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Introduction
In RAN1#88 Meeting [1], it was agreed that:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details
and that:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB

In this contribution, we provide our views on dynamic resource sharing between URLLC and eMBB data in the DL and UL when the transmissions from URLLC overlap with resources of an ongoing/scheduled transmission for eMBB in the TDD mode.

Dynamic TDD eMBB/URLLC multiplexing 
TDD is an important operation mode for the eMBB use case. During the transmission of eMBB traffic, URLLC traffic may arrive. If the URLLC traffic is sporadic, an efficient way to achieve high spectral efficiency while minimizing the latency is preemptive transmission of URLLC traffic over eMBB transmission. The challenge is that the TDD imposes a strong constraint on the latency that is achievable if the TDD duplexing structure is strictly followed. This is shown in Figure 1 for URLLC downlink traffic. URLLC traffic arrives at the gNB for service. However, the current time slot (Slot 2) is designated as Uplink (UL). The next Downlink (DL) time slot is Slot 4. If the gNB starts transmitting URLLC traffic in Slot 4, the delay T1 will be more than 1 time slot, which may not satisfy the latency requirement for URLLC. 
To reduce the latency, the gNB may preemptively switch the duplexing direction to accommodate the URLLC traffic at the expense of disrupting the scheduled eMBB transmission in a controlled manner. Specifically, the gNB may change the duplexing direction within Slot 2 from UL to DL, transmit the URLLC traffic in the DL and change back. This is shown in the lower part of Figure 1. The latency T2 is clearly much lower than T1. 



[bookmark: _Ref470728806][bookmark: _Toc470732845]Figure 1 The latency with conventional TDD T1 and preemptive uplink switching T2.
  
Proposal 1: Consider dynamically changing the duplexing direction within the slot for the TDD operation when URLLC traffic is multiplexed with eMBB traffic. 
To optimize the system performance, we need to consider the impact of preemptively switching the duplex direction. If the gNB operates in the half-duplex mode, the preemptive switching may cause UL transmissions to fail. The gNB may send NACKs for the failed UL eMBB transmissions, and reschedule the UL eMBB transmissions. It is also possible that there are UL URLLC transmissions. In this case the gNB shall compare the QoS classes of the DL URLLC transmissions with those of the UL URLLC transmissions, and perform the preemptive duplex direction switching (that is, from UL to DL) only if the former have higher priority than the latter.
Alternatively, the gNB may reserve some radio resource allocation regions (RRARs) in a UL time slot to be exclusively used by URLLC UEs. When preemptively switching from UL to DL, the gNB should avoid these reserved RRARs. This is shown in Figure 2. It is noted that the delay T2’ may be larger than T2 in Figure 4 where RRARs are not reserved. 


[bookmark: _Ref471404109]Figure 2: The gNB avoids the reserved UL RRARs when pre-emptively switching from UL to DL.
The UE needs to be ready for DL URLLC transmission from the gNB when the gNB does preemptive TDD duplex direction switching without getting a control signal from the control channel that indicates the upcoming DL URLLC transmission. In the conventional TDD mode, a UE in an UL time slot does not monitor the DL control region. To support preemptive duplex direction switching, a UE that is not transmitting should be in the DL listening mode even in an UL time slot. The gNB may switch the duplexing direction at the mini-slot boundaries to reduce the complexity of the DCI monitoring at the UE. 
Proposal 2: NR studies mechanisms for minimizing the impact on UL transmissions resulting from dynamically changing the duplex direction in the TDD operation mode when DL URLLC traffic is multiplexed with DL eMBB traffic.

Given that NR in higher bands may need to rely on TDD mode of operation for large antenna arrays, we believe that design considerations should include mini-slots and that the co-existence of mini-slots and slots in NR is inevitable. To allow flexibility in scheduling, the concept of virtual mini slot may be adopted for the TDD mode of operation. They are called virtual mini-slots, in the sense that from the UE perspective, these mini-slots do not exist unless they are activated/configured by the network. Specifically, any virtual mini-slot can be configured to be DL or UL as shown in Figure 3. In this example, a normal slot of length 7 OFDM and virtual mini-slots with length 1 symbol are shown. From the eMBB UE perspective, the normal slot is dominantly DL or UL; however, from the URLLC UE perspective, the mini-slot could switch from UL to DL in the presence of dominantly UL normal slot. This functionality enables the high-priority, low-latency packets to be transmitted to the URLLC UE even if the current normal slot is configured as UL. 


[bookmark: _Ref478141163]Figure 3: Virtual mini-slots for TDD
Proposal 3: Mini-slot as the minimum scheduling unit in time-domain should be considered for TDD when URLLC traffic is multiplexed with eMBB traffic.

Summary
This contribution discussed dynamic resource sharing between URLLC and eMBB data in the DL and UL when the transmissions from URLLC overlap with resources of an ongoing/scheduled longer transmission for TDD. We propose the following:
Proposal 1: NR supports dynamically changing the duplexing direction within the slot for the TDD operation when URLLC traffic is multiplexed with eMBB traffic. 
Proposal 2: NR studies mechanisms for minimizing the impact on UL transmissions resulting from dynamically changing the duplex direction in the TDD operation mode when DL URLLC traffic is multiplexed with DL eMBB traffic.
Proposal 3: Mini-slot as the minimum scheduling unit in time-domain should be considered for TDD when URLLC traffic is multiplexed with eMBB traffic.
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