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1. Introduction
In RAN1 #86 [1], the following agreement has been made:
Agreements:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different sub-bands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded 
In this contribution, we summarize characteristics of typical URLLC use cases. And we also discuss grant-free transmission used for URLLC via analyzing advantages and disadvantages of orthogonal and non-orthogonal MA. 
2. URLLC use cases, KPIs and requirements
URLLC is a key service to be enabled by NR. This use case has stringent requirements for latency and reliability. URLLC use cases not only include human-centric, but also comprise machine-centric communication. Some examples include wireless control of industrial manufacturing or production processes, remote medical surgery, distribution automation in a smart grid, transportation safety and etc. Some of these typical use cases are listed in Table 1.
Table 1: Typical URLLC use cases and requirement
	Typical Use Case
	Deployment Scenario
	service Characteristic
	Latency Requirement
	Reliability Requirement

	eV2X
	Dense urban / Uma / Rma
	CAM/DENM/safety message [2]
	< 10ms
	< 10e-5 [3]

	Augmented Reality
	Indoor / Dense urban / Uma / Rma
	8K stereo video stream
	< 10~20ms (note1)
	/

	Extreme Industrial Control (note 2)
	Indoor hotspot
	High-fidelity control & interaction, periodic and event-triggered, small / medium packet
	<  1~10ms
	< 10e-9

	eHealth
	 Deep Indoor
	High-fidelity control & interaction, periodic and event-triggered, small / medium packet
	<  1~10ms
	< 10e-5

	Smart Grid
	Uma / Rma
	Monitor & dynamic power control
	< 1ms（note3）
	< 10e-5


Note 1: Oculus VR headset recommend 20ms or less motion-to-photon latency.
Note 2: Industrial control scenario mainly includes extreme, conventional and automation 3 types. Requirements of conventional control and automation can be relaxed.

Note 3: The synchronous co-phasing of power suppliers use case requires an end-to-end 1ms latency.
In RAN requirements study item [3], for URLLC the requirement for user plane latency should be 0.5ms for UL, and 0.5ms for DL. And the general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms. Besides above KPIs, the system capacity is also defined as delivered traffic given the latency and reliability constraint that is agreed in the RAN-1 #85 [4].
3. Discussion on grant-free transmission and multiple-access for URLLC 
In LTE system, the physical random access channel is used for several purposes, e.g. for initial access when establishing a radio link moving from RRC_IDLE to RRC_CONNECTED, to establish uplink synchronization if uplink or downlink data arrives when the terminal is in RRC_CONNECTED and the uplink is not synchronized and etc.  Once the connection and radio bearer is established, the uplink data transmission is carried out through a request and grant procedure. The overview of this procedure is illustrated in Fig.1.
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Fig.1: Overview of resource request and uplink data transmission
· Latency analysis
The scheduling request is transmitted by the terminal when new data arrives to the terminal and the terminal has no grant indication. And the possible scheduling request instant appears periodically. If a scheduling request miss the current instant or the terminal does not receive a scheduling grant until the next possible scheduling request instant, then the scheduling request will be transmitted repeatedly. So the range of the delay from scheduling request starts to transmit to the terminal receives the grant can be calculated as 
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. The specific meaning of the above parameters are described in Fig.2.  Apparently, grant-free has advantage to the transmission latency reduction. 

[image: image3.emf]n

n+4

SR possibility

SR possibility

SR transmitted

T_SR

Grant received

UL-SCH

transmission

Data arrives to terminal,

Triggers scheduling request

e.g. subcarrier 

spacing = 15kHz

Legacy FS & 

Numerology

T_Grant T_SRtrigger T_Processing T_retrans

n

n+

4

SR possibility

SR possibility

SR transmitted

T_SR

Grant received

UL-SCH

transmission

Data arrives to terminal,

Triggers scheduling request

T_Grant

T_SRtrigger T_Processing T_retrans

NR FS & 

Numerology

e.g. subcarrier 

spacing = 30kHz


Fig.2:  Grant-based transmission latency analysis
·  Signaling overhead for small packet traffic

Furthermore, the cost of grant-based transmission for uplink is higher for small packets traffic because of the higher ratio of signaling overhead to useful payload. Taking 10MHz LTE system bandwidth for an example, the uplink grant signaling overhead (DCI format 0: 31bits, QPSK, 1/3 code rate) to the total resources occupied by the uplink grant and payload (Xbits, QPSK, 1/2 code rate) can be around 
[image: image4.wmf]46.5/

X

%. When the payload size
[image: image5.wmf]X

decreases, the signaling overhead will become high. 
· Reliability on grant-free based  MA
To reduce the latency and signaling overhead in uplink, an alternative to a dedicated scheduling-request mechanism would be a grant-free or RACH-less and grant-free design. In such a design, multiple users transmit data sharing a common resource pool and provide their identity as part of the uplink transmission. Although orthogonal MA (OFDMA) can also be used for grant-free transmission, it may lead to a collision among different users that are intend to transmit data in URLLC and/or eMBB services, considering dynamic resource sharing between the two services. The degree of performance degradations because of collision depend on the number of active user and available resource in an effective time period. Because non-orthogonal MA grant-free transmission schemes have potential advantages than orthogonal MA (OFDMA) in the aspect of collision resolution or robustness in a resource limited scenario, these schemes maybe solutions to future applications with very stringent latency requirements, e.g. URLLC. 
Based on the above discussion, synthesizing different requirements of KPIs (including latency, signaling overhead, reliability and system capacity) in URLLC, we can get the below observation:

Observation 1: Grant-free based non-orthogonal MA potentially performs better than other schemes (e.g. Grant-free OMA, Grant-based non-orthogonal MA) especially for bursty small packet traffic in resource limited cases.
Proposal 1: It is proposed to evaluate potential benefit of non-orthogonal MA based grant-free transmission for URLLC especially considering the real channel estimation.
4. Conclusions
In this contribution, we summarize some typical use cases and their characteristics where high reliability and low latency are required. Based on summary, we present our views on MA including orthogonal MA and non-orthogonal MA based grant-free transmission for URLLC. According to the above discussions, we would like to put forward the following proposal:

Observation 1: Grant-free based non-orthogonal MA potentially performs better than other schemes (e.g. Grant-free OMA, Grant-based non-orthogonal MA) especially for bursty small packet traffic in resource limited cases.

Proposal 1: It is proposed to evaluate potential benefit of non-orthogonal MA based grant-free transmission for URLLC especially considering the real channel estimation.
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