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1 Introduction

In last RAN1#86, the following agreement on dynamic TDD for new ratio (NR) was made [1]: 

Agreements:
· NR should support at least following design targets: 

· It should allow FDD operation on a paired spectrum 

· It should allow different transmission directions in either part of a paired spectrum
· It should allow TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changing
· It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing
· FFS: It should allow support of full duplex in a forward compatible way

· Note: transmission directions include all of downlink, uplink, sidelink, and backhaul link 
· Note that additional discussion is needed about the timing to support above targets, particulally the second sub-bullet

· Note that some design targets may or may not be transparent to UE
In dynamic TDD operation, the transmission direction of time resources can be dynamically changed. This contribution considers the aspects of latency reduction in this dynamic TDD operation. 
2 Latency reduction aspects
There could be following options for latency reduction in unpaired spectrum: 
· TTI shortening with increasing subcarrier spacing or decreasing the number of OFDM symbol per TTI
· Grant-free for uplink
· Latency-friendly frame structure design (in order to reduce frame alignment time)
· Adding mixed slot
· Applying dynamic TDD 
Here, mixed slot has two fields (DL part and UL part) or three fields (DL part, GP, and UL part) like special subframe in LTE. Dynamic TDD is to apply slot-based dynamic adaptation for transmission direction of time resource. Among the above alternatives, our discussion is focused on latency-friendly frame design. A straightforward and trivial way based on latency-friendly frame design to support low latency service for the fixed slot duration may be to apply mixed slot to all slots. In this case, we can adjust the DL/UL ratio for each slot using dynamic or semi-static signaling to improve the spectral efficiency of the system. However, we cannot avoid the increased overhead caused by GP assigned for every slots and the unused DL/UL resource due to no DL/UL data to transmit at a certain slot. The second method is to introduce several mixed slots in each frame while semi-statically assigning DL/UL transmission directions. The number of mixed slots depends on the latency requirement, slot duration and so on. In this case, dynamic TDD can help to increase system throughput as in the previous frame structure. The third method is to apply slot-based dynamic adaptation. In the case of employing dynamic TDD with the same criterion for UL/DL assignment as LTE in which the basic criterion was DL/UL traffic ratio, we can improve user packet throughput. However, it is not always to satisfy the low latency requirement. Note that there is a trade-off between the absolute latency reduction and user packet throughput.  
Proposal 1: Study which frame structure design options will be taken for the coexistence of URLLC and eMBB services. 
3 Dynamic TDD for low latency
In this section, we focus on dynamic TDD using slot-based signalling. In NR, different service multiplexing scenarios should be supported including coexistence of eMBB and URLLC services. For that reason, we should study how to support low latency service while keeping the spectral efficiency in TDD system. To achieve this goal in coexistence of eMBB and URLLC, we can take into account the following strategy:   
· When there is no URLLC packet, the transmission direction or DL/UL configuration is decided to maximize average user packet throughput for eMBB UEs. 
· When URLLC packet arrives, URLLC service is supported with higher priority than eMBB. 
Slot-based dynamic TTD can make this strategy to be more realistic. Figure 1 shows a case of potential DL/UL configuration when slot-based dynamic TDD is applied. Here, arrows (
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/) represent arrival time of DL URLLC packets and these arrival packets should be transmitted in dotted slots to satisfy the latency requirement. It is assumed that we need one TTI (slot) for transmission processing, and the URLLC packet should transmitted within three slots after arrival. 
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Figure 1. Potential DL/UL configuration when slot-based dynamic TDD is applied

As shown in the Figure 1 when the transmission direction is assigned with dynamic signaling, we are not always able to transmit the URLLC packet within required time because of predetermination of slot type considering UE processing time, timing advance and so on. 

Observation1: Sequential dynamic indication of transmission direction can be not sufficient to support vertical services.
Figure 2 shows one possible method to deal with the latency problem caused by the preassigned transmission direction. When the URLLC packet arrives, the slot type predetermined and assigned at the (n-4)th slot can be changed by the downlink control sent in the (n-2)th DL slot. This method will be noted as the low-latency mode. In this case, the UE received UL grant at the (n-4)th slot is not supposed to send uplink signal because the UE can bring about the severe inter-user interference. We need to study how to indicate a signal to the UL grant UE to disregard the previous UL grant and what should be sent to support the UE.
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Figure 2. Reassignment of transmission direction to support latency service
On the low-latency mode of dynamic TDD system for DL URLLC packet, we could take into account another option changing all UL slot to mixed slot. The option can be applied when there is the urgent ACK/NACK information, or UL URLLC resource is assigned in the slot.
Proposal 2: Further study is needed to solve the latency problem caused by preassigned subframe type when the transmission direction is dynamically assigned. 

4 Conclusions

In this contribution, we discuss dynamic operation reducing frame alignment time for low latency service. Based on the analysis, following observation and proposals are made:
Observation1: Sequential dynamic indication of transmission direction can be not sufficient to support vertical services.
Proposal 1: Study which frame structure design options will be taken for the coexistence of URLLC and eMBB services. 
Proposal 2: Further study is needed to solve the latency problem caused by preassigned subframe type when the transmission direction is dynamically assigned. 
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