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1 Introduction
As discussed in [1] URLLC services have several challenging scenarios requiring stringent latency and high reliability requirements. To meet such requirements operators must have all the flexibility to use both the SR-triggered grant-based and grant-free based schemes for UL transmissions. In previous RAN1 meetings, it has been established that in many scenarios to achieve high-reliability SR-triggered grant-based UL transmissions must be supported; therefore, during the RAN1#88bis meeting RAN1 made the following agreement [2]: 
Agreements:
· 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 contribution is organized as follows:
· Section 2 presents the Underlay SR scheme latency performance
· Section 3 presents summary and conclusions


2	Underlay SR scheme latency performance   
The main disadvantages of the traditional LTE SR method are its direct dependence on the increase in resource utilization as the number of UEs and/or the packet arrival rates increases and the waiting time associated with SR periodicity, which has an impact on those URLLC applications with the most stringent latency requirements. In LTE systems, the number of UEs that can transmit SR is a function of total PRBs allocated for SR transmissions within a subframe and the SR opportunity periodicity. Therefore, even under the unrealistic assumption that all the PRBs within a subframe are available for SR transmissions, the latency still increases since it depends on the periodicity of the SR opportunities. This puts a heavy burden on the gNB scheduler, especially when the amount of available resources is limited. For example, using the mini-slot structure, suppose the available RBs for SR can accommodate a maximum of 5 users. Hence, if the number of users is less than or equal to 5, they all send their SR in the first mini-slot and the one-way latency is 2 mini-slots (including the decoding time). However, if the number of users is higher, those additional UEs have to be multiplexed in the time domain (i.e., assign more resources) in different mini-slots to avoid collision. This leads to a linear increase in latency with the number of UEs. 

On the other hand, the underlay SR has no such limitation since its operation is not dependent on the SR resource allocation. In the underlay SR case, the limitation is only when the underlay SR transmissions are causing additional noise at the gNB receiver such that it is resulting in unacceptable UL data detection error rate. As discussed in section 3 of our companion contribution [3], the noise increase to such level due to the underlay SR transmissions is negligible.

Based on the above analysis, Figure 1 shows the simulation results with the assumptions described in Appendix A.1. Figure 1 shows the delay from the time of the packet arrival for UL transmission to the time a scheduling grant is transmitted from the gNB (one-way latency). For the traditional LTE SR, the SR periodicity has to be increased in order to accommodate higher number of SR transmissions. Hence, the latency grows almost linearly with the number of UEs in a cell. Clearly, the USR has no such issue and the latency simply stays constant for a fixed underlay SNR (Figure 1 shows the latency results for underlay SR signal SNR=-6 dB and -12 dB). See [3] for additional details regarding these simulations.

Observation 1: Unlike LTE SR scheme, in the underlay SR scheme the latency is independent of the number of SR transmissions.
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Figure 1 Packet-arrival to grant transmission by the gNB delay vs. the number of SR transmitting UEs for the LTE SR and the Underlay SR schemes

Proposal: NR should support the Underlay SR to reduce latency, which is an important aspect for delay-sensitive UL transmissions. 

3	Conclusion
In this contribution, we made the following observations and proposals:
Observation 1: Unlike LTE SR scheme, in the Underlay SR scheme the latency is independent of the number of SR transmissions.

Proposal: NR should support the Underlay SR to reduce latency, which is an important aspect for delay-sensitive UL transmissions. 
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Appendix A.1
Table A-1. Simulation Parameters
	Parameters
	Values or assumptions

	Layout
	Single-cell network with overlay and underlay activities

	Number of overlay users
	5 (each user is active with probability of 0.5)

	RB allocation for overlay users
	5 contiguous RBs selected randomly for each user

	SNR of overlay users
	0 dB

	SNR of underlay users
	-6 dB and -12 dB

	Number of underlay users
	1, 10, 30, and 50

	Packet arrival rate
	500 packets/user/sec

	Sub-carrier spacing
	30 kHz

	Zadoff-Chu sequence length
	1024

	CP duration
	NCP

	Mini-slot length
	67 μs (2 OFDM symbol duration)

	Channel model
	TDL-A; user speed = 3km/h

	Power control
	Ideal
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