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Introduction
[bookmark: _Ref129681832]In the RAN1, the following agreements for new radio (NR) were achieved [1] [2]:
•   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
•  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. 
Furthermore, NR Ad Hoc meeting, further agreements are as follows [3]:
•	NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure.
•	NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum  
•   NR supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum.
      – The above bullets does not necessarily imply that two or more frame structures are to be defined for           	    NR.
      – The wording “efficient” in the above two bullets does not imply exact alignment of configurations.
In this contribution, both semi-static and dynamic operations which are applicable for paired and unpaired spectrum are discussed especially for efficient deployments. Firstly use cases and key technical points for semi-static and dynamic operations are discussed, and then configurations for semi-static operation and dynamic operation are discussed respectively. 
Discussion
Use case of semi-static and dynamic operation
According to [1] [2], NR support both semi-statically assigned DL/UL transmission direction and dynamically assigned DL and UL transmission directions. Moreover, 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 gain from dynamic TDD operation will be limited due to increased cross-link interference. In this case, the operation of TDD should be changed accordingly. In order to enable the flexibility, configurable semi-static and dynamic operation should be supported as shown in Fig. 1. 
[image: ]
Fig. 1. Semi-static operation and dynamic operation switching.
Proposal 1: Configurable semi-static and dynamic operation should be supported.
Configuration of semi-static and dynamic operation 
Configuration of semi-static operation 
For semi-static operation, a predefined DL/UL configuration of NR will reduce much cost for negotiations between different NR operators while guaranteeing their network performance. The predefined configuration can be designed by referring to the existing configurations of LTE. An example is shown in Fig. 2, which has the same DL and UL ratio as the broadly used configuration 2 in LTE, in which the DL/UL configuration is {D, S, U, D, D, D, S, U, D, D}. As shown in Fig.2, the configuration is {D*, D*, U*, D*, D*, D*, D*, U*, D*, D*}, where D* represent a D-slot and U* represent a U-slot. For the D-slot, it includes both DL-only type and DL-centric type; for the U-slot, it includes both UL-only type and UL-centric type. Although the ratio between DL and UL is the same as the configure 2 in LTE, there still exist differences between those two configurations. Specifically, in slot {3,4,8,9}, the DL-dominant slot is employed instead of DL-only subframe, and in slot {7}, the UL-dominant slot is employed instead of UL-only subframe. For slot {1,6}, the DL-dominant slot is employed instead of special subframe. 
Moreover, further modification is not precluded (i.e. the GP location and duration can be further modified). However, the number of predefined DL/UL configurations for NR may depend on the requirement of operators. Generally, it should be not too many (e.g. at most one predefined configuration), since it will increase the cost of negotiations. On the other hand, for the coexistence of NR-LTE, more than one configurations of NR may be supported as mentioned in the introduction, and can be flexibly configured by RRC signaling, and the UL/DL configuration coordination among gNBs can be achieved through X2 interface if any. 
The broadcast signaling from high-layer (e.g. system information) is preferred for the DL/UL configuration of semi-static operation similar as LTE. It is applicable to indicate the predefined DL/UL configuration or flexible DL/UL configuration. Once the broadcast signaling is received, it is expected that all UEs within the serving cell know slot types of all slots within a given period (e.g. one radio frame). 
[image: ]
Fig. 2. One example of a predefined DL/UL configuration for NR
Proposal 2: A predefined DL/UL configuration should be supported for NR to facilitate the negotiations between different NR operators, 
· The slot types for downlink transmission include: DL-only type and DL-dominant slot type,
· The slot types for uplink transmission include: UL-only type and UL-dominant slot type.
Configuration of dynamic operation 
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 slot or several OFDM symbols. The occupied resources should be minimized to leave as much resources as possible for flexible utilization. The fixed DL resources can also be indicated by broadcast signaling, e.g. system information. 
Other than those fixed resources, UE may not assume the DL/UL resources within each slot, since 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. Moreover, as mentioned in the introduction, NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. A UE can be informed to decode ‘group common PDCCH’ at each slot, or only at the fixed DL resources as mentioned in [3]. 
· Option 1: Decode ‘group common PDCCH’ per slot: ‘group common PDCCH’ is used to indicate the slot type where it has been received. 
· Option 2: Decode ‘group common PDCCH’ per a group of slots: ‘group common PDCCH’ is used to indicate a batch of slot types. 
For Option 1, the transmission direction can be changed dynamically as mention in our companion contribution. On the other hand, for Alt2, higher layer signaling may be used to configure a set of candidate UL/DL configurations, and the ‘group common PDCCH’ can be used to indicate the index of the candidate UL/DL configuration at the beginning of each period of time (e.g. one radio frame). Although the Option 2 reduces the signaling overhead, the transmission direction may not be changed dynamically every slot. The detailed signaling is mentioned in our companion contribution [3].
Switching between semi-static and dynamic operations 
As mentioned above, since the broadcast signalling is used to configure both semi-static and dynamic operation, it may also be used to indicate the switching between semi-static and dynamic operations. 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. 
[bookmark: _GoBack]Proposal 3: Broadcast signaling can be used to indicate the configuration of semi-static operation or dynamic operation, e.g. system information, and switching between semi-static and dynamic operation.
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:
Proposal 1: Configurable semi-static and dynamic operation should be supported.
Proposal 2: A predefined DL/UL configuration should be supported for NR to facilitate the negotiations between different NR operators, 
· The slot types for downlink transmission include: DL-only type and DL-dominant slot type,
· The slot types for uplink transmission include: UL-only type and UL-dominant slot type.
Proposal 3: Broadcast signaling can be used to indicate the configuration of semi-static operation or dynamic operation, e.g. system information, and switching between semi-static and dynamic operation.
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