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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 the remaining details related to URLLC simulation assumptions.  
This contribution is organized as follows:
· Section 1 contains important considerations for analysis and simulation of URLLC performance in Rel. 16.
· [bookmark: _Hlk506272084]Section 2 presents a summary and conclusions. 
2 Remaining details on URLLC evaluation methodology
After RAN1#94 meeting, RAN1 agreed to have an email discussion to reach agreement on simulation assumption details that has been presented in [2]. In this document we present our view on conditions that we see as being important in URLLC performance evaluation:
a) Selection of Sub-Carrier Spacing (SCS)
We think during the study phase no restriction should be placed on the selection of SCS value to be considered in analysis and simulations. We know it would be challenging to meet aggressive end-to-end latency requirements (on the order of 1 ms or even lower) with the smaller SCS such as 15 KHz. However, we think that even with this low SCS, some URLLC applications could be supported and it would be an important part of this study to identify the challenges to support URLLC latency and reliability requirements for this and any other value of SCS. Therefore, we suggest that no SCS value should be made a default value during the study phase and that SCS = 15 KHz should be included during the Rel. 16 study phase, especially for applications deployed in macro-cellular environments. See entry for SCS in Table a, following Proposal 13 in [2] and also summary of views on Question 8.

b) Selection of End-to-End Latency Target
In our view much confusion has arisen during discussion of end-to-end latency targets for URLLC evaluation and we offer the following to clarify this point (see entry for end-to-end latency for Factory Automation in Table 1 of [2]). In general, end-to-end latency includes several delay components (transmission, propagation, core network and reception/processing delays).  RAN1 should assess the end-to-end latency due to the radio network, that is excluding the core network delay (the entry in Table 1 of [2] assumes a 1 ms core network delay, but in practice this number is a random variable and can be much larger than 1 ms). From the beginning of URLLC-related work during Rel.15, we have assumed a target of 1ms end-to-end latency for the radio network, as illustrated in Figure 8 of [3] (and also Figure 1 of [4]), reproduced below for convenience. Note that this figure illustrates that latency is measured from the instant the UE receives a packet to be sent on the UL (i.e., sensor input) to the instant the packet is decoded on the DL (i.e., beginning of actuator action).  With this convention in mind, we favour clearly specifying the end-to-end radio network latency target to be 1 ms, which would be consistent with previous URLLC work done in RAN1.
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Figure 1.  Illustration of radio network end-to-end latency target (Figure 8 of [3])

c) Number of users per cell for Factory Automation

As discussed during the RAN1#94, user loads for Factory Automation can range from 10 to 40 or more users per cell (see entry for Factory Automation in Table 1 of [2]). According to a literature survey [5] (see Table 1, entries A1-A4), Factory Automation device density can range from 0.33 to 3 devices/m2.  Assuming a factory automation floor of 10m x 10m (100 square meters), this would give a range of users from about 30 to 300 users. For Rel-16 development RAN1 could consider a range of 10 to about 100 users per cell for Factory Automation applications. This potentially large user load is consistent with the larger bandwidths envisioned for NR (e.g., 40 MHz or even higher) for large industrial deployments.

d) Number of TX and RX antennas on the UE side
During the email discussion [2] on URLLC simulation assumptions following the RAN1#94 meeting, there have been different views on the number of antennas that can be considered for URLLC simulation. Although this issue is still FFS, we think that we should not exclude the simplest applications such as AR/VR (think Microsoft’s Hologens and Facebook’s Oculus) where due to space and limited battery considerations, a single TX antenna can at most be supported and perhaps a few RX antennas could be supported, e.g., an antenna configuration such as 4 RX/1TX or 2RX/1TX could be considered for these applications. See summary of views on Question 8 in [2].

2	Conclusion
Based on the discussion in the above section we propose the following assumptions to be considered for the Rel-16 URLLC study:
Proposal 1: SCS = 15 KHz should be included during the URLLC performance evaluation in the Rel. 16 study phase. Indeed, an important part of this study should be to determine the range of latency and reliability for URLLC applications that could be deployed with LTE networks.
Proposal 2: The end-to-end radio network latency target for Factory Automation should be 1 ms, which would be consistent with previous URLLC work done in RAN1.
Proposal 3: RAN1 should consider up to 100 users per cell for Factory Automation applications. This is appropriate especially as RAN1 considers deployment of carrier bandwidths of 40 MHz or higher.
Proposal 4: On the UE side, 4 RX/1TX or 2RX/1TX antenna configuration should be studied for space and power limited AR/VR devices.
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