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1 Introduction

At the 3GPP TSG RAN#71 meeting, new study item (SI) description regarding the “Study on New Radio Access Technology” was approved [1]. The objective of this new study item is to develop a “New Radio (NR)” access technology which provides a broad range of vertical services such as enhanced mobile broadband (eMBB), massive machine type communications (mMTC), and ultra-reliable low-latency communications (URLLC) in a single technical framework. Among the three vertical services, this contribution discusses the design aspects of URLLC for NR.
2 Discussion
2.1 KPI requirements for URLLC
TR38.913 [2] specifies definitions of all key performance indicators (KPIs) considered for NR. Among them, main KPIs related to URLLC are user plane latency, reliability, and control plane latency. Detailed descriptions of the three KPIs are shown in the Table 1 as follows:
Table 1: KPIs related to URLLC

	KPI
	Descriptions

	User plane latency
	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.

For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.

NOTE1:
The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.

	Reliability
	Reliability can be evaluated by the success probability of transmitting X bytes NOTE1 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).

The target for reliability should be 1-10-5 within 1ms.

NOTE1: Specific value for X is FFS.

	Control plane latency
	Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).

The target for control plane latency should be 10ms.


Detailed discussions on the main KPIs and their evaluation methodologies for URLLC are described in our companion contribution [3].

2.2 Design aspects of URLLC for NR
To support higher reliability and/or lower latency in 5G new radio interface, the following aspects can 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 seems to be essential since user plane latency is mainly described as a function of TTI (See Annex B.2 in TR36.912 [4]). 
A technical framework for vertical service multiplexing is discussed in a companion contribution [5], in which it is proposed to study a framework to support UE operations based on a single subcarrier numerology. Under such a framework, we can think of two operational scenarios; one is to support different length of TTIs for different verticals, and the other is to define a single short TTI for URLLC and apply TTI aggregation for other verticals. As it is expected that NR will support different subcarrier numerologies in below and above 6 carrier frequencies, both of these scenarios may need to be supported 

Since control channel should be more reliable than data channel, study on mechanisms to ensure control channel reliability for URLLC is also necessary. In RS (Reference signal) design for URLLC, processing delay and channel estimation performance should also be taken into account. 
Further design considerations for frame structure and vertical service multiplexing can be found in our companion contributions [5] and [6], respectively.
Observation 1: URLLC shall be supported by TTI length shorter than or equal to 0.5ms.
Proposal 1: Study multi-TTI operation methodologies for efficient support of different verticals including URLLC and eMBB.
Proposal 2: Study mechanisms to ensure control channel reliability for URLLC.
HARQ

HARQ in LTE systems provides multiple benefits to the system operation and the performance.  HARQ can be used for eNB’s link adaptation, and also Chase-combining and incremental-redundancy HARQ provides a good tradeoff for transmission reliability and throughput. Hence, it seems natural to continue supporting HARQ in NR. 

However, as TR38.912 [4] has shown that no HARQ can help to reduce user plane latency and is more overhead efficient (as no A/N, no DL/UL transitions), the pros and cons of HARQ support for URLLC needs to be carefully evaluated before concluding the support. Some challenges to support HARQ for the URLLC have been identified: 

· Feedback signaling of ACK/NACK and UL/DL transition should be introduced within ‘1ms’ as described in Table 1, which increases overhead especially in TDD. 
· The reliability of the ACK/NACK feedback signaling should be better than data channels, which seem to be quite challenging under limited ACK/NACK feedback resources. 
Given the analysis above, one shot transmission with strongly encoded TB (transport block) to achieve BLER below 10-5 seems to be a good solution to meet target requirement of the reliability KPI. It may also be helpful for coexistence with other verticals having different TTI lengths. However, since there exists trade-off between reliability and spectral efficiency, it is necessary to quantify merits of HARQ support for URLLC.
Proposal 3: Study necessity of HARQ support for URLLC.
Uplink Access

Although the ‘1ms’ latency described in the reliability seems to come from pre-scheduling assumption, how to efficiently reserve URLLC resources is an important issue in viewpoint of overall system performance under the environment such that several vertical services are multiplexed. In addition, it is noted that an additional metric is introduced for performance evaluation such as a typical radio access latency including scheduling request and grant for uplink access as described in TR 36.881 [7], to reflect more practical situations. Hence, it is proposed to study pre-scheduling and contention-based grant-free uplink access for URLLC.

Proposal 4: Study pre-scheduling and contention-based grant-free uplink access for 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.

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 reliability requirement. To improve the spectral efficiency of the URLLC transmission schemes, we have to consider some techniques that can achieve high order diversity. Since latency limitation is 1ms, it seems to be hard to get time diversity for URLLC. Instead, space/frequency diversity may be obtained by using large number of antennas and large bandwidth, respectively. Since low coding rate is likely to be used for URLLC, diversity schemes such as precoder cycling in frequency domain can be considered.
Proposal 6: Study space-frequency diversity schemes, e. g., precoder cycling in frequency domain,  for URLLC.

3 Conclusion
This contribution discussed physical layer design aspects to support URLLC in 5G new radio interface. The observation and proposals are as follows:
Observation 1: URLLC shall be supported by TTI length shorter than or equal to 0.5ms.
Proposal 1: Study multi-TTI operation methodologies for efficient support of different verticals including URLLC and eMBB.

Proposal 2: Study mechanisms to ensure control channel reliability for URLLC.
Proposal 3: Study necessity of HARQ support for URLLC.
Proposal 4: Study pre-scheduling and contention-based grant-free uplink access for URLLC.

Proposal 5: The channel coding for URLLC should be able to achieve 1-10-5 reliability with small encoding/decoding delay.
Proposal 6: Study space-frequency diversity schemes, e. g., precoder cycling in frequency domain,  for URLLC.
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