the characteristics of eMBB small packet transmission.
Table 2 Simulation assumption for eMBB small packet

	Parameter
	Non-spreading scheme
	Grant-free MUSA

	Layout
	Single layer: Macro layer: Hex. Grid

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	20MHz (50 PRBs), 20 PRBs used for grant-free transmission

	Channel model
	3D UMa 

	BS Tx power 
	44 dBm

	UE Tx power 
	23 dBm

	BS antenna configurations
	2 TXRUs

	BS antenna height 
	25m

	BS antenna element gain + connector loss
	Follow TR36.873

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB

	UE antenna configuration
	1 TXRU

	UE antenna height
	Follow TR36.873, multiple floor

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Traffic model
	FTP model 3 with packet arrival according to Poisson process

	Packet arrival rate (equalized resource utilization)
	1, 2, 2.4, 3.2, 4 packet/ms/sector
(25, 50, 60, 80 and 100%)
	1, 2, 2.4, 3.2, 4 packet/ms/sector

	Packet size
	Fixed 100 Bytes

	Number of UEs
	20 per cell

	Max. retransmission
	4, no HARQ combining

	UE distribution
	- Uniform/macro TRP 

- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC 
	MMSE-SIC 

	Power control
	Open loop power control, P0 = -100 dBm, alpha = 1.

	Feedback assumption
	Ideal

	Channel estimation
	Ideal

	Metric
	1. Packet error rate per UE (vs. PAR)
2. Throughput per sector (vs. PAR)
3. Transmission latency (CDF statistics)


3.2. Other specific assumptions

· Grant-free transmission

Totally 20 PRBs are allocated for the grant-free transmission. For the non-spreading scheme, the 20 PRBs are split into 4 subbands, where each subband contains 5 PRBs. UE could randomly select one subband for the transmission of 100 Byte small packet within 1 ms subframe, with QPSK modulation and 5/9 coding rate.

For the grant-free MUSA scheme, UE randomly select a complex spreading sequence with short length of 4 for transmission, the pool size of spreading sequences is set as 64 to guarantee low collision probability as well as low cross-correlation property [8]. The spreading is implemented in the frequency domain, so each UE’s packet occupies the whole allocated bandwidth and 1 ms subframe. 
· Retransmission

If a packet is not received successfully by base station, UE would retransmit the packet in grant-free manner with a random back-off time to avoid consistent collision. A packet is considered as dropped if the retransmission time reaches the maximum, e.g. 4. No HARQ combined is considered in this simulation. In this contribution, we assume the ACK/NACK message would be received with a fixed 4 ms delay, and the back-off time is randomly chosen from {1, 2, 3, 4} ms.
· Power control

Open loop power control is assumed for grant-free transmission. Different values of 
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 lead to different distributions of SINR, as shown in Figure A1 in Appendix, which would have impact on the simulation results. The pre-processing SINR is estimated as the averaged received power ratio between the target use and all the interfered users in the adjacent sectors plus noise. In order to isolate the influence of power fluctuation and focus on the evaluation of collision resolution capability, 
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are assumed in this contribution.
· Receiver

MMSE-SIC receiver is used for MUSA, since ideal channel estimation is used currently, if one UE is detected successfully, the interference caused by this UE could be cancelled perfectly. The physical layer abstraction method is described in [9].
3.3. Simulation results
The averaged packet error rate (PER) is compared in Figure 1, from which it can be found that the grant-free MUSA outperforms the non-spreading scheme at different sets of packet arrival rate (PAR). For high arrival rate, the probability of multiple users transmit on the same physical resources would be large, and the performance gain of grant-free MUSA comes from the resistance of collision due to the non-orthogonal spreading and SIC receiver. And for low arrival rate, the diversity gain can be achieved for the spreading-based MUSA scheme.
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Figure 1 Comparison of packet error rate between grant-free MUSA and non-spreading scheme.

Observation 2: Grant-free MUSA is more robust to resource collision due to the non-orthogonal spreading and SIC receiver.

Figure 2 shows the comparison of packet dropping rate (PDR) and the corresponding throughput per sector. Due to the up to 4 retransmissions, the collision probability of multiple UEs that choose the same subband can be reduced significantly when the traffic load is light. While for grant-free MUSA, the retransmission gain is not that obvious since the spreading sequences are not absolutely orthogonal. So the overall performance for low PAR is similar. However, for the high traffic load, the superiority of grant-free MUSA in terms of collision resolution is observed. When PAR is higher than a certain value (approximately 2.5 packet/ms/sector), the performance of non-spreading scheme degrade drastically since the collision cannot be avoided even with a number of retransmissions.
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Figure 2 Comparison of packet dropping rate and throughput per sector.

Observation 3: Grant-free MUSA can provide higher throughput especially at heavy traffic load.
Furthermore, we compare the statistics of transmission latency between grant-free MUSA and non-spreading scheme at different numbers of traffic load. As indicated in Section 3.2, up to 4 retransmissions is allowed in our simulation assumptions, and a packet is considered as dropped if the retransmission time reaches the maximum value. Assuming the ACK/NACK message would be received with a fixed 4 ms delay and the back-off time is randomly chosen from 1-4 ms, the maximum transmission latency is 32 ms. It can be observed from Figure 3 that, grant-free MUSA can keep low latency even at high traffic load, and most of the packet can be received correctly without retransmission. The packet dropping is mainly because that some of the UEs have the SINR lower than the threshold of demodulation. On the other hand, the transmission latency of the non-spreading scheme increases significantly along with the packet arrival rate, which is due to the higher number of retransmission caused by higher collision probability. Especially when the PAR is relatively higher, the percentage of packet dropping for non-spreading scheme increases significant.
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Figure 3 Comparison of transmission latency between grant-free MUSA and non-spreading scheme
Observation 4: Grant-free MUSA is robust to resource collision and thus can guarantee low transmission latency.

4. Conclusions

In this contribution, grant-free NOMA target for eMBB small packet transmission is discussed. Preliminary system level performance are evaluated in terms of system capacity and transmission latency.
Based on this contribution, we make the following observations:
Observation 1: Grant-free NOMA is beneficial for eMBB small packet transmission due to efficient resource utilization and good tolerance to the resource collision.

Observation 2: Grant-free MUSA is more robust to resource collision due to the non-orthogonal spreading and SIC receiver.

Observation 3: Grant-free MUSA can provide higher throughput especially at heavy traffic load.
Observation 4: Grant-free MUSA is robust to resource collision and thus can guarantee low transmission latency.
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Figure A1 Distributions of estimated SINR for different parameters of power control 
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