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1 Introduction

It was agreed in RAN1#86bis meeting that dynamic TDD and flexible duplex should be studied from the below aspects.
Conclusion:

· Continue study considering some or all of the following aspects:

· Deployment scenarios/bands, same-/cross-operator considerations

· Resource assignments and rate adaptations

· Frame structure and HARQ/scheduling timing

· Measurements for cross-link interference management

· Signalling (e.g., OTA, backhaul, UE capability, etc.)

· Cross-link interference management (IC/IS, power control, etc.)

· Centralized vs. distributed interference/resource management

· Beamforming/MIMO

· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)

· Latency reduction

· Whether or not LTE interference/resource management can be used as a starting point (as applicable)

· Sensing

· RS design

· Advanced receiver

· Timing alignment between DL and UL 

This contribution mainly discusses how to implement duplex. Besides, the corresponding scheduling and HARQ influence are also discussed.
2 Potential schemes for dynamic TDD and related signalling
2.1 Two step scheme for dynamic TDD
The mechanisms for dynamic TDD are a promising way for efficient spectrum utilization which can flexibly match the instantaneous traffic variation. Therefore for NR, to better exploit the traffic variations, the direction of a more dynamic assignment of uplink/downlink resources should be supported. 
How to enable dynamic TDD is the first aspect to be addressed. A Two-step scheme can be considered to implement dynamic TDD. The mechanism includes the following two steps: 
· Step 1: to configure a longer time interval (e.g. normal subframe/slot, multiple slots) and several shorter time interval (e.g. mini-slot, one slot) within the longer time interval.
· Step 2: semi-static TDD operation with the time scale of the longer time interval and dynamic TDD operation with the time scale of the shorter time interval.
The transmission directions of the resources in the shorter time interval can be determined based on the priority and load of the UL/DL traffic and combined with the interference level. Through using the two-step scheme, the impact of cross-link interference on the control channel can be minimized if the control channel position is fixed or semi-static configured.
Proposal 1: A two-step scheme can be considered to minimize the impact of cross-link interference.
2.2 The signaling for dynamic TDD
The time-frequency resources can be flexibly allocated among all transmission directions for dynamic TDD. After the transmission direction is determined, the gNB should inform the UE of data transmission. Therefore, some signalling should be considered for implementing dynamic TDD. The gNB can notify the UE of the transmission directions using one of the options below:
· Option 1: Indicating the transmission direction implicitly
The UE simply follows the scheduling assignments and grants received from the scheduler to know which slot is downlink and which slot is uplink. If a downlink assignment is received for a certain time interval, then the UE receives and processes the downlink data according to the timing indication. Similarly, if an uplink grant is received, instructing the UE to transmit in a certain time interval, then the UE does so.
For this option, the overhead of signalling can be reduced. However, the complexity of blind detection DCI is very high that UE may also do DCI detection on the UL slot where it does not scheduled. Besides, there could be some problems with CSI measurements that should be considered. Such as for the slots where the UE is not scheduled downlink data of this UE, this UE does not know this is a downlink slot, so it cannot measure the channel.  Furthermore, it is hard to do average the interference of multiple slots, and then the CSI report is not accurate.
· Option 2: Indicating the transmission direction explicitly
In this option, the subframe/slot type of each subframe in a radio frame is configured by the network, either by L1 signaling or by RRC signaling. A common DCI should be considered for transmitting to the UE the slot configuration.
Furthermore, some configuration pattern can be predefined to reduce the overhead. Otherwise, a slot group size and some DL:UL ratio can be configured by RRC signaling and gNB would only indicate the ratio index.
Proposal 2: A common DCI should be design for signaling the dynamic TDD configuration.
3 Scheduling and resource assignment
3.1 Resource usage and assignment
For better utilization of flexible resources, NR should support the mechanism to maximize the resources that can be used flexibly. Meanwhile, the interference environment of the TDD system in NR can be more dynamic than LTE considering frequency reuse among the cells of dynamic TDD and the dynamic multiplexing of subframes/slots/mini-slots of various numerologies. This imposes new requirements and challenges on resource assignment.
Note that resource assignment can be designed in conjunction with interference handling. In other words, resource assignment proactively controls interference or proper resource assignment prevents strong interference. Therefore, resource assignment schemes should allocate radio resources to the UEs with the aim of achieving a desirable interference. Based on the allocated resource, interference presented in each radio link can be handled by interference handling schemes. 
That is to say, resource assignment for each slot of a link needs to consider interference conditions at both DL and UL directions. If the interference is high, the transmission direction can be adjusted to the opposite one (e.g. DL-UL to UL-DL). Otherwise, the gNB can occupy the resource that is primarily assigned for the other radio links and send the adjustment information to the UE. 

Proposal 3: Resource assignment for each slot of a link needs to consider interference conditions.
3.2 Scheduling adjustment / HARQ 
If the transmission directions of some resources are dynamically changed, e.g. for some latency requirement of some service, then it will have some influence on scheduling and HARQ timing. Figure 1 shows an example of a potential DL/UL configuration and reassignment when slot-based dynamic TDD is applied. In slot 0, gNB send a DCI to schedule a UL data in slot 4. However, in slot 2, a higher priority DL data needs to be sent with lower latency requirement. Therefore, the gNB can send a DCI in slot 2 to change slot 4 from UL to DL to transmit the data.
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Figure 1: Reassignment of transmission direction to support latency service
After the UE received the DCI in slot 2, for the previous UL data scheduled in slot 4, the following candidate methods can be considered for the UE.

· Alt 1: the grant of the data will be given up and the data will be dropped.
· Alt 2: the data can be transmitted on the other resource. The UE will blind detect the DCI indication of the adjustment of the transmission in another slot or another frequency position.
· Alt 3: the data can be transmitted in some reserved resources for UL.
It has been agreed that the HARQ timing between data transmission and corresponding ACK/NACK can be indicated explicitly. Furthermore, it has been agreed that the scheduling timing between UL grant and UL data can also be indicated explicitly. It is also allowed to have explicit and flexible indication for the scheduling timing DL grant and DL data. Therefore, the design of HARQ/scheduling timing shall efficiently support the dynamic TDD operation.  
Therefore, with a proper design of subframe/slot type and HARQ/scheduling timing, it is possible to avoid cross-link interference on control channels if the control channel position is fixed or semi-static configured.                                                   
Proposal 4: Further study is needed to solve the HARQ/scheduling timing problem caused by the reassignment of the slot type when the transmission direction is dynamically assigned. 

4 Conclusion
In this contribution, design aspect of dynamic TDD is discussed. The main proposals are summarized as follows.
Proposal 1: A two-step scheme can be considered to minimize the impact of cross-link interference.
Proposal 2: A common DCI should be design for signaling the dynamic TDD configuration.
Proposal 3: Resource assignment for each slot of a link needs to consider interference conditions.
Proposal 4: Further study is needed to solve the HARQ/scheduling timing problem caused by the reassignment of the slot type when the transmission direction is dynamically assigned. 
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