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1 Introduction

Ultra-Reliable and Low Latency Communications (URLLC) is one family of usage scenarios identified in TR 38.913. This usage scenario is also discussion in TR 22.862 where the use cases are further elaborated. 
From TR 22.862 it can be read that this use case family is characterized by higher reliability, higher availability and lower latency.

This contribution aims a further identify characteristics of this use case family and functional impact on the NR RAN. The analysis is broken down based on the 3 characteristics mentioned in TR 22.862. It is proposed to capture the text proposal in the RAN3 TR 38.801.
2 Discussion
2.1 High Reliability

High reliability is one of the most important aspects for standardization of URLLC. As can be seen in TR 22.862 not all use cases in this family requires down to 1 ms latency, but instead what is most important is that the messages get reliable delivered within a given latency bound. Reliability in this sense can be defined such that the ratio of lost, erroneous or delayed messages (i.e. exceeding the given latency bound) should be very low. If for example, the reliable transmission of messages within a delay bound of 1ms shall be provided at a reliability level of 1-10-5 then only 10-5 of the transmissions may either fail, or lead to latencies exceeding the 1ms bound. In other words, for a URLLC service, the successful in-time transmission of messages needs to be guaranteed towards the service up to the given reliability level for the defined latency bound.
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Fig. 1: Reliability in relation to latency where latencies are guaranteed up to the reliability level.

Observation 1: High Reliability as defined by a very low rate of lost, erroneous or late messages (i.e. exceeding a latency bound) is a common denominator for many URLLC application and should be the focus of standardization.

2.2 High Availability

High availability is related to e2e availability of an adequate communication path between the applications of the communication endpoints. The availability is specific to a service (or a class of services). For example, the availability provided by a specific network deployment and configuration for low-rate services with required high reliability but modest latency may differ from the availability provided to high-rate services with modest reliability and very low latency. Furthermore, the availability of services needs to be considered within the area of interest for a certain service. For example, for industrial factory automation [1] availability is only relevant within the factory area, whereas for remote control of vehicles [1] a much larger geographic area is relevant concerning the availability.

This communication path between the communication end points will be made up of radio links as well as transport links and different HW and SW functions. These radio, transport and HW/SW may be deployed using redundant components and links thus providing high availability. The provision of high availability is very much up to the operator offering the URLLC service. It is uncertain if there are any specific standardization impacts. It seems that if the standardization ensures that URLLC requirements on low latency and high reliability can be achieved, it is up to an operator to provide such solutions with sufficiently high availability.
Observation 2: The provision of high availability is very much up to the operator offering the URLLC service. It is uncertain if there are any specific standardization impacts other than those related to providing low latency and high reliability.
Proposal 1: It is proposed not to focus discussion in standardization on high availability as in node, HW/SW, transport link availability, and instead the focus should be on mobility, radio link features etc. related to providing low latency and high reliability. 
2.3 Low Latency
Low latency is frequently mentioned in relation to URLLC in TR 22.862 and TR 38.913. For instance TR 38.913 talks about target latency for URLLC of 0.5ms for UL, and 0.5ms for DL. It is important to note though that many URLLC use cases may not require such low latency. In TR 22.862 there are use cases ranging from 1 ms end-to-end to seconds. Overall, many URLLC services are most interested in the latency bound (i.e. the largest message latency that is expected to be achieved with a high reliability, see Fig. 1). Transmission with lower latency than the bounded latency may not provide any benefits. Overall it is expected that there will be a trade-off between reliability and latency (see Fig. 2), e.g. a system may be able to provide 0.5 ms latency with low reliability while much higher reliability is achieved (e.g. thanks to re-transmissions) if the latency is allowed to be longer. The goal should be for NR to reach further in both the low latency and high reliability domains.

[image: image2]Fig. 2: Example trade-off between reliability and latency

Observation 3: Very low latency can be an important aspect of URLLC, but it is not the only aspect. In many cases the High Reliability is more important for an application; since the application relies on that the successful message transmission is guaranteed within a latency bound (the latency itself may be even modest).
3 Impact on NR RAN functionality
In order to support high reliability services the RAN needs to know which bearers or flows are associated with a high reliability services (e.g. dictated by bounded latency). It is assumed that an indication which bearers or flow will be transmitted from the CN. The mechanism could potentially re-use existing bearer setup procedure or be new.
When the RAN_Node receives this indication it will perform some admission control to see if the service can be supported. 
If the service is admitted the RAN will support the latency and loss ratio as specified. If the RAN can no longer support the service e.g. due to poor link conditions or congestion, the RAN will indicate to the CN that the service can no longer be supported, this indication can then potentially propagate to the application layer making it possible to adapt the application behaviour knowing high reliability service is no longer supported. See figure below for example signalling flow.
If the service is not admitted the RAN will send an indication to the CN that the service cannot be setup.
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Proposal 2: A high level description of NR RAN functionality to support high reliability services should be added to the RAN TR as NR RAN functionality.
4 Conclusion

In the previous sections we made the following observations and proposals: 
Observation 1: High Reliability as defined by a very low rate of lost, erroneous or late messages (i.e. exceeding a latency bound) is a common denominator for many URLLC application and should be the focus of standardization..

Observation 2: The provision of high availability is very much up to the operator offering the URLLC service. It is uncertain if there are any specific standardization impacts other than those related to providing low latency and high reliability.
Proposal 1: It is proposed not to focus discussion in standardization on high availability as in node, HW/SW, transport link availability, and instead the focus should be on coverage, mobility, radio link features etc. related to providing low latency and high reliability. 

Observation 3: Very low latency can be an important aspect of URLLC, but it is not the only aspect. In many cases the High Reliability is more important for an application; since the application relies on that the successful message transmission is guaranteed within a latency bound (the latency itself may be even modest).

Proposal 2: A high level description of NR RAN functionality to support high reliability services should be added to the RAN TR as NR RAN functionality.
Below is a text proposal to RAN3 TR to capture some relevant aspects of the URLLC use case.
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6 Text proposal to 38.801
FIRST CHANGE
6.1
Functional split
Editor’s note: Intention is to capture high level list of functions to be allocated between RAN and CN and within the RAN.
6.1.1
RAN-CN functional split
6.1.1.1
NR RAN functions
NOTE 1:
The further detail of the functionalities needs further study.

NOTE 2: 
NR RAN refers to a RAN supporting NR. It may only consist of NR (standalone NR operation) or it may consist of NR and LTE (tight interworking) or it may consist of NR, LTE and WLAN (tight interworking). 

Functions similar to E-UTRAN as listed in TS 36.401 [3]
-
Transfer of user data

-
Radio channel ciphering and deciphering

-
Integrity protection

-
Header compression

-
Mobility control functions:

-
Handover

-
Inter-cell interference coordination

-
Connection setup and release

-
Load balancing

-
Distribution function for NAS messages

-
NAS node selection function

-
Synchronization
-
Radio access network sharing

-
Paging 

-
Positioning
Functions specific for NR RAN:

-
Network Slice support

-
This function provides the capability for NR RAN to support network slicing
-
Tight Interworking with LTE

-
This function enables tight interworking between NR and LTE by means of data flow aggregation. This function includes at least dual connectivity. Interworking with LTE is supported for collocated and non-collocated site deployments.
-
Multi-connectivity
-
This function provides means for connectivity between an NR node and multiple NR nodes by means of data flow aggregation.
-
LTE-NR handover through LTE-NR interface
-
This function provides means for LTE-NR handover via the direct interface between an eLTE eNB and a NR BS.
· Support for high reliability services
· This function includes receiving an indication from the CN that a given UE requires a high reliable services (e.g. with low latency, and low ratio of delayed, lost or erroneous packets). The RAN has functionality to perform admission control for reliable services based on request from the CN and to indicate to the CN when a given reliable service can no longer be supported.
NR RAN may also include other functions:

-
Contacting UEs in inactive mode (feasibility of UE Inactive mode to be further studied and coordinated with RAN2)
-
This function may be associated with a NR location area management function providing the capability for NR RAN to manage location areas. If it exists, it is FFS whether and how this NR location area management function will be coordinated with LTE and whether and how it will interact with the NG Core location area management.
-
Direct services support (further study related with D2D, coordinate with RAN1, RAN2)

-
This function provides communication whereby UEs can communicate with each other directly
-  Interworking with non-3GPP systems 
- This function provides interworking between NR and Non-3GPP RAT (e.g. WLAN).

-
LTE-NR handover via CN
-
This function provides means for LTE-NR handover via CN.
SECOND CHANGE

10
Ultra-Reliable and Low Latency Communications
The URLLC use case family contains use cases requiring high reliability, high availability and low latency. These three characteristics and their impact on NR standard are defined below. 

10.1 High Reliability

High reliability is about providing high likelihood of delivering error free messages through the 3GPP system within a bounded latency. A performance metric for high reliability is the ratio of successfully delivered error free messages within a delay bound over the total number of messages. The required ratio and delay bound may be different for different URLLC use cases. Solutions should be developed making it possible for NR to support services with high reliability requirements.

10.2 High Availability

High availability is related to a communication path through the 3GPP system providing reliable services. It can be measured in different ways e.g. uptime ratio, ratio of successful service setup attempts over total attempts. This communication path between the communication end points will be made up of radio links as well as transport links and different HW and SW functions. These radio, transport and HW/SW may be deployed using redundant components and links thus providing high availability. The provision of high availability is up to the operator offering the URLLC service and is therefore partly out of scope of NR standardization.
10.3 Low Latency

According to TR 38.913 NR should support latencies down to 0.5 ms UL/DL for URLLC. It shall be noted though that not all services will require such short latency and there will also be a trade-off between latency and reliability meaning that services requiring very high reliability may need to cope with higher latency. For many URLLC services is it is expected that the bounded latency characteristic related to high reliability is more important than the average message latency or the lowest latency for a given message. Solutions should be developed making it possible for NR to support services with low latency requirements.


Editor’s note: RAN3 will work on NR RAN architecture solutions to support end-to-end latency requirements in coordination with SA2.
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