3GPP TSG RAN Meeting #80


                 


RP-180792
La Jolla, USA, June 11 - 14, 2018
Agenda Item:
9.1.9
Source:
AT&T GNS Belgium SPRL
Title:
URLLC Scenarios and Enhancements for NR Rel 16
Document for:
Discussion/Approval
1 Introduction
At RAN#79 it was decided to have an email discussion on scope of NR Release 16 URLLC Study/Work Item, including use cases and requirements for URLLC, and proposed improvements to support URLLC requirements. The purpose of this paper is to provide additional background and support for proposed use cases, requirements and L1/L2 improvements. 
2 URLLC Use Cases and Requirements

3GPP TR 22.804 lists many communications use cases for automation in vertical domains. Additionally, 3GPP TS 22.261 provides some scenarios and service requirements for URLLC services. While a wide range of use cases and applications for URLLC service have generally been discussed, for Release 16, we prefer to categorize URLLC use cases into three major use case profiles as follows:
Table 1: URLLC Use Case Profiles

	URLLC Use Case Profile
	UPT
	E2E Latency
	Reliability

	Profile 1
	< 10 Mbps
	< 5 ms
	99.9999%

	Profile 2
	< 1 Gbps
	< 20 ms
	99.99%

	Profile 3
	< 100 Mbps
	< 50 ms
	99.9999%


These profiles generally cover a broad set of scenarios and use cases of importance for NR URLLC in Release 16. Some examples of such services are provided below:
URLLC Use Case Profiles:

· Profile 1: <10Mbps UPT, <5ms end-to-end latency, 99.9999% reliability

· Industrial automation – Motion control (robotic, remote) – very low latency (< 1ms) and high reliability (99.9999%)

· Industrial automation – Smart grid, electrical power distribution – low latency (<5ms) and high reliability (99.999%)

· eV2X - Remote driving/vehicle control – low latency (5ms) and high reliability (99.999%) (ref. 3GPP TR 22.886)

· Profile 2: <1Gbps UPT, <20ms end-to-end latency, 99.99% reliability

· AR/VR - 7-15ms motion-to-photon latency with moderate to high data rates (e.g. 250 Mbps) depending upon type of camera (e.g. 360 video)

· Profile 3: <100Mbps UPT, <50ms end-to-end-latency, 99.9999% reliability

· Industrial automation – Process automation – low latency (50ms) and high reliability (99.9999%)

3 URLLC Deployment Scenarios

3.1 Deployment Bands

FR1 bands will be important deployment bands for URLLC services due to good propagation characteristics leading to reasonably good range and good suitability for enhanced service reliability. However, it is also very important to consider the use of FR2 bands for deployment of URLLC services. FR2 bands are inherently well suited for low latency services due to higher sub-carrier spacing, and are possibly the only choice for high data rate services that also require tight latency and high reliability due to large available bandwidths. Many services in the area of industrial automation that are typically deployed in indoor settings are therefore quite suitable for deployment in FR2 bands. 

Observation 1: Both FR1 and FR2 bands are important for deployment of URLLC services.

Moreover, some FR1 bands may be configured for FDD deployment while other FR1 bands may be configured for TDD deployment, and FR2 bands usually tend to be configured for TDD deployment. Hence, URLLC features developed in Release 16 must be enabled in TDD as well as FDD bands to allow maximum flexibility to the operator in deployment of URLLC services across their network. 

Observation 2: URLLC features must be enabled in TDD as well as FDD bands.

3.2 Deployment Scenarios

We envision a wide range of deployment scenarios for URLLC services in outdoor as well as indoor scenarios as follows:

· Outdoor deployment scenarios

· Wide area network deployment (e.g. V2X use cases, outdoor remote control of farm equipment)

· Localized outdoor deployment, including private network deployment (e.g. electricity grid automation)

· Indoor deployment scenarios

· Many use cases in closed private indoor networks or open public indoor networks (e.g. factory automation, indoor remote control of equipment, AR/VR applications, etc.)
Observation 3: URLLC services may be deployed in wide area or localized outdoor environments as well as different indoor scenarios.
Depending upon the deployment scenario, we envision URLLC services to be deployed on either a dedicated carrier or dedicated bandwidth part, or deployed in a multiplexed manner with other services, including eMBB on the same carrier. This requires that URLLC traffic must be dynamically multiplexed with eMBB services based on inter- and intra-UE preemption and mini-slot based scheduling. Such capabilities provide good flexibility in deploying URLLC services in a dynamic and opportunistic manner without the risk of traffic from other non-URLLC services affecting the performance requirements of URLLC services. 

Observation 4: URLLC traffic should be dynamically multiplexed with eMBB services.
4 Proposed Improvements for URLLC
To support the above described use cases and deployment scenarios, we envision several L1 and L2/L3 improvements to enable URLLC services as described in the following sub-sections.
4.1 L1 Improvements

We believe that in order to support URLLC service requirements in a wide range of deployment scenarios, L1 improvements are needed in several areas: 
PDCCH and PUCCH Enhancements:

· PDCCH enhancements such as repetition, UE recommendation for repetition factor, compact DCI should be considered to increase reliability. 

· PUCCH performance should be enhanced using transmit diversity or SORTD types of techniques 

PUSCH Enhancements:

· PUSCH performance should be improved by using multi slot frequency hopping, since in Release 15 it is found that having different frequency hopping pattern per each slot improves the performance in some cases.
CSI Enhancements:

· Enhancements to CSI framework should be considered for more URLLC-specific feedback for MIMO systems in fading channels as Release 15 considered mainly focused on AWGN channel. 
Sharing URLLC with eMBB

· Inter- and intra-UE preemption for URLLC traffic for both UL and DL should be considered. 

· Multiple active BWPs should be considered to enable URLLC-specific configuration for latency reduction (e.g. SCS, other control/data channel configuration, etc.), and also for data duplication and simultaneous seamless transmission of URLLC and eMBB traffic on different BWPs.
Outer encoding techniques 
· The use of outer encoding techniques at L1 should be considered for URLLC as it has significant potential for improving reliability.
Robust beam management and beam failure recovery for URLLC
· Enhancements for more robust beam management and beam failure recovery are critical for achieving reliability targets for URLLC, especially in mmWave frequencies. 
· Improvements that enable faster beam acquisition techniques, and more fine-grained beam tracking should be considered. 
· Furthermore, improvements for earlier beam failure detection, especially for blockage-based beam failures in mmWave frequencies should be considered.
Radio link monitoring enhancements for URLLC (L1 and L2 parts)
· Stringent reliability and latency requirement requires tighter radio link monitoring for URLLC to ensure more agile beam management and proactive beam failure recovery. While robust beam management and beam failure recovery is a critical part of this, better radio link monitoring goes hand-in-hand with this. 

· URLLC service-specific RLM/RLF timers and thresholds should be configurable to proactively detect and recover from deteriorating links. 
Proposal 1: L1 improvements discussed in Section 4.1 should be considered for Release 16 URLLC SI/WI.

4.2 L2 Improvements

Intra- and Inter-frequency multi-connectivity with data duplication
· Multi-connectivity is a powerful tool for reliability improvement of URLLC traffic. Both lower and higher layer multi-connectivity should be considered for use in appropriate deployment scenarios. 
· Lower layer multi-connectivity with simultaneous scheduling of the same data from a single DU via multiple TRPs in a multi-DCI transmission may provide significant reliability improvement in such a deployment scenario. 
· Higher layer multi-connectivity with data duplication at the PDCP layer residing at the CU-UP, and transmission of the same PDCP PDUs via multiple DUs in a CU/DU split architecture, may also provide significant reliability improvement in this type of a deployment scenario. 
Network coding at L2
· Higher layer multi-connectivity with data duplication, especially when such multi-connectivity is enabled over more than two multi-connectivity legs, has the potential of becoming more and more inefficient as the amount of data transmitted for a URLLC bearer increases. 

· Use of network coding at the PDCP layer residing at the CU-UP can significantly help to reduce such inefficiency caused due to data duplication over multiple legs. The use of outer codes, such as rateless fountain codes, can allow ‘spraying’ of encoded URLLC packets across more than one multi-connectivity leg to enable successful reception when receiving only a subset of the transmitted URLLC packets.
· The overall overhead reduction of network coding at L2/L3 compared to pure data duplication is expected to be quite significant without the loss of performance. 

2-step RACH
· 2-step RACH was discussed significantly during Release 15, however it was not possible to standardize this in Release 15 due to insufficient time.
· It has been shown that 2-step RACH can offer significant reduction in initial access time, which is especially valuable for latency reduction for URLLC services. 
· 2-step RACH should be considered in Release 16. 

Proposal 2: L2 improvements discussed in Section 4.2 should be considered for Release 16 URLLC SI/WI.

5 Conclusion
In this contribution we discussed URLLC deployment use cases and scenarios, and improvement proposals for Release 16. The following observations were made:
Observation 1: Both FR1 and FR2 bands are important for deployment of URLLC services.

Observation 2: URLLC features must be enabled in TDD as well as FDD bands.

Observation 3: URLLC services may be deployed in wide area or localized outdoor environments as well as different indoor environments.

Observation 4: URLLC traffic should be dynamically multiplexed with eMBB services.

In order to meet URLLC service requirements under a wide range of use cases and deployment scenarios, we discussed several L1/L2 improvement proposals. The following proposals were made:

Proposal 1: L1 improvements discussed in Section 4.1 should be considered for Release 16 URLLC SI/WI.

Proposal 2: L2 improvements discussed in Section 4.2 should be considered for Release 16 URLLC SI/WI.
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