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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 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 present issues with the existing grant-based UL transmissions.  In Rel-15 NR the Scheduling Request (SR) periodicity has been reduced in order to meet the URLLC latency requirements. The SR periodicity could be as low as two OFDM symbols. Although the waiting time with 2 OFDM symbols periodicity is significantly reduced with respect to the LTE minimum LTE SR periodicity of 1 ms, the waiting time is not eliminated. In addition, the lower SR periodicity reduces resource utilization efficiency and increases overhead. It is obvious that we must strive to eliminate the waiting time in the SR procedure to further improve the URLLC UL processing timeline. In this contribution we present the impact of the large overhead caused by the SR’s low periodicity.
This contribution is organized as follows:
· Section 2 describes the limitations of PUCCH-based SR with low periodicity and addresses overhead with 2 OFDM symbol SR periodicity.
· Section 3 analyses the impact on the available bandwidth for UL data by the large overhead of the low-periodicity SR. 
· Section 4 presents a summary and conclusions. 
2 Limitations of PUCCH-SR with low periodicity
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 increased SR opportunities in a slot. The choice that this periodicity can be as low as two 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. Figure 1 shows the results of the 99%-tile one-way UL latency (UE to gNB) as a function of the number of UEs in a cell (system level simulation assumptions are given in Appendix B). Setting the SR 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, the latency also increases drastically (7-symbol periodicity is also shown as a comparison). However, as discussed in [2]-[3], this reduced latency comes at a cost of larger overhead since additional SR resources must be allocated. 
An analysis of the overhead associated with reduced SR periodicity in terms of LTE-like control overhead based on the following assumptions is presented in [3]:
a) one RB over a 14-symbol sub-frame can typically support 18 UEs with SR multiplexing;
b) bandwidth of 20 MHz (100 RBs) and 60 active URLLC UEs per cell[footnoteRef:1]; [1:  This number could be easily exceeded in factory automation or robotics applications.] 

c) Subcarrier spacings of 15 KHz and 60 KHz
Based on the above assumptions, the analysis in [3] yields 23.4% and 93.3% of control overhead with 2 OFDM symbol periodicity for 15kHz and 60 kHz SCS, respectively. Similarly, there is a large overhead shown in [3] for 15 KHz SCS and also for 60 KHz SCS with any periodicity corresponding to fewer than 20 OFDM symbols. Furthermore, as the SCS is further increased, this overhead increases significantly, thus offsetting the advantage gained by smaller transmission time intervals to reduce latency.
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Figure 1: 99% percentile latency vs. Number of UEs with SR periodicity 2 and 7 OFDM symbols
The above shows that in order to meet the most stringent URLLC latency targets with low periodicity, a prohibitively large overhead results and that to have reasonable overhead (i.e., under 10%), the SR period must be increased, in the range of 10 OFDM symbols or more [3], so that it may not be possible to meet the latency targets.
Observation 1: 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 may not be met.

2.2	PUCCH-SR with Low Periodicity and URLLC Traffic Statistics
Reducing periodicity to two OFDM symbols with PUCCH-SR is necessary to meet the URLLC latency requirements. However, having a configured SR periodicity is inefficient because it cannot adapt to the various traffic patterns that are possible in a deployment. For example, on a factory floor various machines may perform different tasks at different rates.  Additionally, due to random arrival of traffic, multiple packets could arrive at the same time for multiple UEs and having a lower periodicity can handle this situation at the expense of reduced efficiency (i.e., high overhead, as discussed above).  Furthermore, when multiplexing SR transmissions from UEs that respond to random or periodic traffic with different arrival rates, the SR periodicity will generally be dictated by the fastest traffic update rate or smallest periodicity, with its inherent high overhead. The cumulative inefficiency due to the difference between the actual and the assumed packet arrival rates could be significant.  

Observation 2: In order to handle URLLC traffic, an adaptive scheduling scheme that can more easily match different arrival rates without the need for setting SR periodicity should be considered.

3 Impact on the Available Bandwidth for UL Data Transmission due to large SR overhead with low periodicity
With PUCCH-based SR, the bandwidth required for SR transmission will increase linearly with the number of UEs and also as SR periodicity is reduced due to the number of increased SR opportunities per slot. Assuming a fixed total bandwidth and that the remaining bandwidth (after accounting for the bandwidth reserved for SR transmission) is allocated for data transmission, this leads to lower capacity (throughput) for data transmission. Following the analysis in [3], it is assumed that 1 RB in each subframe can typically support 18 users for SR multiplexing.
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Figure 2: Available bandwidth for UL data when SR periodicity is set to 2 and 7
Hence, roughly, each UE requires 12*14 resource elements, which leads to the bandwidth required for SR transmission as:

where  is the total number of UEs in the cell that can potentially transmit SR,  is the SR periodicity and  is the subcarrier spacing. Using the above, Figure 2 shows the available bandwidth for the UL data transmission bandwidth as a function of the number of UEs and the SR periodicity in OFDM symbols assuming a subcarrier spacing of 30 KHz. In PUCCH-SR a fraction of the spectrum is allocated for each SR opportunity. Thus,

where boverhead  is the fraction of bandwidth allocated to transmission of control information (assumed to be 30% in our analysis) . The bandwidth available for data transmission is reduced as the number of SR opportunities increases, or equivalently, as the number of UEs increases. This bandwidth reduction has a direct impact on data transmission capacity, as the results in Figure 2 reflect, as the number of UEs increases.  Clearly, the reduced bandwidth available for UL data becomes a much larger problem when eMBB UEs are multiplexed with the URLLC UEs. For further derivation details see Appendix A.
Observation 3: PUCCH-based SR with smaller periodicity reduces available bandwidth for the UEs needing resources for UL data transmissions. 
[bookmark: _Hlk506272084]Proposal 1: Given the above limitations of periodic PUCCH-SR, NR should consider modifications to the existing UL scheduling procedures that can reduce latency while lowering overhead to meet the wide range of URLLC requirements.  
4	Conclusion
In this contribution, we have pointed out that PUCCH-based SR with reduced periodicity may lead to prohibitively large overhead and in order to meet the new SID mandate [1] a new approach for the UL scheduling procedure must be considered. We made the following observations and proposals:
Observation 1: Observation 1: 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 may not be met.
Observation 2: In order to handle URLLC traffic, an adaptive scheduling scheme that can more easily match different arrival rates without the need for setting SR periodicity should be considered.

Observation 3: PUCCH-based SR with smaller periodicity reduces available bandwidth for the UEs needing resources for UL data transmissions. 
Proposal 1: Given the above limitations of periodic PUCCH-SR, NR should consider modifications to the existing UL scheduling procedures that can reduce latency while lowering overhead to meet the wide range of URLLC requirements.  
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Appendix A
The bandwidth required for PUCCH-SR in NR can be approximated as:

Where  is the total number of UEs in the cell that can potentially transmit SR,  is the SR periodicity and  is the subcarrier spacing. 
The bandwidth required for data transmission, on the other hand, is a random number. The packets arrive randomly and the gNB assigns the resources based on this random process. One approach to derive the bandwidth required for data is based on the average statistics as follows:
Let  denote the packet arrival rate. The probability that the packet arrives in a given mini-slot interval is
 
So, assuming SR is sent in the next mini-slot after the packet arrives, the probability of having  simultaneous SRs (from  UEs) follows a binomial distribution:

Based on the above distribution, the average number of UEs that need to use the resources can be calculated as

Hence, the BW required for data can be calculated as


Where  is the number of resource blocks that is allocated to each UE (this parameter is set to 9 in the sims).


Appendix B
	Parameter
	Values/assumptions

	Carrier frequency
	4 GHz

	Total system bandwidth
	20 MHz

	Subcarrier bandwidth
	30 kHz

	Overhead bandwidth
	30% of the total system bandwidth

	Latency bound
	0.5 ms

	Network synchronization
	Synchronized

	SR detection
	Ideal

	SR periodicity
	2/7 OFDM symbols

	ACK feedback assumption
	Ideal

	Data transmission
	Ideal with adaptive MCS

	URLLC traffic model
	FTP model 3 

	Packet rate
	500 packets per second per UE

	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/s

	Multicell interference to noise ratio (INR)
	15 dB

	Layout map
	300 m x 300 m square map

	UE transmit power
	20 dBm

	UE antenna gain
	0 dB

	BS antenna gain
	5 dBi

	BS noise figure
	5 dBi

	Modulation 
	QPSK, 16QAM, 64QAM, 256QAM

	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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