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1 Introduction
[bookmark: _Hlk506272084]During the study phase of NR Release 16, a Non-Periodic Scheduling Request (NP-SR) enhancement scheme was studied [1]. With respect to the periodic SR scheme used in NR, this scheme has the advantages of eliminating the wait time, or SR alignment time, and the bandwidth overhead associated with Rel-15 SR transmissions, both of which make it attractive for URLLC applications requiring very low latency and high reliability [2], [3]. In this contribution, we examine some aspects of the transmitter structure for this NP-SR transmission scheme and related aspects to UE design.
The contribution is organized as follows:
· Section 2 presents the NP-SR transmitter structure.
· Section 3 presents some NP-SR performance simulation results for a Factory Automation scenario as agreed to in 3GPP [1]
· Section 4 presents a brief comparison between the NP-SR and Rel-15 SR transmitter structures.
· Section 5 presents some conclusions.
[bookmark: _Hlk14846991]
2 Non-Periodic SR (NP-SR) Transmitter Structure

The details of our proposed NP-SR transmission scheme have been summarized in [2] and [3]. This alternative method to transmit SRs has the following advantages over the current periodic Rel-15 SR method:

a) Even for the lowest periodicity of 2 OFDM symbols used in Rel-15 SR, the NP-SR method offers lower latency because with NP-SR, the scheduling request can be transmitted in the OFDM symbol immediately following packet arrival at the UE, thus eliminating the wait time to transmit an SR (see Table 1 in Section 2 of [2] for a URLLC latency comparison under various conditions).
b) NP-SR is transmitted at a sufficiently low power density over spectrum that is already used by other resources causing negligible interference, thus eliminating the bandwidth overhead that needs to be allocated for Rel-15 SR (see Figure 3 in [3]). This also increases the spectrum available for data transmission, thus improving spectral efficiency.

In [3], we have described the NP-SR transmission scheme as a spread spectrum method using Direct Sequence – Spread Spectrum (DS-SS). It is also possible to describe the same method using a description that is similar to OFDM transmission to spread the SR bit transmission over a wide bandwidth at a low power density so that it can be transmitted reliably without causing undue interference to other signals occupying the same spectrum.

Using Zadoff-Chu (ZC) sequences derived from a single root sequence, z0, of length NZC = NFFT (the FFT size used in the OFDM transmitter), it is possible to construct a signal by assigning a single ZC sequence with a unique shift ∆i  to each UE which is assigned to the ith-UE by the network to spread it over the entire carrier bandwidth W to yield sufficiently low power density. To ensure a sufficiently large number of shifts are available to accommodate a given number of UEs, and that sequences assigned to different UEs are mutually orthogonal over a single OFDM symbol, the shift spacing between sequences, ∆, is chosen so that ∆ = int(NFFT/Nu), where NFFT is the OFDM FFT size corresponding to bandwidth W for a given subcarrier spacing ∆f and Nu is the number of URLLC users to be accommodated. As a result, the individual sequence shifts are evenly spaced by ∆. For example, with NFFT = 2048 and Nu = 20 users, a shift spacing ∆ = 102 can be chosen to accommodate 20 users.  If more users need to be accommodated, the spacing can be reduced, which would increase mutual interference slightly in some channels with long delay spread.
Based on the above, a NP-SR signal at the UE is generated by applying a FFT to the Δi-samples right circularly shifted z0 sequence. This shifted ZC-sequence is then fed into the NR OFDM transmitter. Notice the NP-SR is time synchronized with the system time and the CP insertion is performed as part of the OFDM transmission. If desired a windowing step could be performed to obtain a band-limited transmission confined to a given BWP. One further simplification is after receiving the assigned shift parameter value (∆i) from the network, the ith-UE could perform the above steps once and store the FFT version of the Δi-samples right circularly shifted z0 sequence for subsequent NP-SR transmissions.

Table 1 below lists the key parameters in the NP-SR signal generation procedure. These parameters can be applied to a fixed numerology and to a mixed numerology separately.

Table 1 NP-SR Signal Parameters

	Parameter
	Value

	Root ZC sequence  length 
	

	Number of users
	

	Right circularly shift  with 
	





To effectively detect the transmitted shifted ZC sequences in a noise plus interference environment, a variety of signal processing algorithms can be designed. One approach may be to correlate the received signal samples with stored samples for each possible sequence shift location and see if the result exceeds a certain threshold. Other algorithms can be designed to improve the performance of NP-SR significantly.

3 NP-SR Simulation Results
In this section we present some NP-SR performance results based on simulation assumptions for the URLLC Factory Automation scenario agreed to in [1] (see Appendix where these simulation assumptions are listed). We consider a factory automation scenario with the cell layout described in Figure 1. NP-SR performance is measured in terms of missed NP-SR detection probability. UEs are assumed to receive packets for transmission on the UL that are Poisson- distributed with a packet arrival rate of 500 packets/second and for NP-SR a SR is transmitted in the OFDM symbol immediately following the symbol where the packet arrives at the UE (i.e., the waiting time is eliminated with respect to the periodic SR scheme used in LTE and in NR). The number of UEs per cell in each simulation are randomly located within each of the 12 cells depicted in Figure 1. The probability of SR missed detection is shown in Figure 2 for the cases of 10, 20 and 40 UEs per cell. As shown in this figure, with NP-SR the performance is relatively insensitive to the number of users per cell. We note that for the case of 10 and 20 users per cell, we use a single Zadoff-Chu root sequence per cell with appropriate right circular shifts assigned to each UE in the cell, whereas for 40 users we use two different Zadoff-Chu root sequences per cell with each root sequence assigned to 20 UEs to reduce intra-cell interference.
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Figure 1 Factory Automation Cell Layout as agreed to in [1] 
(see Appendix -UEs are assigned random locations within each cell)
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Figure 2 NP-SR performance results (NP-SR missed detection) for varying number of URLLC UEs
BW = 40 MHz. Factory Automation Cell Layout given in Figure 1 (10/20/40 UEs per cell).



4 NP-SR vs. NR SR Comparison
Generating the NP-SR signal using the commonly known ZC sequences provides a simple method that could be used by UEs that is compatible with OFDM signal generation used in LTE/NR. Table 2 below gives a brief comparison of the two methods.
Table 2 NR SR vs NP-SR feature comparison
	[bookmark: _Hlk4680872]Category
	NR SR (Periodic)
	NP-SR (Non-Periodic)

	Wait Time
	Average = P/2 symbols (where P is the SR periodicity in OFDM symbols)
Worst case = P symbols
	Average = One Half OFDM symbol 
Worst case = One OFDM symbol

	 Resource Overhead
	Significant resources need to be allocated for SR transmission via PUCCH (see Figure 3 in [3])
	No overhead.

	Multiplexing SR with ACK/NACK
	Possible depending on PUCCH format used
	NP-SR is independent of ACK/NACK transmissions.

	Multiplexing eMBB with URLLC traffic
	Requires pre-emption or prioritization of URLLC traffic with additional signalling overhead
	Could be used with priority URLLC traffic to take advantage of lower latency and reduced overhead



5 Conclusions
In this contribution we have shown one possible realization of the Non-Periodic Scheduling Request (NP-SR) transmission method previously described in [2] and [3]. This SR transmission method is a more efficient match for URLLC applications because it is event-driven and does not depend on any SR periodicity, which has an inherent wait time and suffers from increased overhead as periodicity is decreased to reduce latency. 

This method has the following advantages over the periodic method adopted in Rel-15:
 
a) It eliminates the wait time incurred by the periodic SR method, which becomes a non-negligible latency component in the stringent overall latency target for some applications, such as Factory Automation.
b) It eliminates spectrum overhead, as the NP-SR signal is transmitted over spectrum already occupied by other resources and is spread at a sufficiently low spectral density to cause negligible interference.
c) NP-SR performance (in terms of missed SR detection probability) is relatively insensitive to the number of users per cell for the range of users required for a factory automation scenario contemplated in [1].
Proposal: The NP-SR design described above should be considered for NR Release 16.
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Appendix: Simulation Assumptions
See [1], Annex A.2.2 Simulation Assumptions for Factory Automation
	Parameter
	Value
	Notes

	Number of cells
	12
	As per agreed Factory Automation cell layout in TR 38.824

	Number of URLLC UEs per cell
	10, 20, 40
	Consistent with maximum number of users per cell required in [1] for Factory Automation

	Channel model 
	TDL-A 
	Rms delay spread = 11 ns. Pathloss and LOS/NLOS probability according to 3GPP TR 38.901 UEs are assumed to be stationary during the simulation 

	Zadoff-Chu root sequences
	12 and 24
	One root sequence per cell is used for 10 and 20 users and two root sequences per cell are used for 40 users, with each root sequence serving 20 UEs in this last case to reduce interference

	Zadoff-Chu sequence length
	2039
	Interpolated to 2048

	Assigned delays
	One per UE
	Same delays used in all cells

	Right circular shift length 
	200, 100
	200 is used for 10 UEs and 100 is used for 20 and 40 UEs

	Packet arrival distribution and packet arrival rate
	Poisson distribution
λ = 500 packets/sec
	NP-SRs are transmitted in the OFDM symbol immediately following packet arrival.

	Carrier frequency
	4 GHz
	

	Simulation bandwidth 
	40 MHz
	This is what is called for in the factory automation requirements. Is this what was used?

	Subcarrier Spacing 
	30 kHz
	

	Number of subcarriers 
	2048
	

	Cyclic Prefix Length
	149
	Channel impulse response is 140 taps
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