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1 Introduction
RAN#80 has approved a new SI to study physical layer enhancements for NR URLLC. According to the approved SID, one of the objectives is to develop new improvements in reliability/latency for the URLLC L1, especially enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), for existing TTI durations [1]. 
In this contribution we discuss some of the preliminary results for the uplink URLLC.  
This contribution is organized as follows:
· Section 2 presents the preliminary simulation latency results for both the PUCCH-SR and Underlay SR (USR) methods. The USR method is based on our previous proposal to modify the NR Scheduling Request procedure as described in some of our previous contributions (see [2]-[4] and references therein)
· Section 3 contains Text Proposal for TR 38.824 based on our results and observations
· [bookmark: _Hlk506272084]Section 4 presents a summary and conclusions. 
2 PUCCH-SR and Underlay SR (USR) Results
2.1	High Overhead for PUCCH-SR with Low Periodicity
Reducing latency for URLLC while still keeping a periodic PUCCH-based SR structure means that there will be more frequent SR opportunities in a slot. The choice that this periodicity can be as low as two (2) OFDM symbols means that this latency reduction will be accompanied by SR opportunities (for which resources must be allocated) that may go unused, which leads to reduced resource utilization and increased overhead.  
In the foregoing analysis we focus on the one-way latency for the uplink (UE to gNB), with a one-way latency bound of 0.5 ms as illustrated in Figure 1 (see Figure 8 in [6]) following a similar latency approach as is [6] and [7], where we have split the total air interface latency budget target of 1 ms evenly between UL and DL. 
[image: ]
Figure 1 Illustration of applicable air interface latency budget for Factory Automation [6], [7].

Figure 2 below presents the results of the 99th percentile one-way UL latency (UE to gNB) as a function of the number of UEs in a cell for both PUCCH-SR with periodicities of 2 and 7 OFDM symbols and Underlay SR (USR) for a system bandwidth of 20 MHz and SCS = 30 KHz. The system level simulation assumptions are given in Appendix A. For the traditional PUCCH-SR, setting the periodicity to 2 OFDM symbols allows the UEs to meet the one-way 0.5 ms URLLC latency requirement; however, as the number of UEs requesting UL transmissions increases beyond 30 UEs or so, latency begins to increase significantly, and the latency bound cannot be met for any number of UEs greater than 40. As discussed in [4] and [5], this reduced latency due to low periodicity comes at a cost of larger overhead since additional SR resources are allocated. Furthermore, as the SCS is further increased, overhead increases significantly, thus offsetting the advantage gained by smaller transmission time intervals to reduce latency. In the USR case, the latency increases as a function of number of UEs much more gracefully. In fact, the UL latency stays below the required latency bound for at least 30 more UEs with respect to PUCCH SR with minimum periodicity for the range of UEs in this simulation.
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[bookmark: _Hlk529530799]Figure 2 Packet-arrival to grant transmission by the gNB delay vs. the number of SR transmitting UEs for the PUCCH-SR and the USR schemes for BW = 20 MHz and SCS = 30 KHz


Following the same analysis as in [8] (see Section 3), Figure 3 shows the impact on bandwidth available for data transmission corresponding to the simulation depicted in Figure 2 and the conditions listed in Appendix A. Note how this available bandwidth decreases drastically for PUCCH-SR with the lowest periodicity of 2 OFDM symbols.

[bookmark: _GoBack]Similarly, figures 4 and 5 show the latency and the available bandwidth for the 40 MHz system bandwidth case, respectively. Note compared to the system bandwidth 20 MHz, in the 40 MHz system bandwidth case as expected the PUCCH-SR with the lowest periodicity accommodates a larger number of users under the latency bound (approx. 100 UEs) but the latency increases sharply for a larger number of UEs. Fortunately, in the USR case the latency remains under the required limit. As Figure 5 shows, the bandwidth overhead price paid for PUCCH-SR is severe.

Observation: For Grant-based transmission, USR can meet or exceed the latency performance of PUCCH-SR with the smallest periodicity of 2 OFDM symbols, with a more graceful degradation in latency as the number of users increases and with no overhead in terms of available bandwidth for data transmission.
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Figure 3 Impact on Available Bandwidth for Data Transmission for PUCCH-SR vs USR for BW = 20 MHz
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Figure 4 Packet-arrival to grant transmission by the gNB delay vs. the number of SR transmitting UEs for the PUCCH-SR and the USR schemes for BW = 40 MHz and SCS = 30 KHz
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Figure 5 Impact on Available Bandwidth for Data Transmission for PUCCH-SR vs USR for BW = 40 MHz



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

3	Text Proposal for TR 38.824
Based on the above analysis we propose the following text for the TR 38.824 section [TBD]:
PUCCH-based SR with reduced periodicity can decrease latency at the expense of excessive overhead. Increasing the SR period can reduce the overhead, but then the URLLC latency requirements are difficult to meet. For Rel. 16 non-periodic Underlay SR (USR) method was studied. The USR method has shown to meet the latency requirements with negligible overhead, near zero wait-time and a more graceful latency degradation as the number of URLLC users increases. 

4	Conclusion
In this document we have presented preliminary simulation latency results for both the PUCCH-SR and USR methods. The results indicate clear USR advantage over the traditional PUCCH-SR method.  Based on the discussion we propose the following for the Rel-16 URLLC study:
Proposal: NR should support the Underlay SR to reduce latency and mitigate overhead, which is an important aspect for delay-sensitive URLLC UL transmissions. 
In addition to the above proposal we have also provided a text proposal for the TR 38.824 in section 3 based on our preliminary results and observations.
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Appendix A
	Parameter
	Values/assumptions

	Carrier frequency
	4 GHz

	Total system bandwidth
	20 and 40 MHz

	Subcarrier spacing
	30 kHz

	Overhead bandwidth assumed for control
	30% of the total system bandwidth

	Latency bound for the uplink
	0.5 ms

	Network synchronization
	Synchronized

	SR detection
	Ideal for both PUCCH-SR and USR

	PUCCH-SR periodicity
	2/7 OFDM symbols

	ACK feedback assumption
	Ideal

	Data transmission
	Ideal with adaptive MCS

	URLLC traffic model
	FTP model 3 

	Packet arrival rate
	500 packets per second per UE (Poisson distribution)

	No. URLLC UEs
	Variable

	Mini-slot duration
	2 OFDM symbols

	CP duration
	Normal CP

	UE scheduling
	Random scheduling

	Resource allocation
	9 RBs in frequency and variable OFDM symbols in time depending on the size of the data frame

	Packet size
	32 Bytes

	Channel model
	TDL-A, UE speed 3 km/hr 

	Multicell interference to noise ratio (INR)
	15 dB

	Layout map
	300 m x 300 m square map

	UE transmit power
	23 dBm

	UE antenna gain
	0 dB

	BS antenna gain
	5 dBi

	BS noise figure
	5 dBi

	Modulation 
	QPSK, 16QAM, 64QAM

	Coding
	Convolutional coding with code rate 1/2

	Slow fading model
	Shadow fading with SDT: 6 dB, correlation dist: 10m

	Target PER for MCS adaptation
	10^-8
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