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Introduction
[bookmark: _Ref129681832]In the RAN1#86 meeting, frame structure for new radio (NR) was discussed and the following agreements related to TDD operation were achieved [1]:
• Unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X
– Indication to the UE may include
· Dynamic L1 signaling
· RRC configuration
· Broadcast signaling
· …
• NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation
– The assigned DL/UL transmission direction can be signaled to UE by higher layer signaling
In this contribution, TDD operation mechanisms are discussed especially for efficient deployments. Firstly use cases and key technical points for semi-static and dynamic operations are discussed, and then the adaptive switching between semi-static operation and dynamic operation is discussed. 
Discussion
Use cases for semi-static and dynamic operations
NR should support semi-static operation, at least for macro deployment scenario (i.e. mainly deployed below 6GHz). Since the cross-link interference among different gNBs is a critical issue, semi-static operation (i.e. semi-static indication for subframe type) will facilitate coordination among different gNBs/vendors/operators to reduce interference. It is also sufficient from traffic adaptation perspective considering the average UL/DL traffic load ratio may not change dynamically. 
On the other hand, NR should also support dynamic operation, at least for small cell deployment scenarios (e.g. for hotspot). In such case, the interference signal from other gNB suffers higher attenuation due to the isolated cells and higher frequency (i.e. mainly deployed above 6GHz). Moreover, the DL/UL traffic ratio may also varies dynamically due to relatively small number of served UEs. Dynamic operation will exploit high spectrum efficiency for this scenario. 
Although the deployment may determine the TDD operation, there still exist use cases for adaptive switching between semi-static and dynamic operation. The coverage/interference/traffic load of a given cell may change due to the number of served UEs or co-existence of multiple radio access techniques (i.e.  multi-beam or single-beam). For example, when the cross-link interference is hard to be coordinated or mitigated among inter-gNB, the dynamic operation may fallback to semi-static operation to guarantee the system performance. 
Observation 1: There exist three cases for TDD operation,
· Semi-static operation 
· Dynamic operation
· Adaptive switching between semi-static and dynamic operation
Support of semi-static and dynamic operation 
[bookmark: _GoBack]A predefined DL/UL configuration will reduce much cost for negotiations between different operators while guaranteeing their network performance. In LTE, 7 DL/UL configurations are defined, but the DL/UL configuration 2 is broadly used due to it well matches the traffic load. Therefore, the predefined configuration in NR can be designed based on the configuration 2. An example is shown in Fig. 1. Moreover, further modification is not precluded to facilitate the coexistence of NR-NR and NR-LTE (i.e. the GP location and duration can be further modified to enable the co-existence). On the other hand, to support the UL/DL configuration flexibility, especially for the deployment within one operator/vendor by assuming that the cross-link interference can be coordinated well, more DL/UL configurations can be flexibly supported with RRC signaling, and the UL/DL configuration coordination among gNBs can be achieved through X2 interface. 
For dynamic operation, fixed DL resources are still required for dynamic TDD which is used to transmit multiple essential signals, e.g. MIB transmission, synchronization signal and/or reference signals. Typically, the fixed DL resources may occupy one subframe or several OFDM symbols. The occupied resources should be minimized to leave as much resources as possible for flexible utilization. An indication for the “direction” (uplink or downlink) of a subframe can be signaled in the same subframe or in earlier subframe(s). The details for dynamic operation will be discussed in our companion contribution [2]. 


[bookmark: _Ref461107890]Fig. 1. One example of a predefined DL/UL configuration
Proposal 1: A predefined DL/UL configuration should be supported, and other UL/DL configurations can be indicated by high layer signaling. 
Adaptive switching between semi-static operation and dynamic operation
Based on the discussion in Section 2.1, the adaptive switching between semi-static operation and dynamic operation should be allowed, as shown in Fig. 2. Dynamic operation will achieve much higher spectrum efficiency since it may match the traffic well. gNB may start from the semi-static operation or gNB operates with a semi-static manner as a basic framework, then the gNB can monitor the interference around itself. Based on the detected interference level and/or signaling from X2 interface, it can determine the switching. For example, when the interference level is lower than a threshold, gNB will decide to operate in the dynamic operation, otherwise, it will fall-back to the semi-static operation when the interference level is higher than a threshold. How to efficiently avoid ping-pong effect, the metric of the measured interference and the threshold value should be for further studied. 


[bookmark: _Ref461482698]Fig. 2. Semi-static operation and dynamic operation switching.
Proposal 2: gNB can switch between semi-static operation and dynamic operation,
· Dynamic operation can fall back to semi-static operation for interference mitigation.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, several aspects of TDD operation are discussed especially for efficient deployments, specifically focuses on the dynamic and semi-static TDD operation, and adaptive switch between semi-static operation and dynamic operation. Based on the discussion, we have the following observations and proposals:
Observation 1: There exist three cases for TDD operation,
· Semi-static operation 
· Dynamic operation
· Adaptive switching between semi-static and dynamic operation
Proposal 1: A predefined DL/UL configuration should be supported, and other UL/DL configurations can be indicated by high layer signaling. 
Proposal 2: gNB can switch between semi-static operation and dynamic operation,
· Dynamic operation can fall back to semi-static operation for interference mitigation.
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