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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832][bookmark: OLE_LINK5]3GPP completed NR Rel-15 in June 2018, which supports the basic URLLC functionalities with features for low latency and ultra-reliability. However, the NR Rel-15 URLLC was designed mainly based on single link URLLC requirements, e.g., to meet user plane (UP) latency of 0.5 ms and reliable transmission with 32 Bytes within 1ms latency boundary from single user perspective. 
[bookmark: _GoBack]In Rel-16, several SIs and/or WIs are related to URLLC and IIoT. Study items and work items on URLLC and IIoT were approved in Rel-16. During NR Rel-16 URLLC study item (SI) [1], baseline performance evaluations with Rel-15 technologies were conducted for several prioritized URLLC use cases, with results captured in TR 38.824 [2]. Enhancements for higher requirements on the latency and reliability are on-going under Rel-16 eURLLC WI [3] and Rel-16 NR IIoT WI [4]. In addition, another NR Rel-16 SI on channel modeling for indoor industrial scenarios was also approved [5] and the related work is planned to be finished within Rel-16. New RAN architecture is also considered for private network in Rel-16 [6].
In this contribution, we firstly provide the gap analysis on whether NR Rel-15&16 URLLC & IIoT can meet the URLLC requirements especially from perspective of availability, and then accordingly provide our views on the potential points for NR Rel-17 enhancements for URLLC & IIoT. Moreover, studies and potential enhancements based on specific use cases or scenarios including distributed machine controller, impacts from the new IIoT channel model are also discussed. 
2 Potential work scope for NR URLLC & IIoT Rel-17
2.1  Enhancements for system efficiency and availability
Table 2-1 shows the performance evaluations for URLLC/IIoT Rel-15&16 technologies based on simulation assumptions agreed in NR Rel-16 SI [2], where we can see that the availability, i.e., percentage of UEs that meet the reliability within latency bound, still has substantial space to be improved. 
Table 2-1: Availability evaluations for URLLC & IIoT use cases
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        * Indoor for AR/VR and factory: ISD 20m, 4GHz & 40MHz, 4T/4R, FDD
NR Rel-17 URLLC & IIoT should be enhanced to achieve the high availability and improve the system resource efficiency. 
It can be expected that the availability can be improved significantly by increasing available resource, e.g., large bandwidth or large number of carriers or more RX/TX antennas if possible. However, it would be challenging to get more resource (e.g. larger bandwidth) for some use cases, e.g. for use cases such as V2X and power distribution which are more likely supported on the wide public wireless network considering the mobility characteristic and the outdoor urban deployments, where typically FR1 is used and where it is difficult to find larger bandwidth to improve the service availability. Therefore, the potential enhanced direction should be to improve the system resource efficiency for these use cases.  
In addition, for some URLLC use cases for indoor or regional deployments, and for use cases with high data rate and tight latency bound, e.g., cloud AR/VR with high UE data rate, or factory automation with high UE density (e.g., more than 100 UEs per cell), it is very hard to simultaneously meet the requirements of high data rate and low latency by using FR1 only. 
Potential enhancements on system resource efficiency
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]In case of small packets and large UE density, e.g. for motion control applications, the coding gain is small and the trade-off between DL/UL DCI overhead and non-dynamic scheduling/UE pairing of SPS needs to be balanced. In case of medium-to-large packets for URLLC, one should consider not only the resource efficiency improved by multi-antenna Tx&Rx and related techniques, but also the requirement of low latency. For the reliability achieved by diversity, PDCP duplication is not resource-efficient in air interface for URLLC capability since it cannot achieve the soft combining gain from the physical layer. Enhancements for duplication in BWP/carriers is also possible.  In addition, there are also other remaining points from NR Rel-16 URLLC SID which are not captured into R16 WID, such as aperiodic CSI on PUCCH, early termination by explicit ACK channel for UL CG. Leftovers about multiple TRP transmission for URLLC from Rel-16 MIMO WID can be put in this work item.
Potential enhancements for FR2
For other URLLC use cases for indoor or regional deployments and with high data rate and tight latency bound, e.g., cloud AR/VR with high UE data rate or factory automation with high UE density, it is very hard to simultaneously meet the requirements of high data rate and low latency by using FR1 only. 
Rel-15/16 URLLC & IIoT considered a common design for FR1 and FR2. The system deployed on FR2 has characteristics such as larger bandwidth/SCS and shorter symbol length than those parameters for FR1. These characteristics can be inherently suitable for the URLLC use cases with high data rate and low latency. FR2 may also be used for indoor or regional deployments, since the co-existence requirement to the public wireless network may be easier to achieve due to higher path loss and penetration loss. 
Therefore, evaluations for URLLC use cases deployed on FR2 could be a valuable work and could provide important references for the understanding and potential enhancements of FR2 URLLC deployments. One potential issue is that mmWave on FR2 is not robust against the beam blocking. This can result in beam failure which impacts the reliability and introduce additional latency. Therefore, robust beam transmission, beam failure recovery and radio link monitoring for URLLC on FR2 should be considered. In addition, the joint operation among FR1 and FR2, e.g., by CA or DC, can also be optimized to meet URLLC requirement, e.g., reduce the HARQ feedback delay for the CA with FR1 and FR2. 
Potential enhancements on interference management for URLLC
5G NR is expected to serve the local URLLC with TDD including FR1 and/or FR2, while TDD slot configuration determines the RTT latency. For the outdoor eMBB macro base stations, the configuration is usually DL dominant, while for local IIoT use cases the configuration is usually more balanced or even UL dominant for the latency and traffic pattern considerations. Although there could better isolation for the two co-channel systems due to penetration loss by walls and distance, interference still exists and more advanced interference management enhancements are expected to make the indoor URLLC deployment and configuration more flexible. 
Another consideration is in the local URLLC scenario, for example in the case of multiple distributed PLC, spectrum is expected to be reused by different local close-loop UE groups, so real-time interference management is very essential for the URLLC performance.
2.2  Enhancements based on specific use cases or scenarios
Besides the generalized enhancements for the system efficiency and availability, another option to consider in NR Rel-17 URLLC & IIoT is the enhancements related to the specific use cases or scenarios. 
Distributed machine controller 
5G Alliance for Connected Industries and Automation (5G-ACIA) [7] is composed of the main OT vendors, who identify and analyze possible use cases and the associated requirements from the perspective of the industrial domain. At the same time, it is now actively contributing to the standardization and regulation of 3GPP, in order to ensure the best possible applicability of 5G technologies and 5G networks for the manufacturing and process industry.
A typical industrial communication network architecture is shown in Figure 2-1 comprising of the public network domain, the enterprise domain and several OT production domains. This scenario was brought from 5G-ACIA to SA1 and was agreed to be captured in TR 22.832 [8]. In the OT Production Domain, a production line includes a set of machines with executing devices, which are part of one or several production cells, and a line controller. The line controller controls several machine controllers (one for each production cell), whereas each machine controller controls a set of several field devices (sensors, actuators, drives, etc.). Typically, Industrial PC (IPC) and Programmable Logic Controller (PLC) are usually used as the line controller or machine controller in industry, respectively. 
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Figure 2-1: Industrial communication network architecture 

In Figure 2-1, there are three use cases in IIoT, 
· Use Case 1 (UC1): Line controller to machine Controller (L2C) communication  and machine Controller to machine Controller (C2C) communication 
· Use Case 2 (UC2): machine Controller to field Devices (C2D) communication 
· Use Case 3 (UC3): Devices to Compute (D2Cmp) communication 
In the above three use cases, C2C and C2D have already been included in 3GPP TS 22.104 [9]. In TS 22.104, motion control is introduced as a typical use case of C2D communications. For motion control, the machine controllers may be deployed in a distributed manner and may have the full control of the locally-terminated communication with its associated field devices, e.g., inside a production cell. The motion control requires enhanced URLLC (eURLLC) services with short cycle times (0.5-2ms) and high reliability (six up to eight nines), while the typical message size is 20-50 bytes. There may be up to 100 concurrent eURLLC connections to a machine controller, which can control an area of 50m*10m*10m. Furthermore, the communication success is dependent on additional parameters, such as the survival time, which implies that packet errors are allowed to some extent, but a certain amount of consecutive packet errors must be avoided. For C2C communication, the delay requirement is relaxed to 4-10 ms, and the message size can be as large as 1KB per cycle. In addition, the modular and flexible design of future factories shall be considered, suggesting the machine controller to be implemented on nomadic platforms, and enabling it to provide access in remote production areas.
In the traditional factory, line controller, machine controllers and field devices are connected via cable. With the introduction of 5G and the advent of Industry 4.0, the goal for factories is to become increasingly flexible and modular. The requirement of wired to wireless link replacement for industry 4.0 was proposed by Siemens AG and agreed in S1#87 meeting [10].  5G will enable these use cases by replacing the wired links with 5G wireless links. Based on the above discussion, we need to consider whether a new 5G architecture should be introduced to support the distributed machine controllers of industry production line, and study how to realize the locally-terminated eURLLC connections with stringent latency requirement. 
XR and Cloud Gaming 
As discussed in [11], eXtended Reality (XR) and Cloud Gaming are some of the most important 5G media applications under consideration in the industry. XR includes representative forms such as Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR), as well as Virtual Reality (VR) and the areas interpolated among them. The typical use cases include enhanced streaming with the capability of 6 Degrees of Freedom (6DoF) within a scene, e.g., AR guided assistant at a remote location for augmented instructions/collaboration. For the deployment scenarios, at least AR and Cloud gaming should be supported in all scenarios (e.g., Indoor and Ourdoor, Urban and Rural) while VR would be mainly supported in Indoor scenario. The use cases listed above result in traffic requirements that are high in throughput, low in latency, and high in reliability, and hence can be classified as a kind of enhanced URLLC services with specific demanding on transmission data rate. 
Following the description in S4-190860 (FS_XR5G), different rendering scenarios exist. Rendering may be done exclusively on the device, in the edge or can be split into edge server and the device. An exemplary architecture can be seen below, where the VR graphics workload split in XR server and HMD. Regarding the different architecture, the requirement of data rate over the air interface between 5G device and gNB can be obviously different where the signaling procedure and path selection can be studied. 
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Figure 2-2: XR architecture – split rendering
As discussed in [11], the main considerations of XR and Cloud gaming include capacity, power and mobility, besides the latency and reliability requirements which have been for focus of URLLC design in Rel-15/16. For capacity, the typical data rate per device is very high (e.g., at least 50Mbps to a few 100s of Mbps for VR and a few Mbps to 50 Mbps for AR). This is definitely the dilemma URLLC is facing, as explained in Sec. 2.1, and potential solutions include exploiting FR2 and increasing system efficiency. Moreover, scalable video coding (SVC) has been employed as an effective technique to reduce the bandwidth requirement when the transmission link is not reliable. In order to enable 5G connection between HMD and XR edge server, it is inevitable to overcome the variable channel condition and available bandwidth and hence differentiated L2 handling can be investigated so that the XR experience can be further improved by taking the layered encoded contents into account. 
Mobility is considered as one of the key factors for XR applications for outdoor employments. Therefore it is highly desirable to minimize the user experience degradation through mobility. However, “0ms interruption” in Rel-16 fails in achieving the “0ms interruption” of the user plane data due to data forwarding. Hence the experience of XR will be dramatically dropped during handover. 
Power is related to the specific use scenarios. For example, for the real-time 3D video chats or other indoor games, it is very possible that the device is powered by a cable. But for AR glass, the battery life and heat dissipation must be solved before successful commercial use. What 3GPP can do is to develop more power saving technologies for radio communication given that the low latency and high reliability requirements are not degraded.
Finally, with respect to the performance evaluation, it is straightforward to reuse the methods for URLLC. For example, the URLLC capacity can be evaluated to check the maximum number of devices consuming the services in a network and hence evaluate the commercial potential, with specified latency and reliability requirements. The only difference is that for XR and Cloud Gaming, the data rate would be very large and the bursty traffic rate can be significantly higher than the average rate, and this can also be characterized in the traffic modelling.
Study and evaluations based on the new IIoT channel model
As studied in the Rel-16 SI [5], the IIoT channel model has its specific characteristics which may have large differences compared with the previous indoor scenario defined in TR 38.901, as shown in Table 2-2. For example, there could be strong reflection multipath visible in industrial factories, and the related delay spread is much larger than the normal indoor scenarios. The previous system design, for example, the frame structure and the numerologies could be revisited for the specific industrial scenarios especially, for example, there are two options, introduce ECP for 30kHz or using ECP for 60kHz.

Table 2-2: IIoT channel modeling
	IIOT modelling components
	Existing 3GPP TR38.901
	New consideration in Rel-16 IIoT channel model

	Clutter mobility
	Not considered , but considered in V2V channel model, see 3GPP TR37.885
	Considered as an optional feature. Model is included in 3GPP TR38.901

	Dual mobility
	Not considered, but considered in V2V channel model, see 3GPP TR37.885
	Considered as an optional feature. Model is included in 3GPP TR38.901.

	Delay spread
	Not relevant to the indoor office size
	Relevant to V/S (V is the factory size and S is factory total surface area). V = hall volume in m3, S = total surface area of hall in m2 (walls+ floor+ ceiling).

	Blocking
	Model A and B
	Model B which considered the geometry feature is preferred, parameters are adjusted for new IIoT scenario.

	Absolute time of arrival
	Not considered
	Considered for position studies 
- In LOS, ttau0 = d3D/c
- In NLOS, ttau0 = d3D/c + Ddelta_tau, Ddelta_tau follows log-normal distribution.

	Embedded devices
	Not considered
	An additional loss parameter Lembedded is added to the path loss.

	Cluster number
	the number of clusters is 20
	Increase the number of clusters to 25.


3 Conclusions
In this contribution, we propose enhancements for NR Rel-17 URLLC & IIoT as follows:

1. Specify enhancements for URLLC/IIoT using carriers in FR1 and FR2 at least for the use cases of AR/VR with high UE data rate (up to 1Gbps) and factory automation with high UE density (more than 100 UEs per cell), applying new IIoT channel modelling in factory scenario [RAN1,RAN2]:
· Robust beam transmission, beam failure recovery, radio link monitoring for ultra-reliability and low latency on FR2
· Reduce the HARQ feedback delay for CA with FR1 and FR2
· Potential enhancement of the frame structure and the numerologies for the new IIoT channel model
2. Specify enhancements for improving system resource efficiency[RAN1]:
· Aperiodic CSI on PUCCH
· Early termination by explicit ACK channel for UL CG 
· SPS/CG enhancement with channel adaptation
· Physical layer repetitions on BWPs
· Scheduling and HARQ enhancement for closed-loop applications, which requires both DL and UL packet transmissions with tight cycle time
· Interference management for different slot configuration between outside and inside factory
3. Study and specify mechanisms catering for distributed machine controller are [RAN2, RAN3]:
· Study the 5G architecture catering for hierarchical topology of industry production line 
· Study the how to support the local terminated service with stringent latency requirement 
· Specify the identified mechanisms
4. Study and specify mechanisms catering for XR&Cloud gaming are [RAN2, RAN3]
· Study the procedure and path selection for the support of XR architectures;
· Study the L2 differentiated handling of streaming contents
· Study how to support the mobility scenarios without degrading the user experience
· Study power saving technologies for device with the requirement on reliability within low latency boundary
· Specify the identified mechanisms
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