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1 Introduction

NR Release 15 was specified for non-standalone (EUTRA-NR DC) and also for standalone NR primarily targeting eMBB operation. Nonetheless, basic support for URLLC is also provided with features such as flexible TTI durations, configured UL grant, flexible PDCCH monitoring occasions and short PUCCH formats. A new SI on URLLC enhancements for Rel-16 was approved at RAN #80 [1] with the core objectives being,

· Establishing the baseline performance achievable with Release 15 URLLC 
· PHY enhancements for improved reliability/latency
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
· Enhanced multiplexing considering different latency and reliability requirements (RAN1): UL inter UE TX prioritization/multiplexing. 
· Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)

This contribution addresses how to achieve the first two objectives, while discussions on the last two objectives are provided in separate contributions [2], [3]. Given that URLLC may cover diverse scenarios such as industrial IoT and wearable devices, we first discuss a set of prioritized use cases that could form the basis of the investigations during the SI. Secondly, we identify potential Rel-15 features that could be enhanced in Rel-16. However, any enhancements should be justified by first evaluating how well Rel-15 addresses the new URLLC requirements set forth in the SID. Therefore, we also provide our views on evaluation considerations. 

2 Discussion
2.1 Use cases and requirements
The SID lists three main use cases, factory automation, transport industry and electrical power distribution. In addition, AR/VR for the entertainment industry is listed as a potential use case for Rel-15 enhancements. In our view, the most attractive use cases are the new verticals as they provide the best opportunities for differentiating NR from LTE. 
Table 1 describes a set of requirements taken from TR 22.804 [4] for three exemplary use cases. Regarding V2X, the requirements for remote driving, which are listed in [5], are strikingly similar to those for mobile robots for factory automation as they both involve a remote operator controlling the actions of a vehicle (an AGV in the case of mobile robots). Since V2X is an active area within 3GPP and there is also an ongoing NR SI, it is preferable not to duplicate tasks and only consider aspects of V2X that are also found in URLLC. Therefore, in Table 1 we will take the use case of mobile robots use case as representative of V2X remote driving.

Table 1 Representative set of URLLC use cases for Rel-16 SI

	Vertical
	End-to-end latency (ms)
	Packet size

(bytes)
	Speed (km/h)
	Reliability
	Deployment area
	Number of UEs
	Other

	Factory automation – Motion control
	0.5 – 2 (Note 1)
	20-50
	≤ 72
	1 – 10-6

	≤100m2 indoor


	100
	1. Interaction with PLMN not required

2. High synchronicity between nodes


	Factory automation – Mobile robots
	1-10 (machine control) 

10-100 (remote control)
	15K-150K (video), 40-250 (control)
	≤ 50
	1 – 10-6

	≤ 1 km2 indoor/outdoor
	100
	In limited (indoor) area with small latency, no interaction with PLMN required

In wider area with relaxed latency, service continuity with PLMN may be required

	Power distribution
	50 (Note 2)
	100
	
	1 – 10-5

	Wide area
	
	Redundancy, potentially large number of devices


Note 1: cyclic transmission between controller, sensors and actuators

Note 2: Primary frequency control use case [4]
It is important to note that for motion control there is little to no interaction with a PLMN given that controllers, sensors and actuators are confined to a local indoor area or a well contained indoor/outdoor area. Therefore, inter-UE multiplexing of DL or UL data with different reliability requirements may not be required in the most challenging factory automation scenarios. Secondly, both small data packets for control or video (in the case of remote controlled vehicles) still fall under URLLC data that needs to be delivered within a latency budget. As such, the use case of mixed mode eMBB and URLLC traffic to/from a UE does not really apply. 

On the other hand electric power transmission/distribution networks would interact with the PLMN as they cover very large areas, implying that handling of URLLC and non-URLLC traffic needs to be studied. Given the diverse and requirements within the URLLC space it is desirable to prioritize use cases in the SI to ensure timely completion while addressing the most pressing market needs. In our view factory automation is a prime use case to target in the SI.
Observations:

1. The traffic in typical Rel-16 URLLC scenarios are purely URLLC rather than mixed URLLC and non-URLLC traffic
2. I-IoT scenarios target networks with limited or no interaction with a PLMN (so-called type-b network in [4]). Therefore, inter-UE multiplexing of URLLC and non-URLLC traffic is not an essential requirement for factory automation.
Proposal 1: consider URLLC-only traffic as a first priority in the Rel-16 SI. 

3 Potential areas for enhancement
In terms of both reliability and low latency, Release 15 supports the following features:

· Support of short TTIs of 2, 4 and 7 symbols
· Basic support of mini-slot PDCCH monitoring (Case 2)
· Support of 1-2 symbol PUCCH formats and up to two PUCCH transmissions in a slot.

· Different numerologies across carriers within the same PUCCH group
· BWP adaptation with different numerologies
· For L2, a set of LCP restrictions including subcarrier spacing, maximum PUSCH duration, Type1 configured grant transmission
· CQI reporting for target BLER of 1E-5 and low SE MCS tables for CP-OFDM and DFT-s-OFDM
Some key areas to investigate in terms of performing a gap analysis of Rel-15 feature set would include:
1. PDCCH monitoring: from the Rel-15 discussions it was observed that high aggregation levels may be needed to achieve PDCCH BLER of 1E-5. Increasing the end-to-end reliability to 1E-6 may require consideration of even lower PDCCH target BLER. Having to use e.g. AL16 candidates would impose a heavy demand on the system depending on cell loading given that one AL16 candidate takes up 96 PRBs for 1 symbol CORESET. Therefore, system level evaluations should consider the impact of PDCCH blocking and the number of PDCCH monitoring occasions per slot.

2. HARQ-ACK feedback: fast HARQ-ACK feedback is enabled with PUCCH formats 0 and 2. One limitation in Rel-15 is that although a UE may transmit two PUCCHs in a slot, only one of them may contain HARQ-ACK. To achieve the short end-to-end latencies for some URLLC scenarios, mini-slot-based scheduling on the order of 2 – 4 symbol durations may be required and a UE should be able to transmit corresponding HARQ-ACK feedback as soon as possible without HARQ-ACK multiplexing.

3. UCI multiplexing: although several UCI-on-PUSCH multiplexing mechanisms were introduced in Rel-15, there was no performance evaluation of the impact on UCI BER or UL-SCH BLER. This has to be investigated for URLLC as it is necessary to evaluate the reliability of such multiplexing. Secondly, if mixed mode traffic is deemed necessary for some use cases such as AR/VR, it is necessary to consider if/how eMBB UCI is multiplexed with URLLC UCI or data in order to meet latency/reliability metrics.
4. Configured DL assignment and UL grant: one key feature in motion control is the cyclic nature of communication between controllers, sensors and actuators. As described in [4] a communication cycle consists of (a) a motion controller sending set points to a group of actuators and sensors transmitting measured values in their internal buffer to the motion controller, (b) at a defined sampling instance within the cycle, the actuators acting on processes according to the latest set points received from the motion controller and the sensors determining the current state of the processes and storing in their internal buffer waiting for transmission in the next cycle. This periodic transmission operation may be better suited to configured DL assignments and UL grants with the added benefit of reducing DL control signaling. Potential enhancements for configured UL grant operation are discussed in more detail in a separate contribution [2] but improvements to DL SPS operation should also be considered as SPS requirements are quite different from URLLC.
Observation: possible areas of enhancement include PDCCH monitoring, increased HARQ-ACK feedback opportunities, UCI multiplexing and configured DL/UL grant operation. 

3.1 Considerations on evaluation methodology
As URLLC was not the main target for Rel-15, not much effort was put into evaluating how well Rel-15 features satisfied the NR Rel-15 objectives described in 38.913 including the IMT-2020 requirements. The evaluations for IMT-2020 submission are ongoing but it is focused on evaluating whether a single UE meets the ITU URLLC requirement [6] but does not consider system aspects including how many users in a cell satisfy the requirements. For the URLLC SI more comprehensive evaluations should first be performed to determine the priority areas for enhancement as not all mechanisms discussed during Rel-15 are needed for Rel-16 URLLC use cases. For instance, it is debatable whether explicit ACK mechanism proposed for configured grant operation is truly beneficial for URLLC or better suited to e.g. unlicensed operation as discussed in [3]. 
Proposal 2: before discussing new technology components or enhancements to Rel-15 features, first evaluate performance of Rel-15 considering the Rel-16 URLLC requirements. 

Performance metric

The main performance metric should be the number of users satisfying target reliability and latency criteria. The target BLER of 1E-5 can be a starting point for evaluating Rel-15 features since there has not been a comprehensive evaluation so far. 

Deployment and latency considerations
For motion control, an indoor deployment scenario should be the starting point for evaluation. However, the present indoor model in 38.901 is for office environments and shopping malls and is not representative of a factory environment. For instance, a factory environment may be characterized by strong metallic reflectors. Secondly, sensors placed on rotors and other moving parts of machinery move at much higher “UE speeds” (up to72 Km/h in Table 1) compared to the pedestrian speeds typical of indoor scenarios. Since a new channel model study may not be feasible within the 6-month SI time frame, it may be necessary to discuss appropriate refinements to either indoor hotspot model to better reflect factory deployments. 
Urban macro deployment on the other hand is suitable for electric power networks and the existing simulation assumptions in e.g. 38.802 can be mostly reused.

We also propose to consider FR1 as a baseline for evaluations in the SI and 4GHz can be a starting point. FR2 can be considered with lower priority. Furthermore, as mentioned in the SID, aspects such as multi-TRP transmission which may improve reliability are handled in other WIs/SIs and do not need to be duplicated here. 

It should be noted that the end-to-end latency requirements described in [4] need to be translated into meaningful RAN requirements. Specifically, latency can be divided into RAN and CN delays and this should be taken into account in the performance evaluations. There is also some dependency on the assumptions for the network architecture. For example in a motion control system as shown in Figure 1(a), the controller may be collocated with a gNB, which reduces end-to-end latency between the controller and actuators or sensors. In contrast, Figure 1(b) shows a different deployment where end-to-end links go through the gNB which in turn increases the end-to-end latency. 
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Figure 1 Illustration of different radio links in a motion control system
Based on these considerations, Table 2 describes a preliminary set of evaluation assumptions for motion control as an exemplary use case. 
Table 2 Evaluation assumptions for factory automation
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Channel model
	ITU InH as a starting point. Discuss any refinements to reflect factory environment

	UE distribution
	100% indoor, URLLC-only users

	UE speed
	30 km/h, [3]km/h 

	Numerology
	30 KHz, Normal CP

	Traffic arrival rate


	Option 1: periodic for cyclic traffic with inter-arrival time of 1-2 ms

Option 2: Poisson for non-cyclic traffic

	Packet size
	30 – 50 bytes for cyclic traffic


	Performance metrics
	Target BLER: 1E-5, 1E-6

Latency budget: 1 – 2 ms

	HARQ operation
	Report assumptions on HARQ-ACK, SR, configured grant operation

	DL control signaling
	Report assumptions on number of monitoring occasions per slot

	Data duration
	2, 4, 7 symbols


Proposal 3: consider the assumptions in Table 2 as a starting point for performance evaluation in a factory automation setting

4 Conclusion
This contribution provided our initial views on how to proceed with the Rel-16 URLLC SI work. The proposals are summarized as follows:
Observations: 

· The traffic in typical Rel-16 URLLC scenarios are purely URLLC rather than mixed URLLC and non-URLLC traffic.
· Inter-UE multiplexing of URLLC and non-URLLC traffic is not an essential requirement for factory automation.
· Possible areas of enhancement include PDCCH monitoring, increased HARQ-ACK feedback opportunities, UCI multiplexing and configured DL/UL grant operation.

Proposal 1: consider URLLC-only traffic as a first priority in the Rel-16 SI.
Proposal 2: before discussing new technology components or enhancements to Rel-15 features, first evaluate performance of Rel-15 considering the Rel-16 URLLC requirements.

Proposal 3: consider the assumptions in Table 2 as a starting point for performance evaluation in a factory automation setting.
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