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1
Introduction
In RAN1#84bis and RAN1#85 meetings, the following agreements regarding multiple access schemes for NR have been made
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases. [1]
· At least for UL mMTC, autonomous/grant-free/contention-based non-orthogonal multiple access should be studied. [1]
· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied [2]
· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration

· Case 2: Realistic open-loop power control with certain alpha and P0 values

· Case 3: Close-loop power control

· Receiver impact
· LLS evaluation with ideal and realistic channel estimation [3]
For mMTC scenario with massive infrequent small packets, contention-based uplink non-orthogonal multiple access can be used to reduce latency, signalling overhead, power consumption, and increase connection density. In this contribution, we will focus on potential usage scenarios for non-orthogonal multiple access in URLLC and eMBB.
2
NOMA usage scenarios in URLLC and eMBB
2.1
Uplink access latency analysis
In LTE, a UE with data to send must send a Scheduling Request (SR) to ask eNB to send uplink grant first. After receiving a scheduling grant, UE can transmit the uplink data packet. In order to send a SR it must wait for a SR opportunity on PUCCH resource and a corresponding scheduling grant transmitted to the UE in response. When the grant is decoded the data transmission can start over PUSCH. 
As an example, a simple assessment of important sources of latency for an UL access is presented in Table 1. Assuming the average waiting time for a SR opportunity at a periodicity of 10 TTI (Transmission Time Interval) is 5 TTI and decoding (processing) delay is 3 TTI, resulting in an uplink access latency of 17 TTI in this example.

Table 1. LTE uplink access latency analysis
	Component
	Description
	Time (TTI)

	1
	Average waiting time for SR opportunity (10TTI SR period)
	5

	2
	UE sends Scheduling Request on PUCCH
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay
	3

	6
	Transmission of UL data and Buffer Status Report
	1

	7
	Data decoding in eNB
	3

	
	Total
	17


For contention-based uplink access, UE can transmit UL data without sending SR, and multiple UEs may share the same time-frequency resource. The contention-based uplink access procedure is listed below

1. The eNB configures the same time-frequency resource for several UEs.

2. The UE(s) sends UL data and Buffer Status Report (BSR) to the eNB using the configured time-frequency resource.

If eNB can successfully decode and contention-based uplink access period set to 1 TTI, the average uplink access latency is reduced to 4.5 TTI as illustrated in Table 2. Apparently, contention-based uplink access can significantly reduce uplink access latency compared to LTE uplink access.
Table 2. Contention-based uplink access latency analysis
	Component
	Description
	Time (TTI)

	1
	Average waiting time for CB UL access opportunity (1 TTI CB UL access period)
	0.5

	2
	Transmission of UL data and Buffer Status Report on PUSCH
	1

	7
	Data decoding in eNB
	3

	
	Total
	4.5


2.2
NOMA for URLLC
URLLC requires ultra low latency and ultra high reliability. Since the UEs are assumed to be already in synchronization and good coverage, we can use contention-based uplink non-orthogonal multiple access to reduce the uplink access latency of 1st transmission. Compared to orthogonal multiple access, non-orthogonal multiple access can have better capability to differentiate collided UEs and provide lower packet drop rate in contention-based uplink transmission [4][5]. In case 1st transmission fails, UE may send SR to request uplink grant for retransmission. To fulfill ultra reliable BLER requirement, grant-based uplink access can be used for following data transmissions (if any). 
Observation 1: Contention-based non-orthogonal multiple access is a good candidate for 1st transmission of URLLC.
Proposal 1: Contention-based uplink non-orthogonal multiple access should be studied for URLLC.
2.3       NOMA for eMBB

For eMBB scenario, grant-based non-orthogonal multiple access can be expected to enhance performance for uplink small packet transmission. For example, aperiodic CSI reporting is one potential usage scenario. The eNB could trigger a group of UEs for aperiodic CSI reporting at the same time. The advantage of this approach is control signalling overhead reduction. According to link-level simulation results in [6] and [7], in this case non-orthogonal multiple access, e.g., GOCA and RDMA, can provide better performance than orthogonal multiple access under different channel and different number of multiplexed UEs scenarios. 
Observation 2: Grant-based non-orthogonal multiple access is a good candidate for uplink small packet transmission in eMBB.

Proposal 2: Grant-based uplink non-orthogonal multiple access should be studied for eMBB.
3
Conclusion
In this contribution, we discuss potential usage scenarios for non-orthogonal multiple access in URLLC and eMBB. Our observations and proposals are listed below: 
Observation 1: Contention-based non-orthogonal multiple access is a good candidate for 1st transmission of URLLC.

Observation 2: Grant-based non-orthogonal multiple access is a good candidate for uplink small packet transmission in eMBB.

Proposal 1: Contention-based uplink non-orthogonal multiple access should be studied for URLLC.
Proposal 2: Grant-based uplink non-orthogonal multiple access should be studied for eMBB.
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