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1. Introduction
In RAN1#86 and RAN1#87 meetings, the following agreements regarding to TDD operation are achieved,
Agreements:
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation

· The assigned DL/UL transmission direction can be signalled to UE by higher layer signalling

Agreements:

· 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. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

Note: the applicability of the above bullets in terms of spectra is a separate discussion
Based on the above agreements, NR should support both semi-static and dynamic TDD. In this contribution, we will discuss general design principles for assignment of DL and UL for TDD operation.
2. Discussion on semi-static TDD operation
2.1 General requirements for the design of assignment of DL and UL for TDD operation 
NR TDD operation will be deployed in both small cell and macro cell. In macro coverage scenario, the following requirements should be considered for designing frame structure and TDD configuration:
1) Simplified and efficient design for essential transmission
2) Flexible configuration for supporting forward compatibility 
3) Ensure coverage requirement with reasonable overhead, including flexible guard period configuration to mitigate possible DL to UL interference caused by propagation delay 

4) Coexistence with TDD LTE operation in same band
Based on the above requirements, the specific characters for the assignment of DL and UL transmission are discussed in the following. 
2.2 Discussion on the design of the assignment of DL and UL transmission 
Fixed DL/UL resource for essential transmission
In TDD operation, in both DL and UL transmission directions at least some time resources set should be fixed or semi-static configured, to enable the reliability of essential transmission. These essential transmission at least include initial access related signals, e.g., synchronization signals, PBCH, paging, PRACH, etc. Fixed or semi-static configured DL/UL time resource for initial access related signal could help simplify and guarantee the initial access procedure. With fixed or semi-static configured DL/UL time resource for essential transmission, it would be easier to align transmission direction of these time resources on neighboring cells. Therefore, cross-link interference could be avoided on these time resources. For example, as shown in Figure 1, periodic downlink and uplink subframe are fixed or semi-static configured as 5ms periodicity, and the first subframe in the period is downlink, the last subframe in the period is uplink. Cell 1 & 2 have the same transmission direction on subframe #0,4,5,9, therefore, there is no cross-link interference on these subframes or no risk of collision between DL transmission and UL transmission. Specially, this periodicity based minimal resource configuration could also be aligned with the pure self-contained frame structure, with 1ms periodicity, in one carrier. With fixed direction for essential transmission, it would enable reliable cell search and initial access procedure. In addition, other signals which require high reliability, e.g., ACK/NACK, could also be transmitted on these fixed or semi-static configured DL/UL time resources. If semi-static TDD is applied, it is possible to align all the transmission direction for the neighboring cell. If dynamic TDD is applied, there is possible cross-link interference on the remaining resources apart from the resources for the essential transmission. 
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Figure 1: Example of DL/UL essential configuration
In order to support TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing, or in order to support most time resource can be reserved as blank subframe for forward compatibility, fixed or semi-static configured DL/UL time resource for essential signal should be minimized. 
In addition, even for synchronized TDD network with all aligned UL/DL transmission direction of all cells, strong uplink interference caused by the downlink signal of remote base station could be observed in some atmospheric conditions that is favorable for producing tropospheric bending of VHF, UHF and/or microwave radio waves, especially for macro base station. Thus the downlink and uplink essential signal needs to be designed to enable enough time distance to avoid such DL to UL interference, which is illustrated as Figure 2.
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Figure 2: Example of configuration for avoiding remote DL to UL interference

Proposal 1: Fixed or semi-static configured DL/UL time resource and corresponding periodicity should be defined to transmit essential signals. The time resource for essential signal should be minimized, and downlink and uplink essential signal needs to be designed to enable enough time distance to avoid remote DL to UL interference.
Flexible configuration of time resources for data transmission
Besides fixed or semi-static configured DL/UL time resource for essential signal, in scenarios which do not mandate DL/UL transmission alignment, the remaining time resources could be more flexible to improve the network utilization. Specifically, the slots of the flexible resources could be configured semi-statically or signaled dynamically as full DL, full UL, bi-directional, full GP, GP dominated, sidelink, backhaul link, relay link, etc. 
In order to support efficient coexistence between NR and LTE operating on neighboring cells on the same or different frequency band, it is necessary that NR TDD configuration can be configured to well coexist with LTE TDD configuration. One example is shown in Figure 3, NR TDD operation is configured as the same as LTE TDD configuration 2. For the NR cell, the configuration is to be with 5ms periodicity, and the downlink and uplink subframes used for essential signals are located on first and last subframe in the 5ms periodicity, respectively, as proposal 1 proposed. With 3 ms shift of the starting boundary in NR, no cross-link interference on all subframes appear between NR and legacy LTE.
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Figure 3: coexisted DL/UL configuration
Proposal 2: The design of NR semi-static TDD DL/UL direction should enable well coexistence with TDD LTE in neighboring cells of same carrier or same band.
In order to balance the requirement of coverage, latency, overhead and flexibility, the flexible time resource could be assigned with different directions or GP or DL/UL dominated time resource, and be configured with single or multiple transitions of transmission directions during a period of fixed DL/UL resource for essential transmission. Examples of flexible configurations are shown in Figure 4. DL/UL resource for essential transmission is configured with 5ms periodicity, and the downlink and uplink subframes used for essential signals are located on first and last subframe in the 5ms periodicity, respectively. As shown in Figure 4, single transition within 5ms periodicity could support wide coverage with lower GP overhead, and multiple-transition within 5ms periodicity could support flexible traffic or low latency.
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Figure 4: Example of configuration of single or multiple DL/UL transitions
Proposal 3: Flexible time resource could be assigned with different directions or GP or DL/UL dominated time resource. 
In addition, the ratio of fixed resource and flexible resource can be adjusted based on the traffic. By assigning some of the slots in the period as semi-static DL and UL transmission direction, and some to be dynamic slots, it is possible to allow for adapting the ratio of the semi-static resource over dynamic resource. 
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Hybrid dynamic and semi-static TDD, with example ratio of dynamic to semi-static as 8:2
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Proposal 4: By adjusting the ratio of the semi-static slots and dynamic slots in the period, it is possible to achieve hybrid dynamic and semi-static TDD.
3. Conclusions
In this contribution, we discuss some general design principles for semi-static TDD configurations and give the following proposals:
Proposal 1: Fixed or semi-static configured DL/UL time resource and corresponding periodicity should be defined to transmit essential signals. The time resource for essential signal should be minimized, and downlink and uplink essential signal needs to be designed to enable enough time distance to avoid remote DL to UL interference.
Proposal 2: The design of NR semi-static TDD DL/UL direction should enable well coexistence with TDD LTE in neighboring cells of same carrier or same band.
Proposal 3: Flexible time resource could be assigned with different directions or GP or DL/UL dominated time resource. 
Proposal 4: By adjusting the ratio of the semi-static slots and dynamic slots in the period, it is possible to achieve hybrid dynamic and semi-static TDD.
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