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Introduction
In RAN1#87 [1], it was agreed that at least grant-free UL transmission will be supported for URLLC:
· 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
In RAN1#88bis [2],  another agreement was reached on UL URLLC design requiring the  grant-based transmission design to consider all applicable reliability and latency requirement:
· The Scheduling Request-triggered uplink grant-based data transmission design should consider all applicable reliability and latency requirements including URLLC when assessing different design proposals.
· FFS: SR details
· For initial grant-based transmission, retransmissions can be grant-based
The latency and reliability requirement have been defined for URLLC in TR 38.913[3] but only apply to small data transmissions sized 32 bytes:
· A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
Based on the above agreements for UL URLLC, this contribution analyzes the requirements for small and large URLLC data transmissions and discusses how grant-free and grant-based transmissions could be combined to meet URLLC requirements while achieving better system efficiency.
Latency and Reliability of Different URLLC Packet Sizes
According to TR 38.913[3], the simultaneous latency and reliability requirements, of 1ms and 1-10-5 respectively, are only applicable to small transmissions of at most 32 bytes
· [bookmark: _Ref481671177]A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.

Observation 1: Latency requirement for URLLC is only defined for small data transmissions (≤ 32bytes)
As has been shown in [4], [5], transmitting 32bytes over a fading channel while meeting the reliability requirement (1-10-5) in the DL requires an aggregate coding rate of ~ 1/40 for cell edge users (SNR ≤ -5dB). The analysis in [4] also shows that for such a coding rate, meeting the 1ms latency requirement will require a bandwidth between 13MHz and 54MHz depending on the timing assumptions.
Given the bandwidth needed to meet the reliability and latency requirements for 32byte-transmissions, it is not realistic to expect that the same reliability and latency requirements could be met for larger URLLC transmissions of cell edge users, at least for sub-6GHz deployments –which is the main URLLC target for coverage reasons.
It is important to point out that in the case of eV2X, which is an URLLC deployment, TR 38.913[3] already defines a different latency requirement for a larger transmission size [300 bytes]
· For eV2X, for communication availability and resilience and user plane latency of delivery of a packet of size [300 bytes], the requirements are as follows:
· Reliability = 1-10-5, and user plane latency = [3-10 msec], for direct communication via sidelink and communication range of (e.g., a few meters)
· Reliability = 1-10-5, and user plane latency = [2] msec, when the packet is relayed via BS.
Hence for URLLC, given the bandwidth needed to meet its stringent reliability and latency requirements, a relaxation of its latency would be needed for larger transmissions (> 32 bytes) to meet the desired (1-10-5) reliability.
Observation 2: For larger data transmissions (> 32bytes) a relaxation of the URLLC latency will be needed to meet its (1-10-5) reliability 
Grant-based and Grant-free Transmission for URLLC
Figure 1 shows the UL transmission steps involved in Grant-free and Grant-based UL transmission schemes, while Table 1 provides a comparison between the two schemes. 


Figure 1:  (a) Grant-free / (b) Grant-based UL transmission schemes

	
	Grant-free
	Grant-based

	Latency
	Better
	Worse

	Reliability
	Worse
	Better

	Efficiency
	Worse
	Better


Table 1: Comparison between Grant-free/Grant-based UL transmission schemes
The Grant-based scheme is request based, using the UL channel knowledge at the gNodeB to schedule UEs while avoiding collisions. Therefore and as summarized in Table 1, Grant-based transmissions are more reliable and efficient. The main disadvantage of the Grant-based scheme w.r.t. the Grant-free scheme is the higher latency, driven by the need for an initial request (such as a Scheduling Request) followed by the corresponding UL grant. If the URLLC latency is relaxed for larger data transmissions, the Grant-based scheme can be used to achieve better reliability and efficiency. For small data transmissions, given the latency and reliability requirements defined for URLLC, the Grant-free scheme will need to be used. 
Support of Grant-free and Grant-based transmissions based on transmission data size allows the optimization of reliability and efficiency while respecting latency. The decision on whether to use Grant-based or Grant-free schemes could be implemented in the UE and be based on the amount of data to be transmitted as shown in Figure 2. The data size from which to start using Grant-based transmission would be configured by the Network. This threshold could be based on the amount of data that could be transmitted by the Grant-free scheme within the time it takes to request Grant-based resources.


Figure 2:  Support of Grant-free for small transmissions and Grant-based for larger UL URLLC transmissions
Proposal 1: Support Grant-based UL URLLC transmissions with relaxed latency requirements for larger transmission sizes similar to the 3-10 ms requirement of eV2X deployment
Proposal 2: Switch between Grant-free and Grant-based UL URLLC transmissions based on the amount of data to be transmitted
The request mechanism that initiates the UL Grant-based transmission (Figure 1) will need to be transmitted using a contention based method. In case both Grant-free and Grant-based schemes are supported as in Figure 2, the request for Grant-based transmission could use the same resources configured for Grant-Free transmissions in order to allow for resource optimization.
Proposal 3: The request for Grant-based transmission uses the same UL resources configured for Grant-free UL URLLC transmissions

Conclusion
In this contribution, we discussed the latency requirements of small and large URLLC transmissions. We also provided an analysis on the use of grant-free UL transmission for small packets and grant-based UL transmission for larger packets. The following observations and proposals are made for consideration.
Observation 1: Latency requirement for URLLC is only defined for small data transmissions (≤ 32bytes)
Observation 2: For larger data transmissions (> 32bytes) a relaxation of the URLLC latency will be needed to meet its (1-10-5) reliability 
Proposal 1: Support Grant-based UL URLLC transmissions with relaxed latency requirements for larger transmission sizes similar to the 3-10 ms requirement of eV2X deployment
Proposal 2: Switch between Grant-free and Grant-based UL URLLC transmissions based on the amount of data to be transmitted
Proposal 3: The request for Grant-based transmission uses the same UL resources configured for Grant-free UL URLLC transmissions
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