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Introduction
[bookmark: _Ref129681832]In the RAN1#86 and #86bis meeting, frame structure for new radio (NR) was discussed and the following agreements related to TDD operation were achieved [1][2]:
•  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
Moreover, in the RAN1#87, further agreement is as follows [3]:
•  NR should support dynamically assigned DL and UL transmission directions at least for data on a  per-slot basis at least in a TDM manner
– FFS control signaling details (e.g. switching between dynamic and semi-static operation, etc.)
•   For adjacent channel/band operation of NR and LTE in the unpaired spectrum
– Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration. 
– This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification
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). Semi-static operation (i.e. semi-static indication for subframe type) will facilitate coordination among different gNBs/vendors/operators to reduce cross-link interference among different gNBs. 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 utilization for this scenario. 
Although the TDD operation (Semi-static TDD or Dynamic TDD) may be predetermined according to the deployment, there still exist use cases for switching between semi-static and dynamic operation. The coverage/interference/traffic load of a given cell may change due to the changes of the deployment or the co-existed radio access techniques (e.g. NR and/or LTE). For example, when additional gNB with NR access techniques is deployed nearby or the configuration of co-existed eNB with LTE access techniques is changed, the configuration of TDD operation may need to be changed accordingly. In order to enable the flexibility of the configuration, configurable semi-static and dynamic operation should be supported. 
Observation 1: There exist two cases for TDD operation,
· Semi-static operation 
· Dynamic operation
Proposal 1: Configurable semi-static and dynamic operation should be supported.
Support of semi-static and dynamic operation 
A predefined DL/UL configuration will reduce much cost for negotiations between different operators while guaranteeing their network performance for NR. The predefined configuration can be designed by referring the existed configurations of LTE. An example is shown in Fig. 1, which has the same DL and UL ratio as the broadly used configuration 2 in LTE. Moreover, further modification is not precluded (i.e. the GP location and duration can be further modified to enable the co-existence). Note that the predefined configuration for NR may not be the same as LTE, in order to retain the benefit from new subframe/slot types (e.g. short HARQ timing, fast sounding transmission). 
On the other hand, to support the UL/DL configuration flexibility and facilitate the coexistence of NR-NR and NR-LTE, 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 and/or OTA signaling if any. 
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 [4]. 
Both of semi-static and dynamic operation should share a common design for HARQ timing scheme. Therefore, there may have multiple set of HARQ timing to be configured by RRC signaling. A specific value of timing will be indicated by DCI dynamically. The proposed HARQ timing scheme is shown in our companion contribution [5]. 
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[bookmark: _Ref461107890]Fig. 1. One example of a predefined DL/UL configuration
Proposal 2: A predefined DL/UL configuration should be supported for NR regarding the benefit from frame structures of NR. Other DL/UL configurations can be indicated by high layer signaling.
Proposal 3: A unified design for HARQ/scheduling timing should be considered regardless semi-static and dynamic operation.
Configurable semi-static operation and dynamic operation
Based on the discussion in Section 2.1, the configuration for TDD operation is needed, since there may be a switching between semi-static operation and dynamic operation as shown in Fig. 2. 
The broadcast signaling from high-layer (e.g. system information) is preferred for the configuration of semi-static operation or dynamic operation. Firstly, the switching is a cell-specific behavior. Secondly, the time-granularity of switching (from the dynamic operation to the semi-static operation, or from the semi-static operation to the dynamic operation) will be relatively large since the changes of the deployment or the co-existed radio access techniques (e.g. NR and/or LTE) do not occur frequently. Moreover, the system information has been used for the TDD configuration referred to LTE (i.e. DL/UL configuration is indicated by SIB1). Therefore, system information can be a candidate, if there is no other signaling which  achieves better performance. 
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[bookmark: _Ref461482698]Fig. 2. Semi-static operation and dynamic operation switching.
Proposal 4: High layer signaling can be used to indicate the configuration of semi-static operation or dynamic operation, e.g. system information.
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 switching between semi-static operation and dynamic operation. Based on the discussion, we have the following observations and proposals:
Observation 1: There exist two cases for TDD operation,
· Semi-static operation 
· Dynamic operation
Proposal 1: Configurable semi-static and dynamic operation should be supported.
Proposal 2: A predefined DL/UL configuration should be supported for NR regarding the benefit from frame structures of NR. Other DL/UL configurations can be indicated by high layer signaling.
Proposal 3: A unified design for HARQ/scheduling timing should be considered regardless semi-static and dynamic operation.
Proposal 4: High layer signaling can be used to indicate the configuration of semi-static operation or dynamic operation, e.g. system information.
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