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1 Introduction

According to the SID for new RAT [1], URLLC (Ultra reliable and low latency communications) is one of the targeted applications as follow.
	(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 


In this contribution, we provide our overall views on URLLC data transmission in new RAT.
2 Discussion
The target of URLLC is to support high reliable and low latency applications. In our companion contribution [2], usage scenarios and traffic types of URLLC are discussed. According to the discussion, URLLC design should be flexible to support diverse applications including different traffic rates and latency requirements. Therefore, schemes to reduce latency and enhance reliability targeting various requirements should be studied in new RAT.
Another companion contribution on URLLC handling [3] proposes mini-subframe concept to support low latency applications. The length of mini-subframe needs to be smaller than 0.2 msec and it would be ~2 symbols with 15 kHz subcarrier spacing and ~7 symbols with 60 kHz subcarrier spacing. This mini-subframe length becomes TTI length for URLLC data transmission.
In multiplexing of URLLC and eMBB usage scenario in a NR carrier, the concept of short TTI in WI ‘Shortened TTI and processing time for LTE’ can be generally reused. In other words, short TTI (mini-subframe) can coexist with long TTI (subframe). Also, it could be beneficial to have commonality between LTE TTI shortening and new RAT low latency at least from the perspective of hardware requirement, and basic principle. 

This contribution discusses overall design considerations for URLLC data scheduling for both uplink and downlink, also it briefly discusses RACH procedure support for URLLC applications. 

2.1 URLLC control and data transmission

In this sub-section, we discuss how to transmit URLLC control and data channel within reduced TTI.
· Downlink 
Though in many URLLC application, packet size can be small, and the number of users can be limited, employing control channel can be still beneficial in terms of flexible resource allocation, dynamic MCS adaption, and applying feedback based adaptation. Thus, we consider that URLLC data is also scheduled with control, though periodic data can be scheduled via SPS operation to minimize the overhead and latency. 

As agreed in RAN1#85 [4], to enable low latency, it is desirable to place DMRS in the first part of data transmission, and also it is desirable to finish control channel decoding before the end of first code block transmission such that data decoding can start immediately without additional latency from control channel decoding. In that sense, TDM transmission between control and data seems more natural choice compared to FDM for URLLC. However, it is noted that certain applications may require “higher” reliability with reasonable latency requirement. For such application, enhancing control channel reliability via FDM (by localized transmission) is still considerable.

When TDM between PDCCH and PDSCH is applied, the OFDM symbol number for PDCCH needs to be changed dynamically to reduce unnecessary resource waste and maximize data resource. Common control signalling overhead to indicate PDCCH OFDM symbol number such as PCFICH would be burden especially for above 6 GHz considering analog beamforming is applied. So blind detection of PDCCH using all possible OFDM symbol numbers would be necessary. To reduce blind decoding complexity of PDCCH without information of OFDM symbol region, resources composing a decoding candidate can be allocated within an OFDM symbol. Also, since a UE may not know the accurate PDCCH OFDM symbol number even if it succeed to decoding PDCCH, starting OFDM symbol location of data can be indicated by DCI.
To allow multiplexing eMBB and URLLC in eMBB-URLLC shared carrier, both TDM and FDM approach can be considered. In case URLLC traffic may not occur so often, it is also considerable to allow URLLC data to pre-empt eMBB DL transmission (i.e., puncture eMBB transmission). Detailed discussion about eMBB and URLLC multiplexing is handled in our companion contribution [3].
Proposal 1: New RAT supports that dynamic scheduling based data scheduling and SPS based data scheduling for URLLC.
Proposal 2: When dynamic scheduling is used, TDM of PDCCH and related PDSCH is considered for URLLC.
· Uplink

First, we discuss what functionalities should be supported for URLLC applications as the follows.
· HARQ-ACK feedback
As HARQ-ACK can offer high reliability without imposing too high reliability in each channel via retransmission, and also offer combining gain, etc [2, 5], our view is that URLLC should be designed to meet the latency and reliability by employing HARQ-ACK procedure. Though there could be some cases where latency target is too tight to employ HARQ-ACK process where HARQ-ACK transmission can be disabled, as a baseline, we consider HARQ procedure should be supported.
· SRS/CSI feedback

It could be beneficial at least for high reliability applications. For this, common CSI framework with eMBB can be considered.
· SR/PRACH

To achieve low latency, the latency of SR (or equivalent functionality) is very critical. Techniques considered in LTE such as UL skipping, frequent SR resource, contention based transmission are considerable for new RAT design as well.
Depending on use cases, URLLC uplink traffic can be triggered periodically or aperiodically. 
For periodically triggered uplink traffic, SPS-like transmission would be beneficial considering control overhead and scheduling latency. In eMBB-URLLC shared carrier, semi-static configuration of uplink resource by puncturing eMBB downlink resource as discussed in [3].
Scheduling based uplink data transmission also needs to be supported. As reserving URLLC UL resource semi-statically leads inefficient resource usage, other schemes such as dynamic adaptation of URLLC uplink resource portions, DL/UL FDM in a band, and symbol-level TDM between DL and UL [3] should be also considered.
Proposal 3: HARQ-ACK procedure and feedback need to be supported for URLLC applications.

Proposal 4: Periodic and aperiodic transmission of uplink traffic are considered for URLLC.
Proposal 5: For aperiodic transmission or URLLC, low latency SR (or equivalent functionality) should be supported in new RAT.

Proposal 6: For periodic transmission of URLLC, SPS (or equivalent functionality) should be supported in new RAT.
In each supported functionality and channel, to meet the reliability requirement, necessary enhancement should be further investigated. We discuss some candidate mechanisms in below. 

2.2 Reliability enhancement schemes
Reliability enhancement of control and data is one of the main target of URLLC. We discuss several schemes to transmit control and data channel more reliably.
At first, PSD boosting by muting a part of resources can be considered. In this scheme, transmission power spectral density can be increased by muting a part of frequency resource within control/data transmission resource as illustrated in Figure 1. For example, resource for zero-power transmission can be defined PRB or PRB group level and is not used for control/data transmission. PSD boosting leads channel estimation performance gain by narrowing frequency resources and boosting RS transmission power especially in frequency-selective channel. If subcarrier spacing is increased for URLLC, frequency-selective channel problem seems be more significant and the benefit from PSD boosting would be more effective. 
In addition to muting and PSD boosting, interference coordination among cells can help reliable transmission of URLLC control and data additionally. To reduce interference level from neighbour cells, zero-power transmission resource can be coordinated among cells and resources used for control/data transmission can be protected from interference. 
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Figure 1. An example of PSD boosting
Another considerable approach to enhance reliability is transmitting control/data channel using multiple analog beam directions. In above 6 GHz spectrum region, analog beamforming can be applied for better coverage/efficiency. However, it can cause performance loss when analog beam direction is not tracked accurately. If control/data channel is not transmitted in accurate analog beam direction, it would be critical issue for low latency applications. As a provision for this problem, transmitting control/data signal using multiple analog beam directions can be investigated. It would require more time to transmit signal since same signal should be transmitted using multiple beam directions, but successful reception of signal at initial transmission is also important point to reduce latency.
Proposal 7: Schemes to enhance URLLC reliability are further investigated such as PSD boosting, ICIC, and transmission with multiple analog beam directions.
2.3 RACH procedure for URLLC

For certain URLLC applications where traffic can occur infrequently, RACH procedure (or equivalent functionality) may need to be triggered for uplink synchronization (which can be combined with SR). Thus, fast RACH procedure could be necessary for URLLC applications. One approach is to maintain different PRACH resource pool which can initiate different RACH procedure between different usage scenarios for example between URLLC and eMBB. Further investigation on RACH procedure for URLLC is also necessary. 

Proposal 8: Further investigation on RACH procedure support for URLLC is necessary. 
3 Conclusion 

In this contribution, we discuss about URLLC transmission with latency reduction and reliability enhancement. Based on the discussion, we obtained following proposals.
Proposal 1: New RAT supports that dynamic scheduling based data scheduling and SPS based data scheduling for URLLC.

Proposal 2: When dynamic scheduling is used, TDM of PDCCH and related PDSCH is considered for URLLC.
Proposal 3: HARQ-ACK procedure and feedback need to be supported for URLLC applications.

Proposal 4: Periodic and aperiodic transmission of uplink traffic are considered for URLLC.

Proposal 5: For aperiodic transmission or URLLC, low latency SR (or equivalent functionality) should be supported in new RAT.

Proposal 6: For periodic transmission of URLLC, SPS (or equivalent functionality) should be supported in new RAT.
Proposal 7: Schemes to enhance URLLC reliability are further investigated such as PSD boosting, ICIC, and transmission with multiple analog beam directions.
Proposal 8: Further investigation on RACH procedure support for URLLC is necessary. 
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