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Introduction
In RAN1 #94bis, the simulation methodology for the factory automation use case was agreed. The table below summarizes some of the key parameters for the factory automation use case:
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Factory automation

	99.9999
	2(end to end latency)

Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control



Furthermore, two options for performance metric for URLLC use cases were agreed. Option 1 is the percentage of users satisfying reliability and latency requirements, which is intended for the case with fixed number of UEs and fixed traffic model per UE. Option 2 for the case of periodic and deterministic traffic (as in factory automation use case) results in maximum number of users per cell that can satisfy reliability and latency requirements (for X=0). 
In this contribution, we present system-level simulation results for factory automation with the agreed simulation methodology using performance metric option 2 with X=0 (no UE in outage) for different scenarios.    
System-Level Simulation
Simulation Parameters
In this contribution, we focus on FR1 (4GHz) and DL performance evaluation for factory automation. The layout used in the simulations is with 12 cells in a 6x2 layout, as agreed in RAN1 #94b. Users are dropped randomly around a cell in the layout, such that each cell has equal number of UEs. For each evaluation, numerical results are obtained by three randomly selected realizations of UE dropping. As mentioned, number of users per cell are increased until URLLC capacity of the system is reached. Table A-1 summarizes other simulation parameters. Note that for parameters not mentioned in the table, the same value as agreed simulation parameters are used in the evaluation.
In addition, frequency bandwidth of 40 MHz is assumed as agreed in RAN1 #94b. However, in order to speed up the simulations, simulations are done in 20 MHz bandwidth, and the maximum number of users supported are multiplied by a factor of two as an approximation. Here we note that because of trunking gain, the capacity of 40MHz bandwidth should not be less than twice of the 20MHz’s capacity.  
Finally, it is assumed that data for all the UEs will arrive simultaneously, which represents the most challenging scenario for periodic and deterministic traffic model. 
Frame structure
HARQ procedure in NR is an important tool for achieving high reliability communication, especially in the case of realistic / imperfect link adaptation. In order to support up to 2 transmissions (i.e. initial transmission and one retransmission) to achieve the target reliability requirements (10^-6 packet error rate) within latency budget (1ms for air interface) for a given UE/gNB processing capability, frame structure needs to be designed carefully. 
Furthermore, control channel overhead (PDCCH, PUCCH) need to be accommodated in the frame structure to ensure that URLLC requirements are met. In this contribution, control channels are not explicitly modeled.
We assume UE capability #2, i.e., N1=4.5 symbols for 30KHz and similar N3 capability for gNB. For the case of dynamic scheduling (i.e. no SPS), we assume 3 PDCCH symbols for the grant corresponding to initial DL transmission. We note that a PDCCH with 3 symbols contains 50 CCEs, at 40MHz BWP, and depending on ALs needed for different UEs, different number of users can be scheduled for their first transmissions. As mentioned, PDCCH is not explicitly modeled in the simulations. Figure 1 shows an illustration for the frame structure. Here D1 is the number of symbols for initial transmission and D2 is the number of symbols for retransmission (and possibly first transmission of UEs that could not be accommodated in D1).  
[image: ]
Figure 1: Frame structure for UE capability #2 without using SPS.

[bookmark: _GoBack]On the other hand, we assume if DL SPS is used for initial transmission, only one symbol for the first PDCCH is used. Hence, making more symbols available for data transmission (either D1 or D2). Although this single PDCCH symbol for SPS is used only at SPS update occurrences (when sending a SPS reconfiguration), but for simplicity of simulation we do not use that symbol for PDSCH between two consecutive SPS update occurrences, i.e. the frame structure is fixed between SPS occurrences.  Note that for periodic and deterministic traffic, SPS has some benefits: a) It reduces the PDCCH overhead increasing the amount of resources available for data b) Errors sources due to missing a DCI (for the initial transmission) are removed enhancing the overall reliability. In this contribution, only the first effect is captured.
In addition, for an improved UE/gNB processing capability compared to capability #2, the frame structure can benefit from increased amount of resources for data transmission. As an example, for enhanced UE/gNB capability (N1/N3), we assume that they are such that 3 more symbols are made available for DL data transmission (either in D1 or in D2). Table 1 summarizes various considered options for (D1,D2) corresponding to a given frame structure similar to Figure 1 enabling two transmissions within the latency budget for different scenarios.
Table 1: Considered options for (D1,D2).
	Scenario
	(D1,D2)

	Capability #2; no SPS
	(4,4)

	Capability #2; SPS
	(6,4)

	Enhanced Capability; no SPS
	(7,4)




Scheduling Method
Once we obtain the value of D1 and D2 based on the frame structure as discussed above, we use D1 for initial transmissions and D2 for retransmission. In addition, D2 can be used for the first transmission if some users cannot be accommodated in D1 for their initial transmission. The link adaptation is based on choosing an MCS based on wideband SRS and applying a backoff factor based on outer loop and an initial BLER target. The choice of the initial target BLER depends on different parameters, like (D1,D2), system bandwidth and number of UEs, outer-loop convergence time. In this contribution, we sweep the initial BLER at D1 for {10%, 1% and 0.1%} values.
For the case of SPS, the MCS is kept constant within a period of time. SPS reconfiguration can be used in principle to update the MCS value when needed. In this contribution, we align the SPS reconfiguration periodicity with that of SRS periodicity (mentioned in Table A-1). For D2, MCS is always selected dynamically, where aggregated channel uses from initial transmissions is incorporated.  
It is important to note that while the assumption of common D1 and D2 locations for all UEs is assumed for the worst case scenario where all UEs need to be scheduled at the same time (e.g. for Figure 1 with 4-symbol mini slot), when this condition is a bit relaxed or once different group of UEs are scheduled at different time offsets, scheduler can stagger different group of UEs, such that e.g. D1/D2 of one group is (partly) aligned with the UE/gNB processing time for another group. This can avoid the waste of resources during the UE/gNB processing time (e.g. red parts in Figure 1). Hence, the URLLC capacity can be improved even further with enhanced UE capability and SPS. Different locations of D1 and D2 for different UEs is not captured in the simulations. 

Simulation Results
Figure 2 shows the achievable capacity results for frame structures (D1,D2) =(4,4) and (D1,D2) = (7,4). It is observed that with dynamic PDCCH when SRS periodicity is 80 slots (40 ms), (4,4) frame structure can achieve 26 UEs per cell, while if we can save overall 3 symbols in UE (and/or gNB) processing time, (7,4) will achieve 38 UEs per cell. That is almost 46% gain in capacity. 
Observation1: Enhancing the UE/gNB processing capability (e.g. N1/N3) increases the URLLC capacity for FA.
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Figure 2: Performance results for Dynamic PDCCH (i.e. no DL SPS)

Figure 3 compares the achievable capacity of SPS and dynamic PDCCH. More precisely, in this figure dynamic PDCCH and (4,4) frame structure is compared with SPS and (6,4) frame, versus different SRS periodicities. As it is observed, for fast SRS transmission and SPS reconfiguration, (6,4) outperforms (4,4). As the SRS periodicity increases, the gain of extra data symbol decreases since SPS is more sensitive to outdated CSI. As mentioned, for the case of SPS, SPS update periodicity is equal to SRS periodicity.   
 [image: ]
Figure 3: SPS vs Dynamic PDCCH at different SRS periodicities

Observation2: Using SPS with proper rate of CSI update and/or SPS reconfiguration can increase the URLLC capacity for factory automation. 
Conclusions
Observation1: Enhancing the UE/gNB processing capability (e.g. N1/N3) increases the URLLC capacity for FA.
Observation2: Using SPS with proper rate of CSI update and/or SPS reconfiguration can increase the URLLC capacity for factory automation. 
Appendix
Table A-1. Simulation Parameters
	Parameters
	Value

	Inter-BS distance
	20 m

	Carrier frequency
	4 GHz

	BS/UE antenna configurations
	4 Tx/4 Rx antenna ports (DL)

	BS antenna height
	3m

	UE antenna height
	1.5m

	SCS 
	30 kHz

	Layout
	Single layer as defined in 38.802, and discussed during the meeting

	Channel model 
	ITU InH for 4 GHz

	UE distribution
	100% of users are indoor, no eMBB UEs

	UE-speed
	30 km/h  Doppler shift 111 Hz @ 4GHz

	HARQ/repetition
	Up to 2 transmission (i.e. 1 reTx) is allowed per packet

	Channel estimation
	Realistic

	Number of UEs per cell
	Sweep 

	SRS periodicity 
	10/20/40/80 slots 

	Performance metric
	Option 2 with X=0
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