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1 Introduction

In the last RAN plenary meeting (RAN#71), a new study item on ‘New Radio Access Technology’ that does not require backward compatibility to LTE was approved to meet a broad range of use cases including eMBB (enhanced Mobile BroadBand), mMTC (massive Machine-Type-Communications), and URLLC (Ultra-Reliable and Low Latency Communications) [1]. Detailed use cases of each are summarized in [2].
This contribution discusses URLLC support in 5G new radio interface such as physical layer aspects and performance evaluation methodologies according to its KPIs (Key Performance Indicators) and deployment scenarios.
2 Discussion
2.1 KPIs and their performance evaluation methodologies for URLLC
As included in its name, two main KPIs for URLLC are latency and reliability, whose definitions and requirements are described in TR38.913 [3] as follows:

User plane latency

· Definition: the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX
· Target requirement for URLLC: 0.5ms for UL, 0.5ms for DL (average value)

Reliability

· Definition: the success probability of transmitting [X](FFS) bytes within 1 ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge)
· Target requirement: 1-10-5 within 1ms

For user plane latency, if the definition is the same as LTE U-plane one way latency for a scheduled UE described in TR36.912 B.2 [4], the factors to consider for user plane latency calculation are node processing delays (both for eNB and UE), radio frame alignment (depending on frame structure and duplex mode), TTI (transmit time interval) duration, and number of HARQ processes. Therefore, the user plane latency can be calculated analytically (not by simulation) after those physical layer configuration parameters are determined. When frame/subframe structures can change in time and frequency to support vertical service multiplexing and  TDD (UL/DL) configurations in 5G new radio interface, the user plane latency requirement may be fulfilled if a specific configuration specially designed to meet the requirement is specified. For example, the average user plane latency of 3GPP Rel-8 is 4ms with 0% HARQ BLER and 4.8ms with 10% HARQ BLER in FDD, and  4.9ms with HARQ BLER 0% in TDD UL/DL configuration #6; these values satisfy the 5ms user plane latency requirement. (Note: In other configurations, the values exceed 5ms. See B.2 in [4])
For reliability, however, the description in TR38.913 [3] is not quite clear yet. Since information bit size, packet error rates, latency, and coverage are jointly considered for the reliability and its requirement can be different for different use cases, we shall have further discussions on detailed definitions for latency (specified as ‘1ms’ as of now) and cell edge conditions. For example, a set of joint requirements considering information bit size, packet error rate, latency, and coverage can be defined for different use cases rather than 1-10-5 within 1ms. The meaning of the latency value of ‘1ms’in [3] should also be clarified if the addition delays due to queuing, packetization, and scheduling should be taken into account for the latency calculation. If so, these effects can be evaluated by SLS (not by LLS). In TR36.881 [5], typical radio access latency components including scheduling request/grant for UL are described. Reflecting these discussions, for URLLC, we can think the following three options to interpret the latency definition in the reliability of KPI as follows:

· Option 1: The addition delays due to queuing, packetization, and scheduling are not considered (e.g., URLLC resources are pre-allocated for a UE) in the latency requirement and maximum allowed latency is defined as hard upper bound for the worst case
· Evaluation methodology: check packet error rate (or BLER) of [X] bytes transmission by LLS under pre-allocated resources and pre-defined channel condition
· Option 2: The additional delays are considered in latency requirement and maximum allowed latency is defined as hard upper bound for the worst case

· Evaluation methodology: check outage probability of [X] bytes transmission under given latency constraint by SLS
· Option 3: The additional delays are considered in latency requirement and the latency is defined as maximum average value but together with maximum standard deviation (ex. 95-percentile of URLLC latency is less than 1ms, which is a little looser than in Case 2)
· Evaluation methodology: check outage probability of [X] bytes transmission under given latency constraint by SLS
 Proposal 1: The reliability described in TR38.913 [3] needs to be clarified to define evaluation methodology for URLLC.
2.2 Physical layer aspects to support URLLC

To support higher reliability and/or lower latency in 5G new radio interface, the followings shall be considered:

Frame structure
To meet the URLLC user plane latency requirement of 0.5ms for UL and DL, introduction of short TTI less than 0.5ms may be essential. In viewpoint of multiplexing with other verticals within single framework, we can think two operational scenarios; one is to support different length of TTIs for different verticals, and the other is to define a single short TTI and apply TTI aggregation for other verticals. Further study is necessary to know which is better. Since control channel should be more reliable than data channel, new control channel design for URLLC may also be necessary. Further design considerations for frame structure and vertical service multiplexing can be found in our companion contributions [6][7] and [8], respectively.
Proposal 2: URLLC shall be supported by TTI length shorter than or equal to 0.5ms.
HARQ

To adopt HARQ for ultra-reliability, feedback signaling of ACK/NACK and UL/DL transition should be introduced within ‘1ms’ as described in Section 2.1, which will be a little big overhead especially in TDD. The reliability of feedback signaling shall also be considered. Since no HARQ can help to reduce user plane latency as shown in [4] and can be more overhead efficient as ACK/NACK signaling and UL/DL transition are not necessary, one shot transmission with strongly encoded TB (transport block) to achieve 10-5 BLER may be a good solution to support ultra-reliability. It may also be helpful for coexistence with other verticals having different TTI lengths.
Proposal 3: For overhead reduction and simple coexistence with other vertical services, the necessity of HARQ support for URLLC needs to be studied.
Uplink Access

As mentioned in Section 2.1, the ‘1ms’ latency included in the reliability of KPI is not clearly defined yet. Although it comes from pre-scheduling assumption, how to efficiently reserve URLLC resources is an important issue in viewpoint of vertical service multiplexing. On the other hand, if the ‘1ms’ is a typical radio access latency including scheduling request and grant for uplink access as described in [5], grant-free access schemes such as semi-persistent scheduling and contention based access need to be studied for URLLC uplink access.
Proposal 4: Grant-free uplink access schemes need to be studied to meet 1ms latency included in the reliability requirement of URLLC.

Channel Coding

To meet target URLLC reliability of 1-10-5 within 1ms, a channel coding scheme has to provide a sufficient BLER lower than or at least equal to 10-5. In addition, the channel coding should facilitate small encoding/decoding delay to fulfill the low latency requirement. Moreover, taking into account low rate transmission (e.g. at cell-edge), lower mother code rate than in LTE may be necessary to provide better performance than repetition. Overall design considerations for channel coding can be found in our companion contribution [9].
Proposal 5: The channel coding for URLLC should be able to achieve 1-10-5 reliability with small encoding/decoding delay.
Diversity

URLLC inherently demands large resources to fulfill the challenging requirements. To improve the spectral efficiency of the URLLC transmission schemes, multi-antenna transmission schemes, such as high order diversity techniques and open-loop MIMO, can be considered. As latency limitation is 1ms, it seems to be hard to get time diversity for URLLC. Instead, high order space/frequency diversity may be obtained by using large number of antennas and large bandwidth, respectively.
Proposal 6: High order space-frequency diversity techniques need to be studied for URLLC.
3 Conclusion
This contribution discussed KPIs and their performance evaluation methodologies, and physical layer design aspects to support URLLC in 5G new radio interface. The proposals are as follows:
Proposal 1: The reliability described in TR38.913 [3] needs to be clarified to define evaluation methodology for URLLC.
Proposal 2: URLLC shall be supported by TTI length shorter than or equal to 0.5ms.
Proposal 3: For overhead reduction and simple coexistence with other vertical services, the necessity of HARQ support for URLLC needs to be studied.
Proposal 4: Grant-free uplink access schemes need to be studied to meet 1ms latency included in the reliability requirement of URLLC.

Proposal 5: The channel coding for URLLC should be able to achieve 1-10-5 reliability with small encoding/decoding delay.
Proposal 6: High order space-frequency diversity techniques need to be studied for URLLC.
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